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Foreword

“Doctor, are we then saving the best for last,” asked our 

patient when we mentioned that it was time to discuss 

stem cell transplantation in relapsed follicular lym-

phoma as the most favorable option with curative 

intent. We had not used the word “cure” with the prior 

therapies that were prescribed. As oncologists, we often 

use the words “remission” and “cure” and these can be 

confusing for patients and their caregivers. If an alloge-

neic stem cell transplant is indeed curative, why did we 

not proceed with it as initial therapy? A quandary our 

patients are usually left with.

Oncologists and healthcare providers are faced with 

challenging malignancies, some curative and others not, 

due to the nature of the disease driven by its pathology. 

In the era of newer targeted treatments and exciting 

novel agents with unique mechanisms of action, oncol-

ogists themselves are often perplexed by the timing of 

stem cell transplant in lymphoma. This book, edited by 

Professors Savani and Mohty and authored by leaders in 

the lymphoma field, is indeed an invaluable guide to 

understanding the current status of stem cell transplan-

tation in lymphoma. Stem cell transplantation should 

not be considered a treatment of last resort but rather an 

alternative therapeutic option with curative potential. 

In that regard, this book discusses the approach to and 

timing of stem cell transplantation in the various lym-

phoma subtypes.

Finding a donor at the right time is indeed critical. 

Matched siblings are preferred donors. However, only 

one-third of patients will have a healthy matched sibling. 

There is increasing evidence that unrelated matched 

donors achieve similar outcomes. Other options, such as 

cord blood transplant and haploidentical transplant, are 

gaining popularity and are increasingly safer, mitigating 

the need to find a sibling match. This book discusses the 

latest evidence for haploidentical and cord blood trans-

plant procedures pertaining to lymphoma.

Allogeneic stem cell transplantation harnesses antitu-

mor immunity to prevent tumor progression. In the 

current era, mimicking natural immunity and enhancing 

host antitumor activity are the characteristics of the 

immune checkpoint inhibitors, such as program-death 

(PD-1/PDL-1) inhibitors, with activity in lymphoma. 

Most of the outcome data in transplantation predates the 

modern period of small-molecule inhibitors and targeted 

agents. This book takes a new approach in defining 

the purpose of transplantation and integrating targeted 

therapy with the best available evidence. Relapse 

after  allogeneic transplant is still a major issue. The 

management of post-transplant relapse is a challenge in 

itself, and exciting avenues of research discussed in this 

book include the assessment of minimal residual disease 

at several time points with newer methodologies and 

increasing the sensitivity of the testing in order to detect 

early relapse and potentially allow modulation of the 

immune system with antibodies or adoptive cellular ther-

apies. Another exciting area is the use of chimeric antigen 

receptor- engineered T cells to provoke an adaptive 

immune response against hematologic malignancies. 

There is great potential for this approach to significantly 

improve patient-specific cancer therapy. The authors 

highlight the antitumor activity of T cells in various 

subtypes of lymphoma.

An essential component of stem cell transplant is the 

conditioning regimen administered prior to the infusion 

of stem cells. Some of the earlier regimens were dose 

intense, with or without radiation to eliminate any 

residual malignancy. Over time, several investigators 

lowered the dose of radiation and chemotherapeutic 

agents in the preparative regimen in order to exploit the 

graft-versus-tumor effect. The authors focus on lym-

phoablative regimens and regimen-related toxicities. The 

overall reduction in morbidity and mortality has allowed 

transplant physicians to offer the option of an allogeneic 

transplant to the elderly, who were once considered inel-

igible for transplant. This book offers a very balanced 

view of the current position of stem cell transplant in 

patients with Hodgkin and non-Hodgkin lymphoma, and 

this has never been compiled in such detail.

Most stem cell transplant programs are located at 

tertiary centers and in some countries access to an 

academic center is further limited by the added financial 
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constraints. Referral patterns may vary widely throughout 

the world, but the principles of transplantation and care 

following transplant are universal and relevant to all phy-

sicians and healthcare providers. The topics discussed in 

this book are pertinent to oncologists, hematologists, 

transplant physicians and primary care providers.

Chronic graft-versus-host disease and the late com-

plications of chronic immunosuppressive therapy are 

important challenges with an impact on survival. 

Transplant centers have therefore established long-term 

clinics to focus on morbid issues. An orchestrated effort 

to provide this type of environment for long-term survi-

vors may be feasible at major transplant centers of 

excellence. In the absence of established clinics, such 

coordinated follow-up care will need to be managed by 

the referring oncologist in conjunction with the trans-

plant physician. Referring physicians will also benefit 

from continued education on the long-term follow-up 

of survivors. 

It is essential to select the optimal time for stem cell 

transplantation while providing the best long-term care 

and thus increasing the chances of long-term survival 

free of this life-threatening malignancy. Therefore 

referral to a transplant center with expertise in the dis-

ease is crucial. This book is also unique in that it serves 

as a guide to best practice by the oncologist, who is the 

person resonsible for referral to a transplant center and 

who is involved with the continued follow-up of the 

patient. The care delivered by any transplant center 

is  complex and involves coordinated care between 

specialties.

This book is therefore timely as it provides the most 

comprehensive method for integrated patient care. The 

authors and editors deserve to be congratulated on this 

book and the magnitude of its impact on its readers will 

be immense.

Finally, this book addresses our patient’s question – 

“Doctor, are we then saving the best for last.” To that 

our answer is, together we are indeed starting a journey 

to accomplish the best, but certainly not the least, 

outcome.

Dr Nishitha M. Reddy

Director, Lymphoma Program

Vanderbilt University Medical Center

Nashville, TN, USA

Professor Noel Milpied

CHU de Bordeaux

Bordeaux, France

Professor Christian Gisselbrecht

CHU Saint-Louis, AP-HP 

Paris, France
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Introduction

Bipin N. Savani, MD

Professor of Medicine

Director, Long Term Transplant Clinic

Division of Hematology/Oncology

Vanderbilt Ingram Cancer Center

Vanderbilt University Medical Center

Nashville, TN, USA

Professor Mohamad Mohty, MD, PhD

Head, Clinical Hematology and Cellular  

Therapy Department

Université Pierre et Marie Curie

Hôpital Saint Antoine

INSERM, U938

Paris, France

Lymphoid malignancies are leading causes of cancer with 

an estimated 100,000 cases projected in the United States in 

2014, comprising non‐Hodgkin lymphoma (NHL), 70,800; 

Hodgkin lymphoma (HL), 9190; and chronic lymphocytic 

leukemia (CLL), 15,720. Although 5‐year survival of lym-

phoid malignancies has improved significantly in the last 

three decades, it is estimated to account for 25,000 deaths 

in the United States in 2014 (NHL, 18,990; HL, 1180; CLL, 

4600) [1]. This highlights the need for an improvement 

in upfront and salvage therapy for lymphomas.

Hematopoietic stem cell transplantation (HSCT) 

provides curative therapy for a variety of diseases. Over 

the past several decades, significant advances have been 

made in the field of HSCT and it has now become an 

integral part of treatment for a variety of lymphoid 

malignancies. Advances in transplantation technology 
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and supportive care have resulted in a significant 

decrease in transplant‐related mortality and relapse rate.

Since the first three cases of successful HSCT in 1968, 

the number of HSCTs performed annually has increased 

steadily over the past 30 years [2–6]. It is estimated that 

by 2015 more than 100,000 patients will receive HSCT 

(combined allogeneic and autologous) annually world-

wide, and numbers are increasing rapidly. We celebrated 

the one millionth transplant in 2013! With continued 

improvement in HSCT outcome, the indications for 

HSCT continue to grow. Furthermore, the sources of 

stem cells and the number of suitable matches are 

expanding. At the same time, modified transplantation 

regimens have facilitated safer procedures despite the 

increase in patient age and comorbidities. These new 

findings show that HSCT is more accessible for patients 

previously not considered good candidates.

Thanks to the advent of reduced‐intensity conditioning 

(RIC) regimens and improvements in supportive care, 

we now have the ability to safely perform transplanta-

tions in older patients and those with comorbid illnesses. 

In some centers, it is not uncommon to perform autolo-

gous or even allogeneic stem cell transplants in patients 

as old as 75 years. Long‐term studies suggest that 

average health‐related quality of life and functional 

status among survivors, including older patients, recover 

within a couple of years to pretransplant levels.

In this era, a stem cell source can be found for virtually 

all patients who have an indication to receive allogeneic 

HSCT. Since 2006, more allogeneic HSCT procedures 

have been performed using alternative donor stem cell 

sources, such as volunteer unrelated donor or cord 

blood, than related donors [2]. RIC haploidentical 

related donor or cord blood transplantation has emerged 

as an alternative for those patients who do not have 

matched related donor or unrelated donor and the out-

come of these types of transplantation are expected to 

be better than chemotherapy alone or even better than 

autologous HSCT for selected indications.

Because of the availability of novel substances and 

treatment strategies, the standard of care in many lym-

phoid malignancies has changed dramatically. These 

new approaches include new monoclonal antibodies, 

immunomodulatory agents, substances interfering with 

the B‐cell receptor signaling pathway, and novel cellular 

therapies [7]. The choice of HSCT versus a novel agent 

is one that must be gauged on a patient‐by‐patient basis.

A very exciting new active immunotherapy strategy is 

chimeric antigen receptor (CAR) T‐cell therapy. CAR 

technology has recently emerged as a novel and prom-

ising approach for specifically targeting malignant cells 

with precisely engineered T cells. Several clinical trials 

have reported impressive results with anti‐CD19 CAR T 

cells in both CLL and acute lymphoblastic leukemia and 

have been investigated in other malignancies [8–10]. 

Recent data from the National Cancer Institute showed 

that the infusion of donor‐derived allogeneic anti‐CD19 

CAR T cells caused regression of highly treatment‐resis-

tant B‐cell malignancies after allogeneic HSCT (anti‐CD19 

CAR T‐cell donor lymphocyte infusion or DLI). Results 

showed that infusions were not associated with graft‐

versus‐host disease (GVHD) [11]. Relapse of malignancy 

is a leading cause of death in patients undergoing alloge-

neic HSCT. B‐cell malignancies persisting despite alloge-

neic HSCT are often treated with unmanipulated DLI. 

However, DLI has inconsistent efficacy and is associated 

with significant morbidity and mortality from GVHD. 

Allogeneic anti‐CD19 CAR T cells have significant anti‐

malignancy activity when administered without prior 

chemotherapy [11].

As there are no direct comparisons between HSCT 

and novel agents, general evidence‐based recommen-

dations are very difficult to make at this point. Instead, 

we need to understand the limitations of each 

approach, and carefully weigh the chances and risks of 

each procedure on a case‐by‐case basis. In general, the 

availability of treatments, their expected benefit and 

side effects, and individual treatment histories and 

pretransplant characteristics as determined by the 

variety of risk score systems need to be taken into 

consideration.

However, as the success of HSCT is highly dependent 

on the remission state at the time of HSCT, it seems very 

desirable to focus on achieving control of the disease 

first. This can be facilitated by novel substances. As they 

are well tolerated and show only moderate toxicities, 

they seem a good option as a bridge until HSCT, and 

maybe even to postpone HSCT to a later point in the 

disease. How these substances should be best combined, 

if there is the option to completely eliminate the chemo-

therapy backbone from induction or second‐line 

treatment, and whether they will have an effect on 

graft‐versus‐lymphoma and immunomodulation is the 

major focus of ongoing preclinical and clinical studies.
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Indeed, the use of HSCT continues to grow each year 

in  the United States, Europe, and around the world. 

In  parallel with advances in other cancer treatments, 

HSCT has evolved rapidly in the past two decades in ways 

that may be unfamiliar to those who learned about trans-

plant earlier in their careers. Nevertheless, continued 

underutilization of transplantation in patients who might 

otherwise benefit suggests that many of the improvements 

in the field may not be well known among referring 

providers.

This book is therefore timely and at the same time 

unique: the first clinical guide to transplantation in 

lymphoma in the novel therapeutic era. We have 

assembled what must be the definitive text on this 

subject and have called upon more than 50 specialists 

to contribute to this authoritative volume. This book 

presents the most current knowledge about how to 

integrate transplantation and novel therapies in 

patients with lymphoid malignancies. Section 1 sets the 

stage, with an overview of transplantation in lymphoma 

including a historical perspective, role of lymphoma 

working committees, current use of transplantation in 

children and adults, the variety of conditioning regi-

mens for autologous and allogeneic HSCT, pretrans-

plant evaluation, stem cell mobilization, donor search 

for patients needing allogeneic HSCT, and management 

of long‐term complications after HSCT for lymphomas 

and follow‐up. Section 2 is devoted to the management 

of lymphoid malignancies, focusing on standard of care 

transplant management, timing and preparation of 

patients for transplantation, management of post‐ 

transplant relapses and, most importantly, discussion of 

novel therapies and their integration in transplantation 

for lymphomas. These contributions from acknowl-

edged experts in the field from Europe and the United 

States cover the organizational aspects of transplant 

patients. Finally, the appendices are a source of prac-

tical information that clinicians will find extremely 

helpful in the management of lymphoma patients.
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Brief history of hematopoietic cell 
transplantation

The concept of hematopoietic cell transplantation (HCT) 

dates back more than 100 years. Writing in the Journal of 

the American Medical Association in 1896, Quine credited 

Brown‐Séquard and d’Arsonval with proposing the 

therapeutic infusion of bone marrow to treat leukemia, 

and summarized anecdotal reports of bone marrow infu-

sion as an adjunct to then‐standard treatments such as 

arsenic for pernicious anemia [1]. Quine also described the 

first case of inadvertently transmitted blood‐borne infec-

tion (malaria) in a marrow recipient. Anecdotal reports of 

marrow infusion continued to appear in the literature, but 

often used only several milliliters of bone marrow and 

were unsuccessful [2,3]. Classified animal experiments 

were carried out by the US Atomic Energy Commission 

during World War II on the use of HCT to treat radiation 

exposure (later published in 1950), but these were simi-

larly unsuccessful [4]. The era of modern HCT is generally 

understood to have originated with the 1949 publication 

by Jacobson et al. of the observation that mice could sur-

vive otherwise lethal irradiation if splenocytes were 

protected from the radiation and reinfused afterward 

[5,6]. Subsequent work by Lorenz et al. [7] showed that 

infusion of bone marrow had similarly protective effects in 

irradiated mice and guinea pigs. Hematopoietic recovery 

after marrow infusion was initially hypothesized to derive 

from a humoral or hormonal factor in the infusate, but in 

the mid‐1950s Main and Prehn and others proved 

conclusively that donor hematopoietic cells engrafted and 

persisted in HCT recipient animals [8–11].

The first successful use of HCT to treat leukemia in 

murine models was reported by Barnes and Loutit in 

1956 [12]. These authors outlined the central premises of 

modern allogeneic HCT: first, that high‐dose myeloabla-

tive therapy could eliminate hematologic malignancies 

and, second, that donor hematopoietic cells could mount 

an immunologic response which would eradicate residual 

leukemia in the recipient. In 1957, these authors reported 

that leukemic mice treated with myeloablative irradia-

tion and syngeneic HCT had hematopoietic recovery but 

died of recurrent leukemia, while mice receiving alloge-

neic HCT demonstrated eradication of leukemia but died 

of so‐called “secondary disease,” a syndrome of diarrhea 

and weight loss which would today be recognized as 

graft‐versus‐host disease (GVHD) [13,14].

Early efforts at allogeneic HCT in humans were 

carried out nearly simultaneously by Thomas et al. in 

the 1950s [15]. However, as the immunologic basis of 

histocompatibility was poorly understood at the time, 

these patients did not engraft. In fact, a summary of the 

first approximately 200 human recipients of allogeneic 

HCT, published in 1970, found no survivors [16]. During 

this time, however, a number of breakthroughs in animal 

models of HCT laid the groundwork for the future success 

of this approach. Billingham et al. [17,18] described the 

biological basis of GVHD and alloimmune tolerance, and 

Uphoff [19] and Lochte et al. [20] described the use of 

methotrexate to prevent GVHD. Thomas et al. [21,22] 

Lymphoma and transplantation:  
historical perspective
Andrew R. Rezvani

Chapter 1

Section 1  Transplantation in lymphomas



6      Clinical Guide to Transplantation in Lymphoma

pioneered the use of canine models of allogeneic HCT. 

Perhaps most importantly, advances in the understanding 

of histocompatibility in both the human and the dog 

provided a basis for donor–recipient matching, a critical 

component of successful allogeneic HCT [23–25].

In the setting of these advances, allogeneic HCT in 

humans was revisited with greater success. By 1975, the 

Seattle group of investigators summarized the results of 

110 patients with acute leukemias or aplastic anemia 

who had received allogeneic HCT from HLA‐identical 

sibling donors. While deaths from recurrent leukemia, 

GVHD, and opportunistic infection were common, this 

report was the first to describe long‐term survivors of 

allogeneic HCT [26,27]. Up to this point, allogeneic HCT 

had been reserved for patients with refractory leukemia; 

with the application of this approach to patients in first 

complete remission, substantial improvements in 

survival were seen [28]. With the advent of HLA typing, 

the first unrelated‐donor transplant was performed 

using an HLA‐matched volunteer donor in 1979 [29]. 

From these beginnings, HCT has become a fast‐growing 

and increasingly widely used treatment approach for 

malignant and non‐malignant hematologic disease [30].

Much of the benefit from allogeneic HCT derives from 

the immune effect of the graft against residual tumor (the 

graft‐versus‐tumor, or GVT, effect). In contrast, autolo-

gous HCT functions on the principle of dose escalation 

and relies entirely on high‐dose, supralethal chemoradio-

therapy to eradicate disease. Autologous hematopoietic 

cells are infused to rebuild the marrow and circumvent 

otherwise dose‐limiting hematologic toxicity. Autologous 

HCT developed largely in parallel with allogeneic HCT, 

although without the barriers of histocompatibility, graft 

rejection, and GVHD. While a number of anecdotal 

reports and case series of autologous HCT appeared in the 

1950s and 1960s, the first patients reported to be cured of 

otherwise lethal malignancies by this approach were 

described by Appelbaum et al. in 1978 [31,32]. Subsequent 

studies established autologous HCT as a potentially cura-

tive treatment for many lymphomas, and as an effective 

but not curative treatment for multiple myeloma.

History of autologous HCT in  
non‐Hodgkin lymphoma

The curative potential of autologous HCT was first 

demonstrated in patients with non‐Hodgkin lymphoma 

(NHL) [32,33], and this approach continues to form a 

cornerstone of management of relapsed NHL, as described 

in subsequent chapters. The central principles of autolo-

gous HCT for NHL were established in the 1980s. 

Specifically, chemosensitivity is a key determinant of 

benefit from autologous HCT; Philip et al. [33] reported as 

early as 1987 that disease‐free survival rates were approx-

imately 40% in patients with chemosensitive relapsed 

NHL, approximately 20% in those with chemotherapy‐

refractory disease, and nearly zero for patients with 

primary refractory NHL who had never achieved 

complete remission. The benefit of autologous HCT in 

relapsed aggressive NHL was confirmed in a randomized 

controlled clinical trial comparing standard‐dose chemo-

therapy to high‐dose chemotherapy with autologous 

HCT. The final results of this trial, reported in 1995, 

showed that both event‐free survival (EFS) and overall 

survival (OS) were superior in the group undergoing 

autologous HCT (46% vs. 12% for EFS, and 53% vs. 

32% for OS) [34]. On the basis of this convincing finding, 

autologous HCT has come to be considered the standard 

of care for eligible patients with chemotherapy‐sensitive 

relapsed aggressive NHL.

Autologous HCT has also been studied in patients 

with indolent NHL, but the historical evidence for 

benefit is less definitive in this setting than in aggressive 

NHL. Several trials in the 1990s demonstrated pro-

longed disease‐free survival and possible cure in a subset 

of patients with indolent NHL undergoing autologous 

HCT [35,36]. Likewise, a randomized controlled trial of 

89 patients published in 2003 showed improved EFS 

and OS with autologous HCT as compared to conven-

tional chemotherapy alone in patients with relapsed 

indolent NHL (58% vs. 26% for 2‐year EFS, and 71% 

vs. 46% for 4‐year OS) [37]. Despite the positive results 

of this randomized trial, autologous HCT remains con-

troversial in indolent NHL. The curative potential of 

autologous HCT in indolent NHL is not universally 

accepted (in contrast to aggressive NHL), and so there 

may be greater reluctance to expose patients to the 

regimen‐related toxicities and long‐term risks of this 

approach, which include secondary myelodysplastic 

syndromes and acute leukemias, which can occur in up 

to 5% of patients [38]. Additionally, many of the trials 

supporting autologous HCT in indolent NHL were 

performed before the advent of rituximab and modern 

chemoimmunotherapy. For example, treatment with 

FCR (fludarabine, cyclophosphamide, and rituximab) 

chemotherapy can produce median disease‐free 

survivals of more than 4 years in patients with relapsed 
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indolent NHL [39]. In the setting of highly active 

conventional chemotherapy regimens, the appeal of 

autologous HCT in indolent NHL is reduced. Nonetheless, 

historical data do support its efficacy as a treatment 

option, particularly for patients with short remission 

durations or suboptimal responses to conventional 

chemoimmunotherapy.

History of autologous HCT in Hodgkin 
lymphoma

While Hodgkin lymphoma (HL) is among the most 

curable forms of cancer with upfront treatment, the 

minority of patients who relapse or who have primary 

refractory HL have a grim prognosis with conventional 

chemotherapy alone. Reports of the successful use of 

autologous HCT in HL began to appear in the literature 

in the mid‐1980s [40–44]. On the basis of these uncon-

trolled and generally single‐institution studies, relapsed 

HL quickly became one of the most common indications 

for autologous HCT. As with NHL, chemosensitivity at 

relapse was felt to be one of the most important deter-

minants of likelihood of cure after autologous HCT.

Since autologous HCT had already entered wide-

spread use, two randomized controlled trials com-

paring conventional chemotherapy with autologous 

HCT were performed in the 1990s. The British National 

Lymphoma Investigation randomized a total of 40 

patients with relapsed or refractory HL to receive either 

BEAM conditioning (carmustine, etoposide, cytarabine, 

and melphalan) followed by autologous HCT, or 

reduced‐dose BEAM alone. The trial was initially 

intended to enroll a larger number of patients, but it 

proved impossible to accrue patients for randomization 

due to insistence on the part of both patients and phy-

sicians for autologous HCT. The trial was thus closed 

early and suffered from severely limited statistical 

power, with only 20 patients in each arm of the ran-

domization. Upon publication in 1993, statistically 

significant differences were seen in EFS in favor of the 

transplant arm, although the difference in OS did not 

reach statistical significance [45].

Separately, the European Society for Blood and 

Marrow Transplantation (EBMT) conducted a 

randomized clinical trial comparing chemotherapy 

alone to autologous HCT in 161 patients with chemo-

sensitive relapsed HL, published in 2002. As with the 

earlier randomized trial, the EBMT group reported 

significantly superior EFS, but not OS, with autologous 

HCT [46]. While neither study showed a statistically 

significant OS benefit with autologous HCT, the benefit 

in EFS was felt to be convincing and the studies were 

acknowledged to be limited in statistical power to detect 

differences in OS. Thus, on the basis of the earlier 

uncontrolled trials and these two randomized trials, 

autologous HCT has become an accepted standard of 

care for eligible patients with chemosensitive relapsed 

HL. Additional aspects of autologous HCT for HL, 

including more recent developments, are covered in 

more detail in Chapter 18.

History of allogeneic HCT in 
lymphoma

Historically, autologous HCT has been far more widely 

employed than allogeneic HCT in the treatment of 

lymphomas, in part because the earliest clinical trials 

were unable to definitively establish the existence 

of  an  alloimmune graft‐versus‐lymphoma effect [47]. 

Likewise, autologous HCT was viewed as more feasible 

in lymphomas than in leukemias because of the lower 

incidence of malignant bone marrow involvement in 

the former. Subsequent experience, however, indicated 

that tumor contamination of autografts in lymphoma 

patients contributed to post‐transplant relapse [48], 

underscoring the potential benefit of tumor‐free alloge-

neic grafts in these diseases. Even more importantly, 

further clinical trials confirmed the existence of potent 

graft‐versus‐lymphoma effects [49], underscoring the 

potential benefit of allotransplantation in lymphoma.

The initial experience with allogeneic HCT in NHL 

involved the use of myeloablative conditioning with 

high‐dose total body irradiation (TBI) or the combination 

of busulfan and cyclophosphamide (BU/CY). As a 

consequence of the intensity of conditioning, allogeneic 

HCT was generally restricted to patients who were young 

and healthy enough to tolerate the regimen‐related tox-

icities. These demographics included some patients with 

HL and aggressive NHL, but excluded the vast majority 

of indolent NHL patients, who tended to be older at the 

time of diagnosis. However, even in this young and 

relatively healthy population, the regimen‐related 

toxicity and transplant‐related mortality of allogeneic 

HCT was substantial, if not prohibitive, ranging from 25 

to 50% [47,49–51]. This degree of transplant‐related 

mortality was out of proportion to that seen in leukemia 
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cohorts. Acute and chronic GVHD incidences were no 

higher than those seen with other transplant indications; 

the majority of non‐relapse deaths in these early trials 

stemmed from pneumonitis and pulmonary injury, 

likely because many patients had previously undergone 

radiation therapy to the chest and were thus predisposed 

to further pulmonary compromise.

As noted above, the reliance on intensive myeloab-

lative conditioning precluded the vast majority of 

patients with indolent NHL, who tended to be older 

and more heavily pretreated than patients with HL or 

aggressive NHL. In fact, as of 1990, only a total of seven 

allogeneic transplants for indolent NHL had been 

reported in the literature [52–54]. Allogeneic HCT was 

generally not performed for indolent NHL because of 

good results with conventional therapies, advanced 

patient age, and the prohibitively high risk of trans-

plant‐related mortality.

The most important development in the use of alloge-

neic HCT for lymphomas has been the introduction of 

reduced‐intensity and non‐myeloablative conditioning 

regimens. These regimens, pioneered by various groups 

including McSweeney et al. [55] in Seattle, Khouri et al. 

[56] at M.D. Anderson Cancer Center, and Lowsky et al. 

[57] at Stanford (among others), are based on the prin-

ciple that immunologic graft‐versus‐lymphoma effects 

rather than conditioning agents are responsible for the 

majority of benefit from allogeneic HCT. While the 

specific agents used in reduced‐intensity conditioning 

regimens vary, they are generally selected to permit 

donor hematopoietic engraftment with minimal reg-

imen‐related toxicity. These regimens have little or no 

intrinsic antitumor effect and instead serve the role of 

facilitating donor engraftment.

Lymphomas were a natural target disease for newly 

developed reduced‐intensity conditioning regimens, 

given the older age of the patient population and the 

high transplant‐related mortality seen with myeloabla-

tive approaches. Perhaps most importantly, reduced‐

intensity conditioning made it possible to perform safe 

allografting in patients who had previously undergone 

high‐dose chemotherapy and autologous HCT (as is 

common in the course of lymphoma treatment). The 

prior experience in attempting myeloablative alloge-

neic HCT in lymphoma patients after a previous auto-

graft was dismal, with a 2‐year disease‐free survival 

after allotransplantation of zero [58]. In contrast, non‐

myeloablative and reduced‐intensity regimens quickly 

proved capable of producing donor engraftment with 

acceptable regimen‐related toxicity in patients with 

prior autologous HCT.

Over the past 15 years, an extensive literature has 

arisen describing the successful use of non‐myeloabla-

tive or reduced‐intensity allogeneic HCT to treat 

lymphoma. These results are described in detail in later 

chapters, but the overarching theme is that allogeneic 

HCT is increasingly part of the treatment algorithm for 

patients with relapsed and refractory lymphomas. For 

most types of aggressive NHL and for HL, autologous 

HCT is still generally a standard of care for patients with 

a first chemosensitive relapse. However, some groups 

have incorporated allogeneic HCT into the upfront 

management of patients with indolent NHL in first 

chemosensitive relapse, based on the excellent results 

seen in this patient population with modern reduced‐

intensity approaches [59]. From a historical perspective, 

the transformation wrought by reduced‐intensity 

conditioning is particularly striking in lymphoma; from 

a total of only seven patients with indolent NHL trans-

planted as of 1990 due to prohibitive toxicity, these 

patients now experience outcomes among the best 

reported for any allogeneic HCT indication [59,60].

General historical considerations

No historical perspective on HCT would be complete 

without discussion of improvements in supportive care. 

Much of the improvement in outcomes with both 

allogeneic and autologous HCT over the past decades 

is  due to the advent of more effective antimicrobials, 

surveillance strategies against opportunistic infection, 

blood‐product support, and management of regimen‐

related toxicities. Common opportunistic infections in the 

post‐transplant period include cytomegalovirus (CMV) 

reactivation and invasive fungal infections such as 

pulmonary aspergillosis. In the early days of HCT, these 

complications were feared and nearly universally fatal. 

Substantial progress has been made in monitoring CMV 

reactivation and in determining appropriate thresholds 

for preemptive antiviral therapy to prevent the 

development of CMV disease. Likewise, potent modern 

antifungals such as the triazoles and echinocandins have 

improved our ability to treat invasive fungal infections, 

while imaging and endoscopic diagnosis of these infec-

tions has improved our ability to detect them.
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Substantial progress has been made in the prevention 

of acute GVHD, with a number of novel prophylactic 

regimens supplementing standard and proven 

approaches such as tacrolimus plus methotrexate. In 

contrast, chronic GVHD remains a poorly understood 

entity which has proven challenging to prevent or treat, 

despite decades of clinical investigation.

A recent analysis of transplant outcomes over time 

confirmed significant reductions in transplant‐related 

mortality and improvements in overall survival over 

time [61]. Strikingly, the incidence of hepatic acute 

GVHD, one of the most lethal complications of 

allogeneic HCT, has declined dramatically over the past 

10–15 years. Various explanations have been proposed 

for this decline, ranging from the increasing use of 

reduced‐intensity and non‐myeloablative conditioning 

regimens to better donor and patient selection to the 

now‐widespread use of prophylactic ursodiol [62]. 

Regardless, from a historical perspective, improvements 

in supportive care have transformed HCT and signifi-

cantly improved outcomes across the range of transplant 

indications [61].
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Introduction

Most chapters in this book discuss the role of hematopoi-

etic cell transplantation (HCT) as an effective and often 

life‐saving treatment strategy for patients with lymphoma. 

This chapter discusses the process, infrastructure, and 

resources that are essential for systematically collecting 

and analyzing data on HCT recipients, allowing unbiased 

evaluation of the effectiveness of HCT in various settings.

Quality assurance and improvement programs at 

the  national and local levels are critical in ensuring 

that  high‐quality patient care is being provided. 

Organizations such as the Foundation for the 

Accreditation of Cellular Therapy (FACT) and the Joint 

Accreditation Committee of ISCT and EBMT (JACIE) 

have led the effort in developing standards and a 

uniform system of accreditation that have been widely 

adopted. However, advances in the field depend on 

scientifically rigorous research, allowing better appreci-

ation of the impact of various patient, disease, and 

HCT‐related factors on outcomes.

In 1972 the International Bone Marrow Transplant 

Registry (IBMTR) was established to collect data on 

HCT being performed in centers around the world. A 

similar organization was established around the same 

time focusing on HCT in Europe, the European Society 

for Blood and Marrow Transplantation (EBMT) [1]. In 

1987 the National Marrow Donor Program (NMDP) 

was founded to develop a panel of unrelated donors for 

US patients. An NMDP Scientific Registry of outcomes 

was also established to evaluate the unrelated donor 

transplants the organization facilitated [2]. Other 

national registries have resulted from similar efforts. 

The establishment of public cord blood banks for HCT 

was accompanied by efforts on the part of individual 

large banks and international organizations, such as the 

IBMTR and Eurocord [3], to systematically collect and 

analyze data on cord blood transplant outcomes. 

Recently, other international HCT outcomes registries, 

such as the Asia‐Pacific BMT Registry (APBMT) [4], have 

been established, with similar efforts ongoing in other 

regions such as South America and the Middle East. In 

2004, the NMDP Scientific Registry and the IBMTR 

became affiliated to form the Center for International 

Blood and Marrow Transplant Research (CIBMTR) [5]. 

All these initiatives have in common the goal of 

combining data from many centers to increase the 

ability to address important issues in HCT.

It is well recognized that prospective randomized 

clinical trials (RCTs) represent the gold standard 

scientific method of evaluating therapeutic interven-

tions. However, many factors may limit the utility of 

RCT in evaluating various transplantation strategies. 

Observational databases, such as the ones maintained 

by CIBMTR, EBMT, and APBMT [1,4,5], can enhance 

understanding of HCT outcomes by addressing ques-

tions that are difficult to study within the scope of 

RCTs [6,7]. Although approximately 20,000 HCTs are 

performed yearly in the United States, only a minority 

are performed on clinical trials. Challenges unique to 

the field of HCT, such as small numbers treated at 

individual centers, the wide variety of indications and 

multiple competing risks in the peritransplant period, 

make it difficult to perform adequately powered 
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single‐center studies. In the United States, a national 

multicenter transplant study network, the Blood and 

Marrow Transplant Clinical Trials Network (BMT 

CTN), has been established. However, clinical trials 

focus on short‐ and intermediate‐term outcomes and 

the important need for long‐term follow‐up of trans-

plant recipients is better addressed through observa-

tional databases. Some important questions such as the 

results of HCT in specific patient groups and rare 

diseases, analysis of prognostic factors, evaluation of 

new transplant regimens, comparison of HCT with 

nontransplant therapy, and defining inter‐center vari-

ability in practice and outcome are difficult to address 

in randomized trials. In addition to these, the observa-

tional database also provides a platform for analyzing 

the availability, access, and economics of HCT. A bio-

specimen repository associated with the CIBMTR 

database allows the linkage of clinical and immuno-

logic data and has led to important insights into 

transplant immunobiology.

In this chapter we will focus mainly on the CIBMTR 

as an example of an international stem cell transplanta-

tion outcomes database. Many of the take‐home mes-

sages are quite relevant to any international outcomes 

registry.

Registry structure

International organizations such as the CIBMTR that 

depend on extensive collaboration require an over-

arching governing structure. For the CIBMTR, this 

structure is its Assembly, which includes a single 

representative from each CIBMTR center. An Advisory 

Committee is then elected from the Assembly to oversee 

CIBMTR operations.

Working committees
There are 15 disease‐focused working committees 

(Table 2.1). Membership on CIBMTR working commit-

tees is open to any individual willing to play an active 

role in the development of studies using CIBMTR data. 

Each working committee is headed by two to four chairs 

appointed by the Advisory Committee to nonrenewable 

5‐year terms. Working committees are staffed by one or 

more MD CIBMTR scientific directors, PhD statisticians, 

and MS statisticians.

Data reporting

Many national governments now require transplant 

centers to report a set of clinical data to a central 

agency with variable responsibilities for addressing 

national health policy issues, for assessing center 

quality, and for research. The amount of data and 

analytic work required vary by country. Here we focus 

on the data reporting requirements of the US Stem Cell 

Therapeutic Outcomes Database (SCTOD). The data 

reporting requirements for the SCTOD were developed 

by an international group of investigators and clini-

cians that took into account the reporting require-

ments in other countries in order to maximize 

opportunities for research collaboration.

In 2005, the US government passed legislation 

establishing the C.W. Bill Young Cell Transplantation 

Program, which included five components (Figure 2.1). 

The SCTOD contract was awarded to the CIBMTR at the 

Medical College of Wisconsin. The legislation that 

established the C.W. Bill Young Cell Transplantation 

Program also made it mandatory to report outcomes 

data for all allogeneic (related or unrelated donor) HCTs 

performed in a US transplant center or using a US donor 

or cord blood unit. Before instituting a data collection 

system for the SCTOD, the CIBMTR convened a series of 

meetings with representatives of the American Society 

for Blood and Marrow Transplantation (ASBMT), EBMT, 

Table 2.1  CIBMTR working committees.

Acute leukemia

Autoimmune diseases and cellular therapies

Chronic leukemia

Donor health and safety

Graft sources and manipulation

Graft‐versus‐host disease (GVHD)

Health services and international issues

Immunobiology

Infection and immune reconstitution

Late effects and quality of life

Lymphoma

Nonmalignant marrow disorders and inborn errors of  

metabolism

Pediatric cancer

Plasma cell disorders and adult solid tumors

Regimen‐related toxicity and supportive care
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APBMT, US and non‐US transplant centers, donor cen-

ters, cord blood banks, donor registries, outcomes regis-

tries, regulatory agencies, and other organizations 

involved with HCT to establish consensus on a recom-

mended minimal dataset to be collected for all HCT 

recipients, whether or not the data were required for the 

SCTOD. The result of these discussions was agreement 

on the pre‐ and post‐transplant essential data (TED) 

forms [8,9]. The APBMT also agreed to utilize the TED 

form in establishing its own, new registry.

The data collection system for the SCTOD built on 

not only preexisting forms but also preexisting 

processes and procedures used by the CIBMTR for 

many years before the 2005 legislation. An important 

difference was the implementation of a web‐based 

data collection platform, FormsNet™ 2, in contrast to 

the paper‐based reporting methods used previously. 

FormsNet™ 2 was launched in December 2007 to be 

used for both SCTOD reporting and CIBMTR research 

reporting. FormsNet™ 2 provided bidirectional com-

munication between centers including handling 

notifications for expected or missing data. It included 

automated validation checks within and between forms 

and automatically generated error reports. Some impor-

tant features were 24/7 accessibility, a flexible system to 

modify data collection screens to accommodate new data 

fields, error checks, audit history trail, capability for 

double data entry and form reconciliation, audit 

tools  for monitoring accuracy, and reporting tools for 

continuous process improvement. The CIBMTR 

developed a newer version of this web‐based platform 

with additional functionality (FormsNet3SM), which 

was launched in December 2012. FormsNet3SM fea-

tures are aimed at further reducing reporting burden 

at  local centers and enhancing accuracy with new 

validation tools.

An interface with the NMDP adult donor and cord 

blood databases allows data on unrelated donor grafts 

(e.g., HLA, infectious disease markers, donor gender 

and weight) and cord blood units (e.g., processing 

procedures, cell counts) to be provided directly from the 

donor center or cord blood bank to the CIBMTR, also 

decreasing the reporting burden for HCT centers and the 

possibility for data entry errors.

Overcoming challenges to data 
reporting

The major obstacles to establishing outcome registries 

are the time, effort, and resources required for trans-

plant centers to report data and for registry staff to 

receive, manage, and analyze data. As mentioned above, 

the CIBMTR uses a system called FormsNet™ for data 

collection; the EBMT has a system called ProMISe, and 

the APBMT uses a system called TRUMP. To minimize 

data reporting burdens but allow for sophisticated 

scientific studies, many registries, including the CIBMTR 

US department of health
and human services

Advisory council on blood
stem cell transplantation

Health resources and services
Administration/division of transplantation

National cord
blood inventory

Individually contracted
and accredited

cord blood banks
Public interface

Transplant centers,
patients and families,
referring physicians

Components of the
C.W. Bill young cell transplantation program

Cord blood
coordinating

center

Bone marrow
coordinating

center

Stem cell
therapeutic
outcomes
database

Of�ce
of patient

advocacy/single
point of
access

Figure 2.1  Overview of the Stem Cell Therapeutic Research Acts (includes the Stem Cell Therapeutic and Research Act of 2005 and 

the Stem Cell Therapeutic and Research Reauthorization Act of 2010).
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and EBMT, use a two‐tier approach for data collection. 

TED forms are required for all patients. For a subset of 

these patients a much more comprehensive dataset is 

obtained on a voluntary basis from centers that have 

agreed to submit such data (Comprehensive Report 

Form centers). The CIBMTR uses a weighted randomi-

zation scheme to identify patients for comprehensive 

reporting; the EBMT, in general, collects comprehensive 

data on a study‐by‐study basis.

Flow of data
Both the CIBMTR and EBMT try to provide ways in 

which the data reported to them can be returned to, or 

accessed by, the centers for their own use. The CIBMTR 

developed a system whereby transplant centers can pro-

vide required data directly to the CIBMTR from their 

own databases rather than reenter data into FormsNet™. 

This software, called AGNIS for “A Growable Network 

Information System,” is a point‐to‐point communica-

tions system that “translates” center data into a common 

standardized language (the National Institutes of Health 

cancer Data Standards Repository or caDSR) so it can be 

shared with other centers, registries, and networks that 

also link to AGNIS (Figure 2.2). Once transferred using 

the AGNIS communications protocol, the data at the 

CIBMTR are validated and stored in the CIBMTR 

research database. AGNIS is an open source mechanism 

with a long‐term goal of enabling an “enter once, use 

often” capability, reducing centers’ submission burden.

Data quality

The CIBMTR ensures procurement of high‐quality data 

by using multiple measures.

1	 Consecutive reporting of all HCTs performed by the 

transplant centers is required to ensure that the data 

provide unbiased assessment of outcomes and this is 

verified through on‐site audits.

2	 Uniform reporting is ensured through several strat-

egies, including FormsNet3SM screen pop‐up windows 

and drop‐down lists with an online data manual to sup-

plement these instructions, an assigned clinical research 

coordinator for each center who is available to resolve 

data entry questions, posted frequently asked questions 

on the CIBMTR website, and through multiple web‐

based and in‐person training opportunities.

3	 Timely reporting is ensured through applying a 

continuous process improvement methodology.

4	 Accurate reporting is ensured through on‐site audits 

and online validations.

5	 Long‐term follow‐up is ensured through providing 

“forms‐due” reminders to the transplant centers, as 

well as providing educational tools to the centers to 

encourage patients to remain in contact with similar 

on‐site audits performed at least once every 4 years 

[10]. Completeness of follow‐up is also ensured dur-

ing the development stage of studies by estimating a 

completeness index [11]. Centers with less than 90% 

completeness are approached to address reasons for 

incomplete follow‐up.

EBMT
Non-US;
US auto

Voluntary

FormsNet
or AGNIS

US related;
unrelated

Mandatory
SCTOD

Transplant essential
data form

CIBMTR
report forms

CIBMTR
research database

Voluntary

Eurocord

APBMT

AGNIS

Other
research
partners

Figure 2.2  Current (solid lines) and future (dashed lines) data flow for CIBMTR and the Stem Cell Therapeutic Outcomes Database 

(SCTOD). EBMT, European Group for Blood and Marrow Transplantation; APBMT, Asia‐Pacific BMT Registry; AGNIS, A Growable 

Network Information System; CIBMTR, Center for International Blood and Marrow Transplant Research.
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The Lymphoma Working Committee

The Lymphoma Working Committee utilizes a two‐tier 

system to capture data used in studies evaluating HCT 

outcomes among patients with lymphoma (see section 

Overcoming challenges to data reporting). A limited set 

of data is collected on the TED forms [8,9], and for a 

subset of patients a comprehensive set of data is collected 

on the lymphoma disease specific forms [12,13]. 

Schedule of forms submission is outlined in Table 2.2. 

Online manuals have been developed to provide 

assistance and additional instructions to HCT center 

data coordinators as they complete these forms [14,15].

These forms capture data on explanatory variables as 

well as on outcomes post HCT. Recognizing the advances 

in the field of stem cell transplantation, and balancing 

the importance of new information and challenges 

associated with systematic collection of new data, the 

forms undergo periodic revisions where new variables 

deemed critical are included and older variables deemed 

no longer needed are removed. However, inherent 

limitations of data submitted to a registry (e.g., lack of 

central pathologic examination) that cannot be resolved 

through form revisions, and the impact of these limita-

tions on the internal and external validity of studies, 

must always be considered while drawing inferences.

Statistical methods

It is important to stress that the principles of performing 

high‐quality clinical studies using observational data-

bases are similar to those applied in RCTs. These include 

clearly stated hypotheses and objectives, inclusion and 

exclusion criteria that will determine the selection of 

the population and the external validity of the study, 

and a study design and an analysis plan that will ensure 

internal validity.

Type of data
Post‐HCT outcomes that are commonly analyzed can 

represent two different types of data. The first type is 

survival data, which include incidence of death and 

treatment failure (combined end points of death or 

relapse/progression after HCT; in other words, inverse 

of progression‐free survival). Patients either experience 

the event or are censored at the time of last contact. 

Kaplan–Meier survival curves are used to summarize 

these data. The second type of data is the competing risk 

data, which means that the occurrence of one event 

precludes the occurrence of another event. Examples of 

this type include relapse/progression (nonrelapse death 

being the corresponding competing risk). Similar com-

peting risk events include transplant‐related mortality 

(TRM) or nonrelapse mortality (competing with 

relapse), neutrophil and platelet recovery (competing 

with death before engraftment), acute graft‐versus‐host 

disease (GVHD), chronic GVHD, infections, and late 

complications [16]. These data are summarized using 

cumulative incidence function (CIF) to account for the 

competing risk [16].

Intervals and patient selection
Investigators are frequently interested in summarizing 

these outcomes or in comparing the incidence between 

two or more groups of patients. Even though certain 

outcomes are expected to occur preferentially in a given 

post‐HCT interval (e.g., most TRM occurs early), the 

occurrence is still random. Therefore, it is critical to 

handle the “time to event” carefully. To do so, clear 

definition of the starting point is a must. For example, 

even though the HCT date is used as the time origin in 

most studies, if the objective were to compare transplant 

to nontransplant therapies, the date of diagnosis would 

represent the most appropriate starting point [16].

It is also critical to define the “at‐risk” population. 

Patients who have no chance of developing the outcome 

of interest should not be included in the denominator. 

For example, if an investigator wishes to estimate 

the  incidence of death after GVHD, only patients who 

developed GVHD should be included in the study 

population.

Unadjusted comparison
Descriptive studies that only aim to summarize the 

incidence of post‐HCT outcomes can be informative; 

however, most investigators are interested in comparing 

groups of patients. Unadjusted comparison is the 

simplest form of statistical comparative analysis. For this 

analysis we are only interested in crude comparisons of 

the groups. It allows us to better understand the distri-

bution of events as they occur in multiple groups. And 

by comparing the results with subsequent results from 

adjusted comparisons (see next section), we can have a 

better understanding of the relationships between 
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multiple variables, and especially if any covariables 

play  a role in actually determining the outcomes 

(i.e., confounding).

There are three approaches in carrying out this type 

of analysis [16]. The first involves events that occur 

early after transplant, such as engraftment. In this 

situation, we may choose an interval in advance. 

Patients who experience the event in this interval are 

considered a “success” while those who were observed 

for the entire interval but did not develop the event 

would be considered “failures.” The second approach 

involves comparing survival data or competing risk data 

at fixed time points, for example an investigator may be 

interested in comparing survival or TRM at 1 year after 

HCT. In both of these types of analyses, patients with 

incomplete follow‐up data are excluded from the anal-

ysis [16]. The third approach involves comparing the 

entire survival experience for different groups by 

comparing their hazard rates. Here we use a weighted 

log‐rank test [16].

Adjusted comparison
As mentioned above, in unadjusted comparisons 

confounding is a concern. This is especially important 

given that the assignment in retrospective studies (such 

as the analyses conducted within a registry) is not 

random, which means that important risk factors could 

exhibit serious imbalance between groups of interest. If 

there is an observed difference in outcomes between the 

groups, it could be driven by this risk factor imbalance 

(i.e., confounding is said to be present). Regression 

models are used to control for this imbalance. The most 

frequently used regression model is the Cox propor-

tional hazards model. The Cox model uses hazard rate 

to model timing of events. The hazard rate is the chance 

of the event of interest occurring in the next instant of 

time for a patient yet to experience the event. In 

addition to controlling for confounders, Cox models are 

often used in studies aiming to identify prognostic 

factors associated with outcomes of interest. Depending 

on the sample size available for analysis, these studies 

often go on to develop risk scores for clinical decision‐

making [17].

For the results to be valid, the Cox model assumptions 

must be satisfied. The most important assumption is the 

proportionality assumption. When there is clear viola-

tion of this assumption, ways of addressing this issue 

include dividing the post‐HCT course into distinct time 

intervals so that within each interval the proportionality 

assumption holds. Alternatively, when nonproportion-

ality is affecting a specific covariate, we can stratify the 

Cox model on this covariate [18].

The Cox model can be used to analyze survival data 

(death and treatment failure) as well as competing risk 

data. For the latter, it models cause‐specific hazard [19], 

which is defined as the rate at which patients at risk for 

experiencing the event of interest, as well as the competing 

event (e.g., if TRM is the event of interest, relapse/progres-

sion would be the competing risk), actually experience the 

event of interest.

Another approach for analyzing competing risk data 

that is frequently used involves the use of pseudo‐value 

regression [20]. This method allows us to directly model 

the CIF at a fixed time point as well as compare the 

entire cumulative incidence curve [20]. Other methods 

that can directly model the CIF and allow us to compare 

the entire cumulative incidence curve is the subdistribu-

tion hazard model introduced by Fine and Gray [21].

It is important to note that the results of the cause‐

specific Cox model and pseudo‐value regression for 

competing risk data could be quite different [19]. 

Therefore, it is critical that the investigator clearly 

defines the aim of the analysis.

Selected examples from the CIBMTR 
Lymphoma Committee

Diseases such as lymphoma, for which HCT is indicated, 

are uncommon. Diffuse large B‐cell lymphoma (DLBCL), 

the most frequent non‐Hodgkin lymphoma subtype, 

occurs with a frequency of 7.14 per 100,000 persons 

[22]. When we compare the age‐adjusted incidence of 

DLBCL with that of coronary heart disease (17 per 1000 

men aged 35–64 and 44 per 1000 men aged ≥65 years 

[23]), we can appreciate the logistical challenges of 

launching sufficiently powered RCTs that would accrue 

in a timely manner for DLBCL relative to coronary heart 

disease. Indeed, slow accrual was the main barrier that 

led to the premature termination of a comparative bio-

logic assignment prospective trial comparing autologous 

HCT to reduced‐intensity conditioning (RIC) allogeneic 

HCT in patients with chemosensitive follicular lym-

phoma that were beyond their first complete remission 
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[24]. Whereas such an important question was difficult 

to tackle in a prospective setting, it was quite feasible in 

a registry setting [25].

Other examples of studies that can be quite challeng-

ing in an RCT setting but which, with careful statistical 

analyses, could be conducted quite readily within a 

registry setting include evaluation of allogeneic HCT 

outcomes among patients with chemorefractory follic-

ular lymphoma/DLBCL and mantle cell lymphoma 

[26,27], evaluation of the optimal conditioning regimen 

intensity in allogeneic HCT for follicular lymphoma and 

DLBCL [28,29], impact of new drugs that have already 

been widely adopted in routine practice on HCT 

outcomes [30], and evaluation of optimal type [31,32] 

and timing of HCT [32].

It is also well known that not all important clinical ques-

tions lend themselves to randomization. Studies conducted 

within the Lymphoma Committee/CIBMTR have success-

fully addressed a number of these questions. Examples 

include impact of age [33,34], histology [34], race [35,36], 

body mass index [37], donor type [31,38–43], and socio-

economic status on HCT outcomes [36].

Other examples where registry‐based analysis have 

already helped to advance the field include identification 

of risk factors that can independently predict key HCT 

outcomes for patients with Hodgkin lymphoma [17], 

and analysis of HCT outcomes among patients with rare 

types or presenting sites of lymphoma [44–46] or among 

special populations where the incidence of lymphoma is 

especially low, as in children [47].

Furthermore, RCTs are best suited to evaluating short‐ 

and intermediate‐term goals, and since there is a growing 

population of long‐term HCT survivors, there is an urgent 

need to understand how different HCT strategies can 

impact long‐term outcomes such as second malignancies 

and additional risk of late mortality [48,49].

Another important role of observational databases is to 

inform the design of future prospective clinical trials. 

Analyses of these data can provide average estimates of 

baseline rates of key clinical outcomes among the 

population of interest, both overall but also among sub-

groups of special importance. This information can 

greatly inform power calculations and sample size esti-

mates. These analyses can also provide estimates of avail-

able patients for accrual and this can help in planning of 

the trial. Furthermore, by providing data on the pattern 

of occurrence of key events after HCT, the timing of eval-

uating outcomes post HCT among patients enrolled in an 

RCT will be better defined. For example, the primary 

outcome in a Phase III RCT comparing two conditioning 

regimens among patients with DLBCL undergoing autol-

ogous HCT was 2‐year progression‐free survival [50]. 

The choice of 2 years was based on data from the CIBMTR 

that suggested that the hazard for treatment failure (pro-

gression/death) was negligible after 2 years. In a recently 

launched Phase III randomized double‐blind clinical trial 

comparing a novel drug, ibrutinib, to placebo during and 

after autologous HCT in patients with refractory/relapsed 

DLBCL of the activated B‐cell subtype, based on CIBMTR 

data the investigators are estimating that nine patients 

will be accrued per month, and thus with a target accrual 

goal of 296, the protocol includes a 3‐year accrual plan. 

This affects trial budget and administration plans (BMT 

CTN 1201; Timothy Fenske, personal communication, 

April 2014).

Value for young investigators

CIBMTR (and other registries) provide opportunities for 

members of the transplant community to propose and 

conduct studies using registry data. By taking an active 

role in the committees, young investigators can partici-

pate in or even lead a study with an international group 

of senior collaborators. Information about resources 

available and instructions for proposing a study or 

requesting data from the CIBMTR can be found at www.

cibmtr.org/Studies/Observational.

Value for public and other 
stakeholders

In addition to systematic enquiries, the large‐scale reg-

istry data support custom analyses from clinicians, 

patients, and in fact anyone interested in transplant data. 

Any interested party can request CIBMTR data using the 

Custom Information Request Form (inforequest@mcw.

edu). Common requests using this mechanism are for 

descriptive statistics describing populations of interest 

and univariate analyses of survival. Many requests are 

related to patient care and clinical decision‐making.

Conclusion

Given the rarity of diseases treated by HCT, RCTs aiming 

to address critical questions are quite challenging to 

perform, which can be a barrier to advancing the field. 

http://www.cibmtr.org/Studies/Observational
http://www.cibmtr.org/Studies/Observational
mailto:inforequest@mcw.edu
mailto:inforequest@mcw.edu
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Observational databases, such as the CIBMTR, have 

helped overcome this barrier by facilitating rigorous 

scientific evidence‐based assessment of HCT outcomes. 

International collaboration to build and maintain these 

databases is an integral part of the HCT scientific culture 

and has served to facilitate progress in the field.
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Introduction

Autologous and allogeneic hematopoietic stem cell 

transplantation (SCT) are routinely performed in 

patients with lymphoma. Autologous SCT is the most 

common transplant for lymphoma, while allogeneic 

SCT is typically reserved for patients who have failed an 

autologous SCT or who have particularly high‐risk 

relapsed or refractory disease.

The outcomes of autologous and allogeneic SCT in 

patients with lymphoma have improved over time, 

leading to increasing numbers of transplants as well as 

extension of this procedure to older patients. In 

particular, the number of transplants facilitated by the 

National Marrow Donor Program (NMDP) for non‐

Hodgkin lymphoma (NHL) patients older than 50 years 

has significantly increased over the last decade [1]. This 

is attributed to the development of reduced‐intensity 

conditioning (RIC) regimens, improved donor–patient 

HLA matching, and better post‐transplant care.

This chapter provides an overview of indications for 

transplant in lymphoma based on review of the medical 

literature, including comprehensive evidence‐based 

reviews and guidelines from the National Comprehensive 

Cancer Network (NCCN), Center for International 

Blood and Marrow Transplant Research (CIBMTR), 

American Society of Bone Marrow Transplant (ASBMT) 

and NMDP. Because of the heterogeneity of lymphomas, 

transplant indications are discussed according to his­

tology. Table 3.1 summarizes the transplant indications 

in lymphomas.

Hodgkin lymphoma

Approximately 9000 individuals are diagnosed with 

Hodgkin lymphoma (HL) each year in the United States. 

Most patients are diagnosed between the ages of 15 and 

30 years, followed by another peak at age 55 and older 

[2]. Significant progress has been made in the treatment 

of patients with HL, with cure rates of 80% or higher 

using chemotherapeutic approaches [3].

Several studies have shown that high‐dose therapy/

autologous stem cell transplant (HDT/ASCT) should be 

the standard treatment for patients with chemosensitive 

relapsed or refractory HL [4–7]. Using the Deauville 

criteria for the interpretation of interim or end‐of‐

treatment positron emission tomography (PET) [8], the 

NCCN recommendation for patients with a Deauville 

score of 1–3 after second‐line chemotherapy is HDT/

ASCT [9]. For a Deauville score of 4–5, additional 

second‐line chemotherapy followed by restaging is 

recommended. Those with a score of 4 can be treated 

with HDT/ASCT. Patients with disease refractory to 

second‐line chemotherapy who are not chemosensitive 

should be given a trial of brentuximab vedotin prior to 

consideration of HDT/ASCT [9].

Different prognostic models have been used to predict 

outcomes of HDT/ASCT in patients with relapsed or 

refractory disease. Adverse outcomes have been 

identified as associated with short remission duration 

(<12 months), extranodal disease, primary refractory 

disease, B symptoms, bulky disease at diagnosis, and 

detectable disease at transplant [10–12]. Pretransplant 
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functional imaging status has also been identified as an 

independent predictor of outcome [13–15].

Allogeneic SCT with myeloablative conditioning 

(MAC) has been associated with lower relapse rate in 

patients with relapsed or refractory disease; however, its 

use has been limited by high transplant‐related mortality 

(TRM) [16]. The advent of RIC transplants has been 

associated with decreased rates of TRM and has become 

the standard approach, particularly in patients who 

have relapsed after autologous SCT [17,18].

Non‐Hodgkin lymphoma

NHL represents a highly heterogeneous group of lym­

phoproliferative disorders originating in B lymphocytes, 

T lymphocytes, or natural killer (NK) cells. In the United 

States, B‐cell NHL represents 80–85% of cases and T‐cell 

NHL 15–20%; NK cell NHL is rare.

Diffuse large B‐cell lymphoma
The addition of rituximab to combination chemotherapy 

significantly improved outcomes for patients with dif­

fuse large B‐cell lymphoma (DLBCL). Despite this, 

20–50% of patients either relapse or do not achieve a 

remission with first‐line chemotherapy. This has 

prompted several studies investigating the role of HDT/

ASCT as part of upfront consolidation therapy [19–21]. 

Most of these studies were done in the pre‐rituximab 

era. More recently, a SWOG study included patients 

receiving rituximab [22] and demonstrated that upfront 

autologous SCT prolongs progression‐free survival (PFS) 

but not overall survival (OS). In contrast to upfront 

therapy, HDT/ASCT is the standard of care in the setting 

of relapsed disease and is associated with improved OS 

and PFS [23–25]. Patients with chemosensitive disease 

experience response rates of 40–50% and those with 

refractory disease of 10–20% [25,26].

Early studies using allogeneic SCT for DLBCL utilized 

MAC and were associated with high TRM [27–29]. 

Recent studies have reported on both RIC and MAC 

with encouraging results [30–32]. Additional studies 

utilizing only RIC show similar outcome, with lower 

TRM than seen with the use of MAC [33].

Follicular lymphoma
Follicular lymphoma (FL) is the most common subtype 

of indolent NHL and accounts for about 22% of all 

newly diagnosed cases of NHL [34]. Although HDT/

ASCT improves PFS in FL, it is not recommended as 

first‐line treatment because of no significant improve­

ment in OS, a higher incidence of secondary myelodys­

plastic syndrome and acute myeloid leukemia, and a 

lack of comparative data with rituximab‐containing 

regimens [35–38]. Longer follow‐up may be needed to 

identify differences in OS [39]. There are insufficient 

data to make recommendations on the use of auto­

logous SCT versus nontransplantation therapy as sal­

vage treatment for patients who have had rituximab as 

part of their salvage therapy [40].

For patients in remission after second‐line therapy, 

maintenance rituximab can be recommended. However, 

if a patient progressed during or within 6 months of 

first‐line maintenance, the clinical benefit of mainte­

nance in second line is likely minimal. HDT/ASCT is an 

appropriate consolidative therapy for patients in second 

or third remission. HDT/ASCT has been shown to pro­

long OS and PFS in patients with relapsed or refractory 

disease [38,41–43].

There are insufficient data comparing autologous and 

allogeneic SCT to recommend one option over the other 

in relapsed/refractory FL; both appear to have a survival 

Table 3.1  Transplant indications in lymphomas by histology.

Histology HL DLBCL FL MCL PCNSL PTCL

Autologous SCT Consolidate in 

≥CR2, or relapse/

refractory

Consolidate in 

≥CR2, or relapse/

refractory

Consolidate in 

≥CR2, or relapse/

refractory

Consolidate in 

CR1/PR1, or 

relapse/refractory

Consolidate in 

≥CR2, or relapse/

refractory

Consolidate in 

CR1/PR1, or 

relapse/refractory

Allogeneic SCT Relapse/refractory Relapse/refractory Relapse/refractory Relapse/refractory — Relapse/refractory

HL, Hodgkin lymphoma; DLBCL, diffuse large B‐cell lymphoma; FL, follicular lymphoma; MCL, mantle cell lymphoma; PTCL, peripheral T‐cell 
lymphoma; PCNSL, primary central nervous system lymphoma.
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benefit, but have competing risks [44]. Studies have 

shown RIC allogeneic SCT to be an acceptable alternative 

approach [38,45–48].

Histologic transformation to DLBCL
Patients with histologic transformation to DLBCL 

generally have a poor clinical outcome and those 

responding to initial treatment (complete or partial 

response) could be considered for consolidation therapy 

with autologous or allogeneic SCT or a clinical trial [49].

Mantle cell lymphoma
Mantle cell lymphoma (MCL) comprises about 6% of all 

NHL and usually presents as advanced‐stage disease [50]. 

Although the disease is incurable with chemotherapy 

alone, several retrospective and prospective studies have 

shown durable responses with intensive chemotherapies 

containing rituximab and cytarabine followed by HDT/

ASCT [51–57]. Based on these studies, an intensive 

induction chemotherapy followed by autologous SCT in 

first remission is recommended for fit patients.

The effect of HDT/ASCT in salvage settings is less 

clear. Some studies have shown poor outcomes [58,59], 

while others have shown it to be an acceptable option in 

salvage setting [60,61].

Despite therapeutic approaches that utilize rituximab‐

containing intensive chemotherapy followed by autolo­

gous SCT, patients experience relapse. Several studies 

have shown RIC allogeneic SCT to be a feasible and effec­

tive treatment for relapsed disease [47,48,60,62–64].

Burkitt lymphoma
Durable remissions following intensive chemotherapy is 

seen in 60–90% of patients with Burkitt lymphoma 

[65,66]. Autologous and allogeneic SCT are appropriate 

options for patients with Burkitt lymphoma beyond first 

remission and result in comparable outcomes [67,68].

Primary CNS lymphoma
Primary central nervous system (CNS) lymphoma 

accounts for 3% of primary CNS tumors. HDT/ASCT 

can be considered for patients with relapsed/refractory 

disease [69–71].

Peripheral T‐cell lymphoma
Peripheral T‐cell lymphoma (PTCL) accounts for 10% of 

NHL [34]. Prognosis is generally poor due to low response 

rates and less durable responses  to  conventional 

chemotherapy. Several retrospective and prospective 

studies have reported improved outcomes with HDT/

ASCT in first remission [72–75]. While HDT/ASCT 

infrequently results in a durable benefit in patients with 

relapsed/refractory disease, allogeneic SCT has shown 

improved outcomes with both MAC and RIC regimens 

[76–80].

Prognostic tools

Different prognostic tools have been used to predict out­

comes of transplant in patients with lymphoma. Hamlin 

et al. [81] have shown second‐line age‐adjusted interna­

tional prognostic index (aaIPI) as a tool to predict out­

comes of HDT/ASCT in patients with relapsed/refractory 

DLBCL. Similarly, the second‐line aaIPI was also shown 

to predict outcomes in patients with advanced NHL who 

underwent allogeneic SCT [82]. Another useful tool is 

the hematopoietic cell transplantation comorbidity 

index (HCT‐CI), which has been shown to predict risk 

of TRM and survival after autologous and allogeneic 

transplantation [83–85].

Maintenance therapies

Maintenance therapy using rituximab at different time 

points after autologous SCT in MCL has been studied in 

prospective Phase II studies with improved outcome 

[86–89]. The timing, dose, and duration of therapy have 

yet to be determined. Other agents that are currently 

being investigated for potential maintenance therapy 

post transplant in MCL include bortezomib, lenalido­

mide, and ibrutinib. The CORAL study did not show 

benefit from maintenance rituximab after autologous 

SCT in DLBCL [90,91]. Romidepsin and vorinostat are 

being evaluated as maintenance after autologous trans­

plantation in PTCL. The role of maintenance brentux­

imab vedotin after transplantation in patients with HL is 

being studied in the AETHERA trial [92].

Novel therapies

In recent years, multiple targeted therapies for patients 

with lymphoma have been developed. These include, 

but are not limited to, anti‐CD20 monoclonal antibodies 
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(rituximab, obinotuzumab), anti‐CD30 monoclonal 

antibody (brentuximab vedotin), proteasome inhibitors 

(bortezomib), mTOR inhibitors (temsirolimus, everoli­

mus), immunomodulatory agents (lenalidomide), 

Bruton’s tyrosine kinase (BTK) inhibitors (ibruitinib), 

and PI3K inhibitors (idelalisib).

Conclusions

Autologous and allogeneic SCT play a significant role in 

the treatment of patients with lymphoma. With ongoing 

development and integration of novel agents in the 

treatment of lymphoma, the applicability and timing 

of  transplantation in these diseases is continuously 

evolving. At the same time, developments in conditioning 

regimens and maintenance treatments following autolo­

gous and allogeneic SCT should result in improved out­

comes of transplantation in lymphoma.
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Introduction

Upfront chemotherapy protocols for the treatment of 

lymphomas in children, adolescents, and young adults 

(CAYA) achieve some of the highest curative rates of any 

group of malignancies in the field of oncology [1,2]. 

Depending on the specific type of lymphoma as well as 

the biological and clinical characteristics of the individual 

presentation, long‐term event‐free survival (EFS) rates 

for CAYA range from 75 to 95%. However, despite these 

promising statistics, the long‐term survival for those 

patients with refractory or relapsed lymphoma is dismal. 

For these patients in particular, many of whom are 

essentially incurable with conventional chemotherapy, it 

is imperative to define the optimal combination of hema-

topoietic stem cell transplantation (HSCT) strategies with 

novel targeted agents.

Lymphomas are the third most common malignancy of 

childhood (after leukemias and brain tumors) and the 

most common malignancy of adolescence. While Hodgkin 

lymphoma (HL) is the most common lymphoma in CAYA, 

a variety of non‐Hodgkin lymphomas (NHL) also occur 

frequently including Burkitt lymphoma (BL), lympho-

blastic lymphoma (LBL), diffuse large B‐cell lymphoma 

(DLBCL), anaplastic large‐cell lymphoma (ALCL), and 

primary mediastinal B‐cell lymphoma (PMBL) [3]. While 

BL and DLBCL have considerable overlap in their clinical 

presentation and response to treatment, the other 

lymphomas listed have distinct clinical characteristics, 

require disease‐specific treatment approaches, and are best 

discussed as individual entities rather than clumped under 

one umbrella classification. In general, newly diagnosed 

lymphomas are highly curable with treatment protocols 

based on chemotherapy combined with targeted mono-

clonal antibody‐based immunotherapy. Certain subsets of 

patients with HL will require radiation therapy as well. 

Ultimately though, excellent outcomes are achieved for 

CAYA with newly diagnosed lymphoma [1–3].

HSCT in pediatric lymphomas is generally reserved as 

a strategy for patients with refractory or relapsed disease. 

The role of HSCT has evolved over the years as the 

upfront treatment protocols have become progressively 

more effective. Thirty years ago, when the EFS rates for 

pediatric lymphomas were below 50%, high‐dose che-

motherapy with autologous HSCT (auto‐HSCT) was 

effective in salvaging some patients to achieve curative 

outcomes, most likely due to the fact that patients were, 

in retrospect, undertreated at the onset of their original 

diagnosis. However, over the past three decades, as 

the  upfront therapies for pediatric lymphoma have 

become progressively more intensive and the success 

rates have effectively doubled, it has become increas-

ingly more difficult to salvage relapsed and refractory 

disease by simply administering high‐dose chemo-

therapy followed by auto‐HSCT (Tables 4.1 and 4.2) [4]. 

This has led to the utilization of alternative treatment 

strategies including allogeneic HSCT (allo‐HSCT) for 

certain patients with the goal of achieving a graft‐versus‐

lymphoma (GVL) effect that could potentially maintain 

a lifelong remission for patients with high‐risk disease.
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Principles of autologous and 
allogeneic HSCT in pediatric 
lymphomas

High‐dose chemotherapy followed by auto‐HSCT is a 

cornerstone for the treatment of pediatric malignancies 

that are chemosensitive but otherwise incurable with 

conventional doses of chemotherapy. It is well established 

that the majority of patients with refractory and/or 

relapsed lymphomas fail to achieve long‐term curative 

outcomes with conventional chemotherapy. The only 

exceptions to this general rule are patients with late 

relapse, and those who initially present with early‐stage 

lymphomas treated with minimally intensive upfront 

protocols that are designed with the understanding that 

relapse can still be salvaged with curative intent using 

conventional‐dose chemotherapy.

Starting as early as the late 1970s, high‐dose che-

motherapy with auto‐HSCT has demonstrated the 

capacity to achieve long‐term remission in children 

with relapsed lymphoma. Building on the foundation 

of early encouraging results, regimens have utilized 

chemotherapeutic agents such as carmustine, etopo-

side, cytarabine, melphalan, cyclophosphamide/ifosfamide, 

and platinum‐based agents. However, while high‐dose 

chemotherapy followed by auto‐HSCT has historically 

been, and still remains, the standard approach for 

CAYA with chemosensitive refractory and/or relapsed 

lymphomas, the success rates for auto‐HSCT in this 

group of patients have dwindled over the years. As the 

upfront regimens have intensified over time, it has 

become apparent that treating relapse with higher 

doses of chemotherapy is insufficient to overcome the 

inherent chemotherapy resistance that develops in 

refractory and relapsed lymphoma. So although the 

overall response rates to auto‐HSCT are relatively 

high, maintaining long‐term remission in patients is a 

formidable challenge.

Determining which patients may achieve excellent 

long‐term results with auto‐HSCT is critical to defining 

the optimal treatment strategies for patients with 

relapsed/refractory disease. While primary refractory 

Table 4.1  Comparison of survival rates for children, adolescents, and young adults with refractory/relapsed Hodgkin lymphoma 
receiving high‐dose chemotherapy and autologous HSCT in multiple cohorts: independent risk factors for relapse determined by 
individual studies. 

Baker et al. [13] Harris et al. [14] Lieskovsky et al. [15] Williams et al. [16] Claviez et al. [17]

Years of cohort 1984–1996 1998–2002 1989–2001 pre‐1992 1987–2003

No. of patients 53 39 41 53 74

EFS/FFS/PFS (%) 31 45 53 39 50

Survival (years) 5 3 4 3 5

Risk factors for  

relapse

Early relapse

Chemoresistance

Early relapse

Chemoresistance

Refractory disease

Advanced stage

Refractory disease

Chemoresistance

Early relapse

Chemoresistance

Multiple relapse

EFS, event‐free survival; FFS, failure‐free survival; HSCT, hematopoietic stem cell transplantation; PFS, progression‐free survival.

Table 4.2  Comparison of survival rates for children, adolescents, and young adults with refractory/relapsed non‐Hodgkin 
lymphoma receiving high‐dose chemotherapy and autologous HSCT in multiple cohorts.

Type of NHL LBL LBL ALCL DLBCL BL Mature B‐cell NHL All NHL

Reference Levine et al. 

[34]

Gross et al. 

[35]

Gross et al. 

[35]

Gross et al. 

[35]

Gross et al. 

[35]

Philip et al.  

[50]

Ladenstein et al. 

[51]

Harris et al. 

[14]

Years of cohort 1989–1998 1990–2005 1990–2005 1990–2005 1990–2005 1984–1987 1979–1991 1998–2002

No. of patients 128 14 24 35 17 14 89 39

EFS/FFS/PFS (%) 39 4 35 52 27 27 39 45

Survival (years) 5 5 5 5 5 4 5 3

ALCL, anaplastic large‐cell lymphoma; BL, Burkitt lymphoma; DBLCL, diffuse large B‐cell lymphoma; EFS, event‐free survival; FFS, failure‐free survival; 
HSCT, hematopoietic stem cell transplantation; LBL, lymphoblastic lymphoma; NHL, non‐Hodgkin lymphoma; PFS, progression‐free survival.



Chapter 4: Hematopoietic stem cell transplantation for lymphoma      33

lymphoma is nearly a universally poor prognostic factor, 

various other clinical factors also increase the risk for 

failure of auto‐HSCT including early time to relapse, 

chemoresistant disease, advanced stage presentation at 

relapse, multiply relapsed disease, and having received 

more intensive upfront treatment regimens.

Despite the integration of novel targeted immuno-

therapies, most notably the anti‐CD20 monoclonal anti-

body rituximab in the treatment of mature B‐cell 

lymphomas, significant improvements in the ultimate 

curative outcomes of relapsed/refractory patients 

treated with auto‐HSCT have not materialized. 

Therefore, based on the experience in curing otherwise 

incurable hematologic malignancies such as leukemia 

with allo‐HSCT, as well as the efficacy of allo‐HSCT in 

adult lymphomas [5], treatment paradigms built on the 

allogeneic GVL effect have been constructed for CAYA 

as well. As early as the 1990s, a potential GVL effect had 

been described in lymphoma patients receiving allo‐

HSCT [6]. Its effect has been deduced primarily from 

three main principles: the significantly lower relapse 

rate in lymphoma patients receiving allo‐HSCT versus 

auto‐HSCT, the lower relapse rates in those patients 

who developed graft‐versus‐host disease (GVHD) post 

allo‐HSCT, and the established efficacy of donor lym-

phocyte infusions (DLI) in reinducing remissions in 

patients who relapse post transplant [7].

The main drawback of utilizing allo‐HSCT in patients 

with relapsed/refractory lymphoma has historically 

been excessive transplant‐related mortality (TRM) and/

or nonrelapse mortality (NRM) rates. Despite the 

reduced rates of lymphoma relapse post allo‐HSCT, the 

unfavorably high TRM often resulted in equivalent 

overall survival (OS) rates when comparing autologous 

versus allogeneic HSCT [8]. However, TRM rates of 

patients undergoing allo‐HSCT continue to decline sig-

nificantly in the modern era for the following reasons: 

significant advances have been achieved in (i) supportive 

care measures, (ii) the prevention, detection and 

management of opportunistic infections and GVHD, and 

(iii) the refining of conditioning regimens and hemato-

poietic stem cell processing. In the contemporary era, with 

success rates of matched unrelated donor allo‐HSCT 

nearing that of matched sibling donors, there is much hope 

that allo‐HSCT will be utilized to reach greater numbers of 

patients that can benefit from its unique therapeutic 

potential. Certainly, some of the controversy in analyzing 

the data on allo‐HSCT in pediatric lymphoma arises from 

the clouding of historical data, as many of the large‐scale 

analyses of bone marrow transplant registry data have 

included broad populations of patients usually spanning 

time periods of more than 10–15 years. While this 

information is important and useful in directing treatment 

strategies, results of patients treated more than 15 years 

ago may not accurately reflect the benefits of contemporary 

advances in transplant medicine. With all of this in mind, 

we will examine the data and current HSCT therapeutic 

strategies for the most common childhood and adolescent 

lymphomas.

Hodgkin lymphoma

Upfront treatment regimens utilizing chemotherapy 

with or without radiation therapy for HL achieve long‐

term EFS rates ranging from 75 to 95% depending on 

risk stratification [2,3]. However, prog nosis for recurrent 

HL varies widely based on multiple clinical factors. 

Consequently, the decision to use autologous or even 

allogeneic HSCT as a therapeutic strategy for refractory 

and relapsed disease is open for debate. Ultimately, 

determining prognostic risk factors for those patients 

with refractory/relapsed disease is the most important 

step in selecting the optimal treatment approach to 

improve the long‐term curative rates for this very high‐

risk subset of patients.

While it is widely accepted that primary refractory HL 

is virtually incurable with conventional doses of chemo-

therapy, the treatment approach for CAYA with relapsed 

HL is not as clear‐cut. In theory, late relapse can be 

salvaged with chemotherapy, while patients with early 

relapse (defined as <12 months after completion of 

therapy) fare poorly with nontransplant regimens [9]. 

Schellong et al. [9] published one of the largest reports 

on refractory/relapsed pediatric HL, showing that 

patients who experienced late relapse (defined as >12 

months after completion of therapy) achieved a disease‐

free survival (DFS) of 86%, without requiring an auto‐

HSCT. However, it is important to point out that patients 

were enrolled on this study between 1986 and 2003 

(17 years). And while the time to relapse was the most 

important risk factor for failure to achieve DFS and OS, 

the second most important determinant was the 

intensity of the initial chemotherapy regimen [9]. 

Receiving upfront chemotherapy regimens with etopo-

side and procarbazine (i.e., more intensive regimens) 
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was a statistically significant risk factor that adversely 

affected both DFS and OS [9]. Similar to the scenario 

with childhood NHL, as the primary therapies for HL have 

become progressively more intensive (and effective), data 

has surfaced revealing discouraging long‐term outcomes 

for those relapsed patients in the modern era. For adult 

patients with relapsed HL, the standard approach involves 

high‐dose chemotherapy and auto‐HSCT [10,11]. While 

a definitive randomized controlled trial in CAYA with 

relapsed HL is lacking, in the contemporary era, for those 

patients who fail intensive upfront chemotherapy regi-

mens, strong consideration should be given to utilizing an 

auto‐HSCT in the setting of a chemosensitive relapse [12].

The largest reports on auto‐HSCT for relapsed and 

refractory HL in CAYA yield long‐term curative rates 

ranging from 31 to 53% (Table  4.1) [13–17]. Thus 

although a significant number of patients are long‐term 

survivors with this approach, the majority of patients 

still remain uncured. Part of the challenge in interpret-

ing this data is the wide heterogeneity of the patient 

populations. While the actuarial 5‐year failure‐free 

survival (FFS) for the 53 patients in the study by Baker 

et al. [13] was only 31%, Lieskovsky et al. [15] reported 

5‐year EFS of 53% for 41 pediatric patients. However, it 

is important to note that the discouraging results 

reported by Baker et al. included a cohort of patients in 

which half were characterized by multiply relapsed or 

refractory disease. Meanwhile, the favorable results for 

Lieskovsky’s group may be reflected in the higher 

proportion of late relapses in their cohort. The median 

duration of initial remission among their patients was 

23.5 months, indicating that the majority of their cohort 

experienced a late relapse. Ultimately, each patient with 

relapsed HL should be evaluated for their individualized 

clinical scenario, weighing in the presence of the var-

ious clinical characteristics known to influence the risk 

for further treatment failure.

A number of studies have attempted to shed light on 

the clinical characteristics associated with poor outcomes 

despite auto‐HSCT. The one consistent clinical group 

experiencing low EFS rates despite auto‐HSCT are those 

patients with primary refractory disease [9,15,16]. 

However a number of other clinical factors are also asso-

ciated with poor long‐term EFS despite auto‐HSCT. 

These ultra‐high‐risk patients include those experiencing 

early relapse within 12 months of completing the 

original therapy [9,18] – a group of patients characterized 

by reported risk ratios for treatment failure of 3.1 [13] 

and an OS of 34% [14]. Additionally, patients with che-

moresistant disease, usually defined as failure to achieve 

at least partial remission with reinduction chemotherapy, 

exhibit dismal outcomes with EFS rates below 10% 

[13,14,17]. Other risk factors that were consistently 

associated with poor outcomes in the above studies 

included advanced stage presentation of relapse 

(including extranodal involvement and the presence of 

bulky disease) and patients presenting with multiply 

relapsed disease.

To summarize the role of auto‐HSCT for HL in CAYA, 

it is important to emphasize the need for critical 

evaluation of each individual clinical scenario. Auto‐

HSCT has the potential to cure a large percentage of 

young patients with relapse in the setting of favorable 

clinical risk factors. On the other hand, based on all the 

data reviewed above, the ultimate curative outcomes 

for patients with high‐risk clinical characteristics are 

well below 30% despite the use of high‐dose chemo-

therapy and auto‐HSCT. Those high‐risk features in the 

contemporary era of intensive upfront treatment regi-

mens for HL include (i) primary refractory disease, 

(ii)  early relapse within 12 months of completing 

original therapy, (iii) multiply relapsed disease, (iv) 

relapse with chemorefractory disease (i.e., failure to 

achieve at least partial remission with reinduction 

chemotherapy), and (v) relapse presentation with 

advanced‐stage disease. On critical analysis of the avail-

able data in the literature, patients presenting with any 

of the above five high‐risk scenarios have a low 

likelihood of achieving long‐term cure with auto‐HSCT, 

and therefore require novel therapeutic approaches.

Allo‐HSCT has traditionally been utilized in the 

setting of multiply relapsed HL, notably after failure of 

auto‐HSCT. Because of extremely high rates of TRM 

without any advantage in OS, allo‐HSCT was histori-

cally reserved as a last‐ditch effort [19]. However, with 

the advent of reduced‐intensity conditioning (RIC) 

regimens and the significant reductions in TRM with 

modern advances in HSCT, this treatment approach 

has been revisited in adults with high‐risk HL with 

cautiously optimistic results [20]. RIC regimens have 

been mostly based on fludarabine–melphalan and 

fludarabine–busulfan backbones. The largest cohort of 

adult HL patients treated with RIC allo‐HSCT included 

285 very heavily pretreated patients with high per-

centages of multiply relapsed and chemorefractory 

disease. Despite the overwhelming odds against 
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treatment success, the 2‐year progression‐free survival 

(PFS) was 29% [21]. The largest adult HL prospective 

clinical trial included 78 patients with multiply relapsed 

disease that received allo‐HSCT. The 4‐year PFS was 

24%, while the NRM was 15% at 12 months [22]. 

More recently, Thomson et al. [23] reported extremely 

favorable results utilizing allo‐HSCT for a smaller 

cohort of 25 patients, 20 with refractory disease and 

four with early relapse. This adult cohort exhibited 

80% chemosensitive disease with reinduction chemo-

therapy, and utilized fludeoxyglucose positron emission 

tomography (FDG‐PET) as the major imaging modality 

to determine the clinical response. The 3‐year PFS was 

68% in this high‐risk group of patients. Ultimately, 

these modest PFS rates in patients who had failed mul-

tiple prior treatment modalities including auto‐HSCT, 

as well as the more recent data using allo‐HSCT as the 

initial salvage strategy, together offer a glimmer of 

hope for the potential of allo‐HSCT to cure high‐risk 

refractory/relapsed HL.

The modest success of allo‐HSCT in refractory/

relapsed HL in adults has been conceptually re‐enforced 

by evidence of a GVL effect. The larger cohorts of adult 

HL allo‐HSCT recipients demonstrated a lower risk of 

relapse in patients who developed GVHD [20–22]. 

Meanwhile, Peggs et al. demonstrated a significant 

response rate for patients receiving DLI in two separate 

studies. In one study, they gave DLI in the setting of 

post‐allo‐HSCT progression or mixed chimerism; 56% 

of 19 patients showed a significant response [24]. In 

their other study, 46 patients received DLI due to relapse 

(N = 24) or mixed chimerism (N = 22) post allo‐HSCT, 

achieving a significant reduction in relapse rate and 

durable antitumor response [25].

Building on the experience in treating refractory/

relapsed HL in adults with allo‐HSCT, Claviez et al. [26] 

performed a retrospective analysis of the European 

experience treating refractory/relapsed HL in children 

and adolescents. In total, 91 patients received allo‐HSCT 

for refractory/relapsed HL; 51 received a RIC allo‐HSCT, 

the other 40 received a myeloablative conditioning 

(MAC) regimen. NRM was 21% at 1 year; PFS was 30% 

at 5 years. However, this was a broad cohort of patients 

receiving allo‐HSCT between 1987 and 2005. Notably, 

patients transplanted in the contemporary era (since 

2001) with chemosensitive disease had a 3‐year PFS of 

60%. While this study did not demonstrate a reduction in 

risk associated with GVHD, it does shine an encouraging 

light on the tolerability of allo‐HSCT in CAYA and its 

curative potential for patients with high‐risk disease.

More recently, Satwani et al. [27] reported on a multi-

center prospective trial for refractory/relapsed lymphoma 

in CAYA utilizing a tandem approach with MAC chemo-

therapy (carmustine/etoposide/cyclophosphamide) plus 

auto‐HSCT followed by RIC (busulfan/fludarabine) allo‐

HSCT. Eligibility for HL required primary refractory 

disease, early relapse (excluding patients with no prior 

therapy or radiation only), or late relapse with advanced 

stage disease. Sixteen patients with HL were enrolled; 13 

proceeded to receive the tandem auto/allo‐HSCT. Among 

the 16 enrolled patients, the 10‐year EFS was 56.4%. The 

incidence of TRM for patients receiving the tandem auto/

allo‐HSCT was 12%, with 22% grade II–IV acute GVHD 

and 13% chronic GVHD.

Ultimately, although this cohort of patients is small, 

data from this prospective study, coupled with the 

encouraging recent results from the European data, 

offers promising evidence that certain very high‐risk 

patients can achieve formidable curative outcomes with 

RIC and allo‐HSCT despite historically dismal 

precedents.

Lymphoblastic lymphoma

LBL is the second most common NHL in CAYA. 

Characterized by overall EFS rates of 75–80%, lympho-

blastic lymphoma is derived from T cells in the vast 

majority of cases [1,28]. While it resides on a spectrum 

of disease akin to, but biologically different from, acute 

lymphoblastic leukemia (ALL), patients with both T‐cell 

ALL and T‐cell LBL are generally treated on the same 

upfront treatment protocols. Contemporary regimens 

are largely based on high‐risk ALL chemotherapy back-

bones, adding in high‐dose methotrexate, aggressive 

intrathecal chemotherapy, as well as usually including 

cranial radiation therapy to attenuate the increased risk 

for central nervous system (CNS) relapse as well as the 

high prevalence of CNS‐positive disease [29].

HSCT for patients with LBL is essentially reserved for 

patients with refractory and relapsed disease. Very little 

is published about the long‐term outcomes of patients 

with refractory/relapsed disease. The Berlin–Frankfurt–

Muenster (BFM) group has published the largest and 

most relevant contemporary report. Of 324 patients 

with LBL enrolled in BFM trials between 1990 and 
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2003, there were 34 patients that experienced relapse, 

28 with T‐cell LBL and six with B‐cell LBL. Of these 34, 

only 12 were able to achieve a second remission. 

Ultimately, only five were alive in long‐term remission; 

all five received an allo‐HSCT. The overall survival for 

patients with relapsed LBL was 14%. While the long‐

term outcomes for patients with refractory/relapsed 

LBL are dismal in the modern era, it is notable that 5 of 

12 patients that received an allo‐HSCT were able to 

achieve long‐term remissions (ranging from 48 to 131 

months) [30]. Data from Memorial Sloan Kettering 

Hospital in New York demonstrated similar results for 

another small cohort of 12 patients with refractory/

relapsed LBL, 11 of whom received allo‐HSCT, with one 

patient receiving auto‐HSCT. The 10‐year OS and DFS 

were 50%; the single patient that received auto‐HSCT 

died of TRM [31]. Outcomes for patients with relapsed 

T‐cell ALL are very similar [32,33].

The largest study evaluating the use of HSCT in 

pediatric LBL compared 128 patients receiving auto‐

HSCT with 76 patients receiving allo‐HSCT [34]. It is 

challenging to apply the results from this retrospective 

registry data to modern‐day clinical practice because 

this cohort of patients received HSCT between 1989 

and 1998 (i.e., 15–25 years ago). Ultimately, the most 

poignant data reported in this study demonstrated 

significantly higher relapse rates of 56% in children 

receiving auto‐HSCT versus 34% in allo‐HSCT recipi-

ents. Nonetheless, the long‐term DFS was similar for 

the two groups (39% auto‐HSCT vs. 36% allo‐HSCT) 

because TRM was exceptionally high in those patients 

receiving allo‐HSCT (18% vs. 3%) [34]. However, a 

retrospective analysis of the Center for International 

Blood and Marrow Transplant Research (CIBMTR) 

registry data for CAYA undergoing HSCT for 

refractory/relapsed lymphoma revealed significantly 

higher 5‐year EFS among 53 patients with LBL 

receiving allo‐HSCT versus auto‐HSCT (40% vs. 4%) 

[35]. Thus while the data for LBL in CAYA is not 

robust, it is generally accepted that patients with both 

refractory and relapsed disease are at extremely high 

risk for recurrence and the standard of care is to 

attempt reinduction to achieve remission followed by 

allo‐HSCT. Unlike the RIC approach utilized in HL, 

MAC regimens are still the standard of care for allo‐

HSCT in LBL, with current debates focusing on 

whether or not to utilize total body irradiation (TBI)‐

containing regimens.

Anaplastic large‐cell lymphoma

ALCL is the fourth most common NHL in CAYA, 

accounting for approximately 10% of cases [1]. Typically 

originating from T lymphocytes, a small portion of ALCL 

can have a null‐cell immunophenotype. ALCL is charac-

terized by a translocation of the ALK gene in more than 

90% of CAYA. Upfront regimens with alternating combi-

nations of chemotherapy have reported 2‐ to 5‐year EFS 

rates ranging from 66 to 76% [1,28]. While patients with 

refractory disease and those who relapse on therapy 

both have very poor long‐term prognoses, many ques-

tions still prevail about the patterns of behavior for 

relapsed ALCL. Widely variable salvage treatment 

approaches have yielded both favorable and unfavorable 

results. Ranging from long‐term single‐agent weekly 

vinblastine, to combination reinduction chemotherapy, 

to MAC chemotherapy followed by auto‐HSCT or even 

allo‐HSCT, many different approaches have been used 

in  patients with relapsed ALCL [36]. Unfortunately, 

the data is difficult to interpret because the cohorts of 

patients reported in the literature are not large and there 

is considerable variation within each group with regard 

to the clinical nature of the relapse presentation as well 

as the initial therapeutic regimens received [36].

The European experience with ALCL in France and 

Germany has identified specific risk factors that are 

associated with poor prognosis for relapsed patients. 

Similar to HL, time to relapse is crucial, with those 

patients relapsing within 12 months of diagnosis having 

significantly lower long‐term DFS than those with later 

relapse: 28% versus 68% in the French cohort, and 

25% versus 66% in the German study [37,38]. For 

those patients who relapse while on therapy, there are 

very few reported survivors in the literature, all of them 

ultimately having received allo‐HSCT. Other poor risk 

factors associated with relapse include multiply relapsed 

disease and advanced stage presentation (with CNS 

or  bone marrow involvement) [36]. On the other 

hand, patients with CD3‐negative ALCL seem to have a 

favorable prognosis [38].

The treatment dilemma for refractory/relapsed 

ALCL is similar to that for HL. Those patients with 

favorable‐risk relapse have a formidable chance to be 

cured utilizing auto‐HSCT. For patients with refractory 

disease or high‐risk relapse (i.e., early relapse and 

recurrence with stage IV disease), chances for long‐

term curative outcomes with auto‐HSCT are slim. 



Chapter 4: Hematopoietic stem cell transplantation for lymphoma      37

Therefore, alternative approaches must be considered 

for this high‐risk subset of patients. The BFM group 

recently reported encouraging results from a trial uti-

lizing allo‐HSCT for refractory or early relapsed ALCL 

in children and adolescents. Twenty patients received 

TBI‐based MAC regimens; there were eight matched 

sibling donors, eight unrelated donors, and four hap-

loidentical family donors. EFS at 3 years was 75% in 

this group of patients with extremely high‐risk dis-

ease. Notably, all five patients who had relapsed after 

auto‐HSCT survived disease‐free [39]. Their experi-

ence has been corroborated by smaller case series of 

patients treated with allo‐HSCT in the United States, 

Italy, and Japan [27,40,41]. Additionally, CIBMTR 

registry data also demonstrated that CAYA with 

refractory/relapsed ALCL had a lower rate of relapse 

after allo‐HSCT (20%, N = 12) versus auto‐HSCT 

(48%, N = 24), although this finding did not reach 

statistical significance [35].

Based on the available data, the European Inter‐

Group for Childhood NHL (EICNHL) created a 

prospective clinical trial for relapsed ALCL risk‐stratified 

into three groups. The highest risk patients include 

those with refractory disease or CD3‐positive ALCL in 

first relapse and they are recommended to undergo allo‐

HSCT. Auto‐HSCT is recommended for CD3‐negative 

ALCL in early relapse, while those with CD3‐negative 

disease experiencing late relapse are to receive 2 years 

of monotherapy with vinblastine [36]. Results from this 

prospective trial will be invaluable to help design the 

ideal treatment approach for CAYA with refractory and 

relapsed ALCL.

Mature B‐cell lymphomas: Burkitt 
lymphoma, diffuse large B‐cell 
lymphoma, and primary mediastinal 
B‐cell lymphoma

Mature B‐cell lymphomas account for nearly two‐thirds 

of NHL in CAYA [1]. BL is the most common,  represent-

ing nearly 40% of NHL in CAYA throughout the world. 

In sub‐Saharan Africa, BL is the most common 

childhood cancer overall and represents up to one‐third 

to half of pediatric oncology diagnoses. DLBCL accounts 

for approximately 20% of NHL in CAYA. The two dis-

eases have considerable clinical and biological overlap; 

both are considered aggressive B‐cell NHL and respond 

similarly to treatment. CD20 antigen expression is 

characteristic of these mature B‐cell lymphomas and 

targeted immunotherapy with the monoclonal antibody 

rituximab has become an important part of modern day 

chemoimmunotherapy protocols.

The most recent Children’s Oncology Group (COG) 

protocol for BL and DLBCL integrated rituximab into 

the standard French–American–British/Lymphomes 

Malins B (FAB/LMB) backbone chemotherapy with 

outstanding results. Probability of EFS at 3 years for 

patients with group B intermediate risk disease was 

93% [42]. Even patients with group C high‐risk disease, 

defined as having CNS involvement and/or more than 

25% bone marrow involvement, achieve long‐term EFS 

rates of 79% with the FAB/LMB backbone bolstered by 

the addition of high‐dose methotrexate and cytarabine 

to the regimen [43]. PMBL was once thought of as an 

uncommon variant of DLBCL, but has recently been 

characterized by genomic profiling as a biologically dis-

tinct disease [44]. While patients with PMBL did not 

fare as well as those with BL or DLBCL in the aforemen-

tioned FAB/LMB chemotherapy protocols, recent data 

has shown that EFS rates of 93% can be achieved 

in  CAYA using a dose‐adjusted EPOCH (etoposide, 

prednisone, vincristine, cyclophosphamide, doxorubicin)–

rituximab protocol without radiotherapy [45,46]. 

Undoubtedly, these mature B‐cell lymphomas carry 

some of the best prognoses in all of oncology.

The biggest challenge in the management of CAYA 

with mature B‐cell NHL is the treatment approach to 

patients with refractory and relapsed disease. As the 

upfront protocols have improved over the past few 

decades to achieve greater than 90% curative rates, sal-

vaging patients with refractory/relapsed disease has 

become inordinately difficult. Long‐term data for 

patients who relapsed after treatment on the US collab-

orative group CCG protocols revealed OS rates of only 

12% [47]. Shorter 1‐year probability of OS for all 

patients with relapsed/refractory mature B‐cell NHL 

treated on the recent FAB/LMB 96 protocol was 28% 

[48]. Data from the FAB/LMB 96 high‐risk study 

revealed probability of 4‐year OS of 16% for those with 

progressive or recurrent disease [43]. In a smaller cohort 

from Austria/Germany, of nine children with refractory/

relapsed mature B‐cell NHL, all but one died from pro-

gressive disease [49]. These extremely low rates of 

survival reflect the enormity of the challenge in curing 

patients with refractory/relapsed disease.
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Reports on outcomes for patients with refractory/

relapsed B‐cell NHL who undergo HSCT are extremely 

difficult to interpret. While contemporary reports reveal 

dismal outcomes despite autologous and allogeneic HSCT, 

large registry data analyses that include patients dating 

back 20 years sometimes project optimism that may not 

be relevant in the modern era. Philip et al. [50] reported 

on the French experience with 27 cases of relapsed 

mature B‐cell NHL during the period 1984–1987. Twelve 

patients received conventional chemotherapy without 

HSCT; all of them died. Fifteen patients received HSCT 

(14 auto, 1 allo) and their probability of OS was 27%. Of 

the four survivors, two had isolated CNS relapse, one 

had a localized relapse, and the fourth had systemic 

relapse. All the survivors relapsed within the first year 

after diagnosis. Ladenstein et al. [51] reported on 

European transplant registry data utilizing auto‐HSCT 

for refractory/relapsed B‐cell NHL spanning the years 

1979–1991. These data are extremely difficult to apply 

to the modern era because of the outdated time period 

in which the study took place. They reported contin-

uous complete remission (CR) in 39% of patients, but 

the authors emphasized in the discussion that among 

patients originally treated with the more intensive LMB 

86/89 protocols (in which high‐dose methotrexate and 

cytarabine were given), there were no long‐term survi-

vors despite auto‐HSCT. Additionally, the data from 

Memorial Sloan Kettering recapitulates these poor out-

comes. In their cohort there were nine patients with 

refractory/relapsed B‐cell NHL, five with BL and four 

with DLBCL. Five patients received auto‐HSCT, and 

four received allo‐HSCT (two with BL and DLBCL each). 

None of the BL patients survived, and two of four with 

DLBCL were long‐term survivors. The paper does not 

indicate which type of HSCT the survivors received, 

although the numbers are too small to make any defin-

itive conclusions [31].

There is one single prospective trial evaluating the use 

of auto‐HSCT in CAYA with lymphoma; however, the 

data for patients with NHL includes BL, DLBCL, LBL 

and ALCL, and unfortunately the report does not discuss 

details about which types of NHL ultimately survived. 

The 3‐year EFS for patients with NHL was below 30%. 

Of the 30 children enrolled with NHL, only 10 proceeded 

to receive the high‐dose chemotherapy plus auto‐HSCT, 

and ultimately only seven survived. The NHL patients 

enrolled in the study included five with ALCL which, as 

discussed earlier, especially if presenting with a late 

relapse, can have very promising outcomes with auto‐

HSCT [14]. Nonetheless, one finding that was consistently 

reported by all the above studies was the importance of 

performing HSCT in patients with chemosensitive disease. 

Throughout all the reports, patients receiving HSCT in 

either CR or partial remission had statistically superior 

outcomes compared to patients with stable, progressive, 

or refractory disease.

The retrospective CIBMTR registry data analysis 

examined outcomes for CAYA receiving either autolo-

gous or allogeneic HSCT for refractory and relapsed NHL 

between 1990 and 2005. For 35 patients with DLBCL 

treated with auto‐HSCT, the probability of 5‐year EFS 

was 52%, while for 17 patients with BL receiving auto‐

HSCT the EFS was only 27%. Interestingly, there was 

no statistically significant difference in EFS for patients 

receiving allo‐HSCT, despite the TRM rates between 

auto‐HSCT and allo‐HSCT being comparable [35]. The 

authors discussed some of the challenges in interpreting 

retrospective registry data, stating that although they 

deliberately started the cohort analysis in 1990 with the 

goal of capturing mostly those patients treated with 

contemporary high‐intensity chemotherapy regimens 

upfront, the lack of detail in registry data regarding 

frontline regimens does present a limitation. 

Furthermore, patients were more likely to receive auto‐

HSCT in the earlier years of the cohort, a time period 

more likely to coincide with less intensive upfront che-

motherapy regimens, and perhaps a higher likelihood of 

being salvaged with HSCT. Nonetheless, as the largest 

analysis of HSCT in childhood and adolescent NHL, the 

information is valuable.

Retrospective data from Spain for patients treated in 

the 1980s revealed very similar outcomes, comparing 

autologous and allogeneic HSCT for children with 

refractory/relapsed B‐cell NHL. However, the vast 

majority of their cohort received older less intensive 

frontline chemotherapy regimens and therefore the data 

are really not applicable to patients being treated nowa-

days [52]. This ultimately raises an important question: 

in light of the dismal outcomes for patients with 

refractory/relapsed disease despite auto‐HSCT, is there a 

GVL effect that can be optimized in mature B‐cell lym-

phomas via alloHSCT? Although the retrospective 

CIBMTR data would argue against it, extrapolation from 

the adult experience with DLBCL [53,54], as well as the 

evident GVL benefit in LBL and ALCL, serves as 

motivation to continue to pursue definitive answers. In 
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the cohort of patients reported by Satwani et al. [27] uti-

lizing tandem autologous then allogeneic HSCT, there 

were eight patients with refractory/relapsed mature B‐cell 

NHL. Although the numbers are low, five of eight achieved 

long‐term CR (1.9–8.8 years), with all three of the patients 

who relapsed doing so after auto‐HSCT.

Ultimately, clinicians must make a critical assessment 

of the individual patient’s risk profile, prior therapies 

received, and the lymphoma’s sensitivity to chemo-

therapy. As indicated by the various aforementioned 

studies, long‐term survival in mature B‐cell NHL 

patients with refractory or relapsed disease in the 

modern era is meager. In the absence of novel therapies 

with curative potential at present, novel approaches to 

therapy are desperately needed. In this setting, nonstan-

dard approaches including the use of allo‐HSCT in hopes 

of driving a GVL effect may be indicated.

Future directions

As detailed in this review of the literature on refractory 

and relapsed lymphomas in CAYA, curative outcomes 

are uncommon for the vast majority of patients receiving 

standard treatment strategies. Undoubtedly, novel 

directions are desperately needed. Targeted immuno-

therapies based on monoclonal antibodies directed at 

CD20 (rituximab and obinituzumab) for mature B‐cell 

NHL, as well as CD30 (brentuximab) for ALCL and HL, 

have been successfully combined with chemotherapy to 

improve overall responses. Meanwhile, cellular immu-

notherapies also offer great promise.

T‐cell‐based therapies have become an important 

focal point in the development of novel strategies 

against hematologic malignancies. Taking advantage of 

the ability to generate Epstein–Barr virus (EBV)‐specific 

cytotoxic T lymphocytes (CTL), investigators have 

developed CTL therapy derived from both autologous 

and allogeneic cell sources to treat refractory/relapsed 

EBV‐positive lymphomas. Targeting the EBV latent 

membrane proteins (LMP) 1 and 2 that are expressed in 

types II and III EBV latency programming, these CTL‐

based therapies have demonstrated enormous potential 

[55]. Bollard et al. [56] recently reported on the use of 

LMP‐CTL therapy derived from autologous dendritic 

cells in patients with EBV‐positive HL or NHL. Of 29 

patients with either high‐risk or multiply relapsed dis-

ease receiving the LMP‐CTL therapy while in remission, 

28 maintained long‐term CR. However, there were 

eight deaths in CR from late complications including 

three secondary malignancies. An additional 21 patients 

received the autologous CTL infusion with refractory/

relapsed disease; 11 achieved CR, with nine patients 

alive in durable remission ranging 2–9 years. Of note, 

there were 18 patients aged under 29 years included in 

the trial (14 with HL). Nine received LMP‐CTL while in 

remission and all were alive in CR (range 1–8 years), 

including two adolescents who received auto‐HSCT plus 

autologous LMP‐CTL for primary refractory HL. An 

additional nine CAYA received autologous LMP‐CTL 

with active disease, among whom two achieved durable 

CR (4 and 7 years respectively), six had no response, 

and one relapsed at 4 years. The fact that four patients 

with multiply relapsed and/or primary refractory dis-

ease were able to achieve long‐term CR establishes the 

promising potential of this therapy.

Building on the concept of developing EBV‐specific 

CTL therapy for EBV‐positive lymphomas, Bollard and 

Cairo et al. have developed a lymphoma cell therapy con-

sortium for CAYA. Attempting to capitalize on up to 40% 

of HL being EBV‐positive, they have developed a new 

protocol of RIC followed by EBV‐positive matched related 

or unrelated donor allo‐HSCT in children with high‐risk 

refractory/relapsed HL. The allo‐HSCT would then be 

followed by an infusion of donor‐derived LMP‐CTL to 

target the EBV‐positive lymphoma cells. This therapeutic 

strategy of utilizing donor‐derived EBV‐specific CTL has 

been established in EBV‐associated lymphoproliferative 

disease, chronic active EBV, and the rare EBV‐positive 

hydroavacciniforme‐like T‐cell lymphoma [55,57,58].

For lymphomas not associated with EBV, T‐cell and 

more recently NK‐cell therapies using chimeric antigen 

receptors (CAR) have been under development. CAR‐

based therapies combine an extracellular antigen‐binding 

transmembrane domain with intracellular signal transduc-

tion domains to direct immune effector cell cytotoxicity. 

Utilizing antigenic targets such as CD20 and C19, CAR 

T‐cell clinical trials are well underway, albeit with much 

more momentum for the treatment of leukemia at the 

moment. In the preclinical domain, antitumor effects of 

NK cell‐based anti‐CD20 CAR has been demonstrated for 

the treatment of BL in mouse models [59,60].

The efficacy of cellular immunotherapies to treat 

refractory/relapsed lymphomas serves as additional 

affirmation of the immunogenic nature of hematologic 

malignancies. Rooted in the concept that MAC 
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chemotherapy followed by auto‐HSCT can establish a 

strong response even in refractory/relapsed disease, the 

strategy of combining auto‐HSCT with a tandem allo‐

HSCT was pioneered by Carella et al. [61] in adult 

patients. They used an MAC auto‐HSCT regimen with 

carmustine, etoposide, cytarabine and melphalan fol-

lowed by a nonmyeloablative fludarabine/cyclophos-

phamide “mini‐allograft”; 11 of 15 patients with multiply 

relapsed and/or refractory lymphomas achieved CR after 

the tandem transplants, with five patients maintaining 

long‐term CR. The most promising data for the efficacy 

of tandem auto‐HSCT followed by RIC allo‐HSCT was 

reported by Crocchiolo et al. [62] in 34 adults with high‐

risk relapsed NHL, with a 5‐year PFS of 68%. The only 

pediatric data for this tandem approach was discussed 

earlier in the chapter; in an intent‐to‐treat analysis of all 

30 patients enrolled, 10‐year EFS was 56.4% for high‐

risk relapsed/refractory HL, and 50% for NHL. Among 

the 23 patients that underwent the tandem auto‐HSCT/

RIC allo‐HSCT, the 10‐year EFS was 59.8% for HL and 

70% for NHL [27]. Ultimately, while more robust pro-

spective trials are needed to confirm the potential 

advantage to utilizing MAC auto‐HSCT followed by RIC 

allo‐HSCT in CAYA, the promising results lend credence 

to the concept of a GVL effect to sustain a long‐term 

remission. Furthermore, the relative risk of developing 

secondary malignancies as a late complication of auto‐

HSCT may be mitigated by the allo‐HSCT.

Ultimately, though, while auto‐HSCT and allo‐HSCT 

offer the potential for long‐term curative options, the 

risk for relapse after either treatment strategy is still 

unfortunately high. Optimizing pre‐HSCT treatment 

regimens to reduce the risk of relapse is essential. The 

concept of using radioimmunotherapy as a novel 

therapeutic approach in lymphomas in CAYA is very 

attractive. Although it has been limited by excessive 

toxicities in early clinical trials, novel approaches have 

attempted to incorporate radionuclide‐conjugated 

monoclonal antibodies in the conditioning regimens 

before HSCT. Radioimmunotherapy in lymphoma has 

great developmental potential for the following reasons: 

antigenic targets for the monoclonal antibodies are well 

established and available, the most success in using 

radiolabeled antibodies has been established in hemato-

logic malignancies, and lymphomas are very sensitive to 

radiation therapy. Data for using radiolabeled humoral 

immunotherapy in combination with chemotherapy in 

conditioning regimens for auto‐HSCT has demonstrated 

improved response rates for adult patients with relapsed 

NHL treated with 90Y‐ibritumomab tiuxetan combined 

with BEAM chemotherapy [63]. While there is need to 

develop data in CAYA, the potential for benefit using 

this novel methodology may offer a fresh therapeutic 

approach in an attempt to bolster the options available 

to this very high‐risk subset of patients.

Conclusions

There is a vitally important role for HSCT in lymphomas 

in CAYA; it offers a potentially curative therapeutic 

option for patients with refractory/relapsed disease, a 

subset of patients that is otherwise essentially incurable. 

Table 4.3  Proposed treatment paradigm for children, 
adolescents, and young adults with refractory and relapsed 
lymphomas with chemosensitive disease on relapse.

Hodgkin lymphoma

Auto‐HSCT

Late relapse

Allo‐HSCT

Primary refractory

Early relapse

Multiple relapse

Mature B‐cell non‐Hodgkin lymphoma

Auto‐HSCT

Late relapse

Allo‐HSCT

Primary refractory

Early relapse

Multiple relapse

Lymphoblastic lymphoma

Auto‐HSCT

Not indicated

Allo‐HSCT

Any refractory/relapse

Anaplastic large‐cell lymphoma

Auto‐HSCT

Late relapse (excluding those with CD3‐negative disease with late 

relapse)

Allo‐HSCT

Primary refractory

CD3‐positive disease in any relapse

There is a notable exclusion for those patients originally presenting 
with early‐stage disease treated with minimally intensive upfront 
protocols. Allo‐HSCT is suggested in those patients with less than 
30% chance for EFS despite the use of auto‐HSCT. Use of allo‐HSCT 
can be considered with a tandem auto‐HSCT preceding it. Special 
consideration should be given for EBV‐specific CTL immunotherapy in 
EBV‐positive lymphomas.
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However, because the characteristics of lymphoma at 

the time of relapse can be widely heterogeneous, the 

HSCT‐based treatment strategy can vary markedly. 

Delineating a risk stratification for each individual 

patient for each specific lymphoma is critical. A pro-

posed treatment algorithm based on disease type and 

clinical characteristics is summarized in Table 4.3. The 

emphasis in treatment of CAYA with lymphomas is to 

achieve cure. Therefore, the most important factor to 

consider is which patients have a formidable chance 

for a curative outcome utilizing auto‐HSCT. Those 

with an unacceptably high risk of failing auto‐HSCT 

should be considered for alternative therapeutic strat-

egies in hopes of establishing the optimal treatment 

that can safely and effectively offer the chance for cure 

to the greatest number of patients. Ultimately, a well‐

designed risk stratification‐based international 

multicenter prospective clinical trial offers the best 

opportunity to answer the many questions regarding 

the optimal treatment approach in this challenging 

subset of patients.
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Rationale for chemotherapy dose 
intensification for disease eradication

Preclinical studies performed decades earlier demon­

strated a dose‐dependent sensitivity of leukemia and 

lymphoma cells to radiotherapy and chemotherapy 

[1–3]. Subsequently, animal studies demonstrated that 

autologous bone marrow can restore hematopoiesis 

after lethal irradiation [4–6]. The realization of critical 

chemotherapy dose intensification [7] and the under­

standing of basic biology of myeloablation followed by 

bone marrow rescue paved the way for the development 

of clinical hematopoietic cell transplantation (HCT). In 

general, conditioning regimens were developed 

considering the antitumor effects of the individual che­

motherapy agent and the combined dose‐limiting organ 

toxicities.

Conditioning regimens for HCT were first developed 

in the context of allogeneic bone marrow graft trans­

plantation in order to achieve both myeloablation and 

immusuppression. In general, myelotoxic chemothera­

peutic agents used in conditioning regimens were dose‐

escalated to the maximally tolerated nonhematologic 

toxicity to optimize antineoplastic cytotoxicity. These 

myeloablative regimens were then extrapolated to the 

clinical autologous HCT setting.

Stem cell rescue provides substantial dose escalation 

of cytotoxic chemotherapy or chemoradiotherapy, and 

so the ability of chemotherapy to eradicate tumor cells is 

maximized. High‐dose therapy (HDT) followed by 

autologous HCT has become the major curative option 

for high‐risk or relapsed chemosensitive lymphoid 

malignancies.

Traditional preparative regimens

HDT followed by autologous HCT has been utilized for 

the past few decades to improve progression‐free 

survival (PFS) and overall survival (OS) in patients with 

relapsed and/or refractory aggressive lymphomas [8]. 

Through an international collaboration, Philip et al. [8] 

reported the outcomes of 100 intermediate‐ to high‐

grade non‐Hodgkin lymphoma (NHL) patients who 

were treated with either high‐dose chemotherapy or 

high‐dose chemotherapy plus total body irradiation 

(TBI) with bone marrow transplantation. The actuarial 

3‐year disease‐free survival was 36% for the sensitive‐

relapse group compared with 14% for the resistant‐relapse 

group. In a retrospective analysis, the Group d’Etudes 

des Lymphomes de l’Adulte (GELA) showed that high‐

dose chemotherapy followed by autologous HCT resulted 

in longer OS and freedom from progression in 44 

chemotherapy‐sensitive relapsed or primary refractory 

aggressive NHL patients compared to salvage chemo­

therapy alone [9].

A prospective randomized landmark study, the Parma 

trial, demonstrated the superiority of autologous HCT in 

NHL patients (intermediate or high grade based on 

Working Formulation classification) who had chemo­

therapy‐sensitive disease in first or second relapse without 

bone marrow involvement at relapse, compared with 
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chemotherapy (DHAP: dexamethasone, cisplatin, and 

cytarabine) [10]. Those who achieved either a complete or 

partial response after two cycles of DHAP chemotherapy 

were randomized to either additional DHAP chemo­

therapy (four cycles) plus radiation (35 Gy) or high‐dose 

BEAC (carmustine, etoposide, cytarabine, cyclophospha­

mide and mesna) conditioning and autologous trans­

plantation [10]. Both arms received involved field 

radiotherapy to sites of bulky disease. At 5 years, the 

autologous HCT arm had a significantly improved event‐

free survival (EFS) of 46% versus 12% (P = 0.0001) and 

OS of 53% versus 32% (P = 0.038) vis‐à‐vis the chemo­

therapy arm, respectively [10]. This study established 

the  key role of high‐dose chemotherapy followed by 

stem cell support as the standard treatment of relapsed/

refractory aggressive NHL.

There are several preparative regimens for autologous 

HCT. Many chemotherapeutic agents have the ability to 

cross the blood–brain barrier in a dose‐dependent 

manner [11,12]. In practice, there are some variations 

in chemotherapy (or radiotherapy whenever appli­

cable) dosing based on the institutional experience; and 

the choice of particular conditioning regimen may be 

related to physician familiarity and center preference as 

well as existing institutional treatment algorithms for 

various lymphoma subtypes.

The most commonly used preparative regimens for 

autografting in patients with lymphoma include BEAM 

(BCNU, etoposide, cytarabine and melphalan), CBV 

(cyclophosphamide, BCNU and VP‐16), BEAC (BCNU, 

etoposide, cytarabine and cyclophosphamide) [10], Cy/

VP‐16/TBI (cyclophosphamide, etoposide and TBI) 

[13–17], and BuCy (busulfan, cyclophosphamide) [18–

21]. The details of chemotherapy dosing and schedule 

variations have been reviewed elsewhere [11]. BEAM 

regimen consists of BCNU (300 mg/m2 for 1 day), 

etoposide (100–200 mg/m2 daily or 100 mg/m2 twice 

a day for 4 days), cytarabine (100–200 mg/m2 daily or 

100  mg/m2 twice a day for 4 days), and melphalan 

(140  mg/m2 for 1 day) [22,23]. CBV consists of cyclo­

phosphamide (1500 mg/m2 daily for 4 days), BCNU 300 

mg/m2 for 1 day), and VP‐16 (250 mg/m2 daily for 4 

days) [24,25]. Augmented CBV entails cyclophos­

phamide (100  mg/kg for 1 day), BCNU (15 mg/kg or 

450–550 mg/m2 for 1 day), and VP‐16 (60 mg/kg for 1 

day) [13–15,26].

Alkylating agents such as cyclophosphamide, melphalan, 

busulfan and carmustine (BCNU), topoisomerase inhibitors 

(such as etoposide), and platinum agents (cisplatin and car­

boplatin) constitute the backbone of preparative regimens 

based on their antitumor activity and preclinical data sup­

porting their ability to overcome chemotherapy resistance 

with dose escalation. Nonhematologic dose‐limiting tox­

icities for chemotherapy agents commonly used in prepar­

ative agents have been reviewed by others [11]. 

Dose‐limiting toxicities for commonly used preparative reg­

imen chemotherapeutics are as follows: BCNU – 

pulmonary, hepatic; cyclophosphamide – mucosal, 

urothelial; etoposide – mucosal; melphalan – mucosal. 

As the main toxicity of alkylating agents is predomi­

nantly hematologic, their dose can be intensified. Less com­

monly used regimens include melphalan plus etoposide 

and melphalan plus mitoxantrone [27,28]. Other pre­

parative regimens combining carboplatin and ifosfamide 

have been developed [29,30].

Many transplant preparative regimens for lymphoma 

consist of only chemotherapeutic agents. Lymphoma 

cells are also sensitive to radiation‐induced cytotoxicity. 

Moreover, radiation therapy can potentially reach sanc­

tuary sites such as central nervous system and testes. 

Chemotherapy resistance can also be overcome by radi­

ation therapy. However, there have been no prospective 

randomized controlled trials comparing chemotherapy 

with TBI‐based preparative regimens in lymphoid 

malignancies. Use of TBI as part of preparative regimens 

for lymphoma transplant appears to be used less often 

nowadays [31].

In a retrospective study from Stanford where the out­

comes for HDT followed by autologous HCT for lym­

phoma were examined, there were no differences in 

relapse rates between TBI‐based and chemotherapy‐only 

groups [15]. Other studies also did not find any significant 

advantage of using TBI‐based regimens [8,32–34]. In a 

registry study by the Center for International Blood and 

Marrow Transplant Research (CIBMTR) where recent 

activities on autologous HCT have been reviewed 

including over 20,000 lymphoma patients from 1995 to 

2005, a limited number of autologous HCTs were per­

formed using cyclophosphamide/TBI or other TBI‐based 

regimens [31]. TBI‐based regimens are usually avoided in 

lymphoma patients who received prior radiation therapy 

due in part to significant toxicity concerns, particularly 

for the development of interstitial pneumonitis [35,36]. 

Choice of TBI‐based regimens, over chemotherapy‐

based ones, is likely based on center preference. A future 

randomized controlled trial comparing TBI‐ with 
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chemotherapy‐based regimens for autografting is unlikely 

to be performed.

In a recent retrospective registry study by CIBMTR, 

outcomes of commonly used autologous HCT prepara­

tive regimens in 4917 lymphoma patients from 1995 to 

2008 were compared [37]. The cohorts differed in age, 

histology, and year of HCT. There was no significant 

difference in outcomes with BEAM, CBVlow (BCNU dose 

<375 mg/m2), busulfan plus cyclophosphamide (BuCy), 

and TBI‐based regimens for NHL. However, NHL 

patients treated with CBVhigh (BCNU dose >375 mg/m2) 

had a worse progression rate as well as higher trans­

plant‐associated mortality. For patients with Hodgkin 

lymphoma (HL), BuCy‐ and TBI‐based regimens were 

associated with higher rates of progression and shorter 

survival compared to BEAM. Additionally, a Phase II 

multicenter study of 184 lymphoma patients 

conditioned with a busulfan, cyclophosphamide and 

etoposide (BuCyE) regimen from 2010 to 2012 com­

pared the results with recipients of BEAM regimen 

registered to CIBMTR in a matched‐pair analysis [38]. 

The 2‐year OS and transplant‐related mortality were 

the same for both groups (younger than 65 years old 

with NHL); however, in a subset of HL patients the risk 

of progression was higher and consequently PFS was 

lower with the BuCyE regimen. These studies suggest 

that there are no significant differences in outcomes for 

autologous HCT in NHL based on preparative regimens 

with the exception of CBVhigh, and BEAM appears to be 

the most widely used and better regimen for autologous 

HCT in HL.

Incorporation of monoclonal 
antibodies in autologous HCT 
preparative regimens

Use of monoclonal antibodies either as monotherapy or 

as part of chemoimmunotherapy regimens has become 

the standard therapy for various lymphoid malignancies 

[39–42]. In the setting of HDT and autologous HCT, 

addition of monoclonal antibodies is aimed at improving 

the anti‐malignancy efficacy of the preparative regimen 

[43]. Here we summarize the published literatures per­

taining to the use of rituximab as well as anti‐CD20 

radioimmunoconjugate monoclonal antibodies which 

have been evaluated as part of preparative regimens for 

autologous HCT.

Rituximab
Rituximab is a chimeric anti‐CD20 monoclonal anti­

body approved for the treatment of various subtypes of 

B‐cell NHL. Rituximab has been shown to be feasible 

when combined with conditioning regimens for autolo­

gous HCT. However, randomized controlled trials that 

demonstrate the superiority of adding rituximab to con­

ventional high‐dose conditioning regimens (compared 

to without rituximab) are lacking.

Moreover, rituximab has been shown to be feasible to 

use in the pre‐mobilization phase aiming at elimination 

of disease from the stem cell product (in vivo purging) 

[44–50]. This strategy does not appear to affect engraft­

ment kinetics after transplantation. However, no 

randomized data exist evaluating the ultimate benefit 

(or lack thereof) of this strategy to our knowledge. Also, 

other questions remain unanswered, including the best 

timing of administration of rituximab and whether 

there is a dose‐effect for more effective purging.

Incorporating rituximab in the peri‐ and post‐

conditioning phase has also been shown to be feasible 

and, again, did not appear to affect engraftment kinetics. 

A retrospective multicenter study from the Gruppo 

Italiano Terapie Innovative nei Linfomi showed that 

addition of rituximab did not worsen transplant‐associ­

ated mortality (2.8% vs. 3.3%; P‐value, not significant) 

but resulted in better 5‐year EFS (61% vs. 51%, P < 

0.001) and OS (69% vs. 60%, P < 0.001) [51]. These 

and other studies are summarized in Table  5.1 

[44,45,51–53].

It is important to keep in mind the potential concerns 

with use of rituximab in this setting, especially pro­

longed B‐cell depletion with hypogammaglobulinemia, 

increased risk of opportunistic infections, and occurrence 

of late cytopenias [54,55].

Monoclonal antibodies conjugated to 
radionuclide
The ability of radioimmunoconjugates to deliver 

targeted radiation with relatively low organ toxicity 

provided the rationale to develop radioimmunotherapy 

(RIT)‐based preparative regimens for autografting. Two 

anti‐CD20 monoclonal antibodies, ibritumomab and 

tositumomab conjugated to either yttrium‐90 or 

iodine‐131, are currently in clinical use for treatment of 

indolent CD20‐expressing lymphomas [56,57]. Several 

small single‐arm studies have demonstrated encour­

aging results using RIT whether alone or 
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by incorporating them into conventional preparative 

regimens for autologous HCT for CD20‐expressing lym­

phomas. Investigators at the Fred Hutchinson Cancer 

Research Center pioneered the use of myeloablative RIT 

conditioning for autologous HCT. A phase I study of 131I‐

tositumomab conditioning showed that the maximum 

tolerated dose of radiation was 27 Gy [58], and further 

dosage escalation was limited by cardiopulmonary tox­

icities [58]. Several small phase II studies using high‐

dose RIT with 131I‐tositumomab alone, mainly in 

patients with chemosensitive relapsed B‐cell NHL, dem­

onstrated 4‐year PFS of 40% and OS of 65% with toler­

able toxicities [59–61]. High‐dose 131I‐tositumomab 

(delivering radiation doses up to 27 Gy to normal 

organs) combined with high‐dose therapy as condi­

tioning before autologous HCT also appears to be fea­

sible [62,63], with 3‐year PFS and OS approaching 

60–65% and 80–90%, respectively; these results 

compare favorably with outcomes with high‐dose RIT 

conditioning alone [59–61]. Because 131I‐tositumomab 

emits gamma radiation, its administration is cumber­

some, requiring prolonged patient isolation, caregiver/

healthcare worker exposure precautions, special infu­

sion equipment, and complex dosimetry facilities.

Nademanee et al. [64] combined 90Y‐ibritumomab 

tiuxetan with HDT for autologous HCT in patients with 

B‐cell NHL and reported, in a phase I/II study, 2‐year 

PFS of 78% and OS of 92%. Other investigators have 

also reported encouraging outcomes in B‐cell NHL with 

high‐dose 90Y‐ibritumomab tiuxetan‐based condi­

tioning, with or without HDT [65–69]. While these 

studies demonstrate the feasibility of using high‐dose 

RIT conditioning in autologous HCT, data are limited by 

small sample sizes and heterogeneous NHL histologies, 

among other reasons.

Standard doses of RIT have been combined with 

conventional conditioning regimens for autologous HCT 

[70–78]. While single‐arm phase II studies mostly from 

single institutions have shown encouraging results 

(Table 5.2), the only multicenter phase III study com­

pleted so far conducted by the Blood and Marrow 

Transplant Clinical Trial Network (BMT CTN), which 

compared addition of 131I‐tositumomab at conventional 

dose to BEAM with rituximab‐BEAM, failed to show 

Table 5.1  Selected studies of rituximab addition to conditioning regimens for autologous HCT.

Study Study type N Dose of rituximab Conditioning 

regimen

Survival

Flinn et al. 

(2000) [47]

Phase II, 

single arm

25 Day 1 of mobilization chemotherapy at 375 mg/m2

After engraftment at 375 mg/m2

Cy/TBI N/A

Voso et al. 

(2000) [49]

Pilot study 18 Day –1 of mobilization chemotherapy at 375 mg/m2

Day –1 of TBI

Cy/TBI N/A

Flohr et al. 

(2002) [44]

Phase II, 

single arm

27 Day 1 of mobilization chemotherapy at 375 mg/m2

With conditioning regimens days –10 and –3 at 375 

mg/m2

Cy/TBI, BEAM 

or BEAC

PFS, 77%

OS, 95%

(at 16 months)

Khouri et al. 

(2005) [45]

Phase II, 

single arm

67 With mobilization chemotherapy at 375 mg/m2 on 

day –1 and at 1000 mg/m2 on day 7

With conditioning at 1000 mg/m2 on days +1 and +8

BEAM DFS, 67%

OS, 80%

(2‐year)

Tarella et al. 

(2008) [51]

Retrospective 349 Four doses before PBSC collection

Two doses after autologous HCT

Mitoxantrone/

melphalan or 

BEAM

OS 69% vs. 60% 

without rituximab

(5‐year)

Hicks et al. 

(2008) [53]

Phase II, 

single arm

23 At 375 mg/m2 before or during G‐CSF mobilization

Post‐transplantation maintenance: two 4‐week 

courses with 375 mg/m2 at 8 and 24 weeks after 

autologous HCT

CBV PFS, 59%

OS, 78%

(5‐year)

Vose et al. 

(2011) [79]

Phase III, 

randomized 

multicenter

112 Days –19 and –12 of conditioning at 375 mg/m2 BEAM PFS, 48.6%

OS, 65.5%

(2‐year)

BEAC, BCNU, etoposide, cytarabine, and cyclophosphamide; BEAM, BCNU, etoposide, cytarabine, and melphalan; CBV, cyclophosphamide, BCNU, 
and VP‐16 (etoposide); Cy, cyclophosphamide; DFS, disease‐free survival; G‐CSF, granulocyte‐colony stimulating factor; HCT, hematopoietic cell 
transplantation; N/A, not available; OS, overall survival; PBSC, peripheral blood stem cells; PFS, progression‐free survival; TBI, total body irradiation.
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Table 5.2  Radioimmunotherapy (RIT) as conditioning regimen for autologous hematopoietic cell transplantation (HCT).

Study Study type N Agent and dose Conditioning regimen Survival

High‐dose RIT

Press et al. 

(1993) [58]

Phase I 24 234–777 mCi 131I‐tositumomab OS, 21 months 

(median)

Press et al. 

(2000) [62]

Phase I/II 52 20–27 Gy (1.7 mg/kg) 131I‐tositumomab + Cy/VP‐16 PFS, 68%

OS, 83%

(2‐year)

Behr et al. 

(2002) [97]

Pilot study   7 261–495 mCi (protein 

dose = 2.5 mg/kg)

131I‐rituximab N/A

Gopal et al. 

(2002) [63]

Phase II 16 20–25 Gy (1.7 mg/kg); 

median dose = 510 mCi

131I‐tositumomab + Cy/VP‐16 PFS, 61%

OS, 93%

(3‐year)

Nademanee et 

al. (2005) [64]

Phase I/II 31 <1000 cGy; median dose = 

71.6 mCi

90Y‐ibritumomab + Cy/VP‐16 PFS, 78%

OS, 92%

(2‐year)

Ferrucci et al. 

(2007) [67]

Phase I 13 0.8, 1.2 or 1.5 mCi/kg 90Y‐ibritumomab N/A

Devizzi et al. 

(2008) [65]

Phase II 30 0.8 mCi/kg (13 patients) and 

1.2 mCi/kg (17 patients)

90Y‐ibritumomab OS, 87%

PFS, 69%

(2.5‐year)

Winter et al. 

(2009) [66]

Phase I 44 15 Gy MTD 90Y‐ibritumomab + BEAM PFS, 43%

OS, 60%

(3‐year)

Hohloch et al. 

(2011) [68]

Phase II 16 8.6–13 GBq BEAM for first autologous HCT
131I‐rituximab for second 

autologous HCT

PFS, 64%

OS, 67%

(4‐year)

Gopal et al. 

(2011) [98]

Phase I 36 27 Gy (0.4 mCi/kg) 131I‐tositumomab + fludarabine PFS, 53%

OS, 54%

(3‐year)

Standard‐dose RIT

Vose et al. 

(2005) [70]

Phase I 23 0.75 Gy 131I‐tositumomab + BEAM PFS, 39%

OS, 55%

(3‐year)

Shimoni et al. 

(2007) [71]

Phase II 23 0.4 mCi/kg 90Y‐ibritumomab + BEAM PFS, 52%

OS, 67%

(2‐year)

Krishnan et al. 

(2008) [74]

Phase II 41 0.4 mCi/kg 90Y‐ibritumomab + BEAM PFS, 70%

OS, 89%

(2‐year)

Decaudin et al. 

(2011) [75]

Phase II 77 0.3–0.4 mCi/kg 90Y‐ibritumomab + BEAM PFS, 63%

OS, 97%

(2‐year)

Zipp et al. 

(2011) [77]

Phase II 36 0.4 mCi/kg 90Y‐ibritumomab + BEAM PFS, 60–78%

OS, 60–76%

(5‐year)

Vose et al. 

(2011) [79]

Phase III 224 5 mCi on day −19 and 0.75 

Gy on day −12

131I‐tositumomab + BEAM vs. 

rituximab‐BEAM

PFS, 48% vs. 49%

OS, 60% vs. 66%

(2‐year)

Shimoni et al. 

(2012) [72]

Phase III 22 vs. 21 

(total 43)

0.4 mCi/kg 90Y‐ibritumomab + BEAM vs. 

BEAM

PFS, 59% vs. 37%

OS, 91% vs. 62%

(2‐year)

(continued)
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survival benefits (PFS and OS) or decreased relapse risk 

in patients with chemotherapy‐sensitive relapsed diffuse 

large B‐cell lymphoma (DLBCL) [79]. At present, using 

an RIT‐based conditioning regimen is not considered 

standard therapy and should be performed in the con­

text of clinical trials.

Novel agents used in preparative 
regimens

Relapse after HDT and autologous HCT remains a major 

challenge, particularly with primary refractory disease 

or high‐risk features at relapse [80,81]. Ongoing efforts 

exist to develop novel preparative regimens to improve 

the outcomes of autologous HCT for various lymphoid 

malignancies. Using pharmacokinetic targeting of intra­

venous busulfan dosing to avoid excessive toxicities, a 

preparative regimen of busulfan plus melphalan (Bu/

Mel) has been examined in advanced lymphoid 

malignancies [82]. The Bu/Mel regimen was well toler­

ated and appears to have comparable anti‐lymphoma 

effect to BEAM [82]. Gemcitabine, a nucleoside analog, 

has been demonstrated to inhibit DNA damage repair 

caused by prior exposure to alkylating agents [83]. 

Gemcitabine has also been shown to have clinical anti­

tumor activity against HL and NHL [84–87]. The M.D. 

Anderson Cancer Center has developed a combination 

preparative regimen of gemcitabine, busulfan, and mel­

phalan (Gem/Bu/Mel); gemcitabine was given at differ­

ent dose levels, busulfan was given at AUC (area under 

the curve) of 4000 µmol/min daily for 4 days, and mel­

phalan was given at 60 mg/m2 daily for 2 days [88]. 

High anti‐lymphoma activity was described in heavily 

pretreated and refractory cases. The group at Stanford 

University conducted a phase I/II trial of conditioning 

regimen with gemcitabine (escalating dose), vinorel­

bine, BCNU, etoposide, and cyclophosphamide (GN‐

BVC) with the aim of reducing BCNU dose and toxicity 

in recurrent/refractory HL [89]. The regimen resulted in 

decreased BCNU toxicity and encouraging disease con­

trol. With further refinement and incorporation of tar­

geted agents, future autologous HCT regimens for 

lymphoid malignancies may evolve to disease‐specific 

and/or patient‐specific conditioning.

Future directions

To improve the outcomes of autologous HCT several 

approaches have been evaluated in the context of peri‐ 

or post‐autologous HCT. The Collaborative Trial in 

Relapsed Aggressive Lymphoma (CORAL) randomized 

patients with relapsed or refractory DLBCL to either 

rituximab maintenance or observation following autol­

ogous HCT. There were no differences in 4‐year EFS 

between the groups [90]. However, there was a 

difference in EFS between women and men, which may 

be partly due to enhanced clearance in men resulting in 

decreased efficacy of rituximab because of a shorter 

half‐life [90,91]. The European Society for Blood and 

Marrow Transplantation (EBMT) conducted a 

Table 5.2  (continued)

Study Study type N Agent and dose Conditioning regimen Survival

Arne et al. 

(2012) [78]

Phase II 161 0.4 mCi/kg 90Y‐ibritumomab + BEAM or 

BEAC

PFS, 55%

OS, 71%

(5‐year)

Briones et al. 

(2012) [99]

Phase II   30 0.4 mCi/kg 90Y‐ibritumomab + BEAM PFS, 63%

OS, 65%

(2‐year)

Vose et al. 

(2013) [73]

Phase II   40 75 cGy 131I‐tositutmomab + BEAM PFS, 70%

OS, 72%

(5‐year)

BEAC, BCNU, etoposide, cytarabine, and cyclophosphamide; BEAM, BCNU, etoposide, cytarabine, and melphalan; cGy, centigray; Cy, 
cyclophosphamide; GBq, gigabecquerel; Gy, gray; mCi, millicurie; MTD, maximum tolerated dose; N/A, not available; OS, overall survival; PFS, 
progression‐free survival; VP‐16, etoposide.
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randomized study where patients with relapsed 

follicular lymphoma were randomly assigned to mainte­

nance rituximab (375 mg/m2 every 2 months for four 

infusions) or observation [92]. Ten‐year PFS was 

significantly better in the maintenance group (54% vs. 

37%, P = 0.012), but OS was not improved with 

maintenance [92]. Other agents that are currently being 

considered for similar adjunctive therapy to improve 

autologous HCT outcomes include ibrutinib and anti‐

CD22 immunoconjugate inotuzumab ozogamicin [93,94].

Another strategy entails altering the immune check­

point in the post‐autologous HCT setting. PD‐1 

(Programmed Death‐1) is a member of the B7 receptor 

family and with its primary ligands (PD‐L1 and PD‐L2) 

works as an immune checkpoint to limit the T‐cell 

response in peripheral tissues. PD‐L1 is aberrantly 

expressed on tumor‐infiltrating lymphocytes and 

neoplastic cells in lymphoid malignancies, and may 

inhibit the host antitumor response by causing T‐cell 

exhaustion [95]. Pharmacologic targeting of the PD‐1/

PD‐L1 pathway may be an opportunity to restore antitu­

mor immunity after autologous HCT. Pidilizumab, an 

anti‐PD‐1 humanized IgG1 monoclonal antibody, was 

administered to patients with DLBCL after autologous 

HCT in a Phase II study, with 16‐month PFS of 72% [96]. 

The overall response rate after pidilizumab treatment was 

51% for patients with measurable disease after auto­

logous HCT, with 34% achieving complete response. This 

promising activity of PD‐1 blockade after autologous HCT 

expands the therapeutic opportunity and may herald the 

evolution of autologous HCT for lymphoid malignancies. 

Further research is needed to augment antitumor 

response with immunotherapy after autologous HCT uti­

lizing tumor vaccines and immune checkpoint targeting.
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Introduction

The past two decades have witnessed major advances in 

the treatment of Hodgkin lymphoma (HL) and non‐

Hodgkin lymphoma (NHL) [1,2]. Nowadays, the avail-

able repertoire of therapies includes monoclonal 

antibodies such as rituximab and brentuximab vedotin 

which target CD20 and CD30, respectively [2,3]. A new 

generation of type I monoclonal antibodies, namely ofa-

tumumab, which targets the small loop of CD20, as well 

as type II monoclonal antibodies, namely obinutuzumab, 

which is known to have more antibody‐dependent cell‐

mediated cytotoxicity and less complement‐dependent 

cytotoxicity, have emerged and have already entered the 

clinical therapeutic arena in diseases such as chronic 

lymphocytic leukemia (CLL) [4,5]. Their efficacy in var-

ious subtypes of CD20‐expressing NHL has been 

described in clinical trials [6–8]. Moreover, therapies tar-

geting the B‐cell receptor signaling pathway, namely 

ibrutinib [9], and the proteasome inhibitor bortezomib 

[10] have shown impressive clinical activity and are 

already being incorporated into the treatment armamen-

tarium of mantle cell lymphoma. While responses 

induced by these therapies are more frequent and even 

more durable, achieving the ultimate cure remains the 

desirable goal.

Allogeneic hematopoietic cell transplantation (allo‐HCT) is 

an effective treatment modality that can offer a possibility 

of cure for various subtypes of lymphomas [11–14]. This 

procedure eliminates the risk of infusing neoplastic cells 

present in an autologous collection, and its purported 

benefit is also derived from both the cytoreductive effect 

of chemotherapy, especially when used in myeloablative 

doses, combined with the adoptive immunotherapy 

mediated by donor T cells. Better understanding of the 

latter resulted in development of lesser ablative regimens, 

so called reduced‐intensity conditioning (RIC) regimens 

[15]. Availability of RIC regimens has expanded the 

applicability of allo‐HCT to patients of more advanced age 

and/or with associated comorbidities. An alternative 

terminology, i.e., nonmyeloablative (NMA) conditioning 

regimens, has been used to describe this type of reduced‐

toxicity regimen. While it is arguable that a spectrum of 

dose intensities exists within these reduced‐toxicity regi-

mens, we include NMA under the rubric of RIC regimens 

for the purposes of this review. Moreover, exploration of 

alternative donors for hematopoietic cell allografting has 

resulted in the use of unrelated donors (HLA‐matched or 

mismatched), umbilical cord blood (UCB) and, more 

recently, haploidentical transplantation [16,17]. Here we 

summarize the conditioning regimens as well as the avail-

able donor sources for allo‐HCT for lymphomas. This 

chapter also highlights integration of novel therapies as 

part of conditioning regimens for hematopoietic cell 

allografting [18].

Myeloablative conditioning regimens 
for lymphomas

Allo‐HCT using myeloablative conditioning (MAC) 

doses of chemotherapy or chemoradiotherapy was com-

monly offered to patients with lymphoma in the past. Use 

of high doses of total body irradiation (TBI), generally in 
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the range 5–12 Gy, represented the backbone on which 

various preparative regimens were developed, by 

combining TBI with cyclophosphamide or etoposide, 

among others [11,14,19–32]. Unfortunately, use of 

these regimens was associated with significant nonrelapse 

mortality (NRM), reported in up to 50% in some studies 

(Table 6.1) [19,22,23]. This prohibitive mortality resulted 

in a shift in practice, by favoring the use of less toxic RIC 

regimens. To our knowledge there is no prospective 

randomized study performed to date that compares 

MAC with RIC conditioning regimens for allo‐HCT for 

lymphomas; however, several nonrandomized compari-

sons have failed to show a clear benefit in overall survival 

(OS) with dose intensification, whether using chemo-

therapy‐based or TBI‐based regimens. For instance, a 

retrospective comparative analysis of Center for 

International Blood and Marrow Transplant Research 

(CIBMTR) data of 396 subjects with diffuse large B‐cell 

NHL showed that patients who underwent an allo‐HCT 

following MAC regimens had lower risk of relapse, but 

significantly higher NRM compared with RIC allo‐HCT 

[33]. In the case of mature T‐cell lymphomas, a CIBMTR 

registry study failed to show a clear OS advantage when 

using MAC regimens in this group of diseases [32].

Offering myeloablative preparative regimens for 

allo‐HCT for lymphomas should be restricted to 

patients with good performance status and low HCT 

comorbidity scores [34]. The potential benefit of using 

myeloablative (vs. RIC) regimens in lymphoma cases 

with persistent disease at the time of allografting 

remains to be better studied.

Reduced‐intensity conditioning 
regimens

Traditional MAC regimens are associated with more 

frequent grade 3 and 4 toxicities and higher NRM. By 

reducing the intensity of the conditioning regimen, 

older patients and those with higher comorbidity scores 

can be offered the procedure more frequently [35]. 

Furthermore, the curative effect of allo‐HCT depends in 

great proportion on the immune‐mediated graft‐versus‐

tumor effect. Lower risk of relapse compared with 

autologous transplantation and response to donor 

lymphocyte infusions or to tapering down of immuno-

suppression in few instances have been observed in 

various types of lymphoma and support the existence of 

a strong graft‐versus‐lymphoma effect [36–39]. As a 

result, the last decade has seen a major shift in the 

conditioning regimens used for allo‐HCT and currently 

over 60% of transplants are performed using RIC 

regimens [40].

RIC allo‐HCT in diffuse large B‐cell 
lymphoma
It remains unclear what the best conditioning regimen is 

for diffuse large B‐cell lymphoma (DLBCL). Several 

relatively small series have shown that RIC regimens are 

an acceptable option, with reproducible long‐term OS 

and disease‐free survival (DFS) (Table 6.2). In a large ret-

rospective registry analysis, 396 allograft recipients 

reported to the CIBMTR were evaluated according to 

conditioning intensity (MAC, 165; RIC/NMA, 231) [41]. 

Patients in the RIC and NMC groups were older, had 

more prior lines of therapy including auto‐HCT, were 

transplanted more recently, and received TBI‐based regi-

mens less frequently [41]. The 5‐year mortality was 

higher with MAC than with RIC and/or NMA (56% vs. 

47% vs. 36%; P = 0.007). Relapse/progression was lower 

(26% vs. 38% vs. 40%; P = 0.031) [41]. The 5‐year 

progression‐free survival (PFS) and OS did not differ 

significantly between the cohorts. In multivariate anal-

ysis, NMA conditioning and more recent year of allograft-

ing were associated with lower NRM, whereas a lower 

Karnosfsky performance score, resistant disease, and 

unrelated donors were associated with higher NRM. RIC 

regimens induce long‐term PFS in selected patients with 

DLBCL, with lower NRM but a higher risk of progression/

relapse [41]. The benefit of conditioning intensity in 

patients with DLBCL is likely dependent on the remission 

status at transplant, age and comorbidities of the patient, 

and the level of expertise of the transplant center.

RIC allo‐HCT for follicular lymphoma
Published literature shows that MAC allo‐HCT is effec-

tive in patients with follicular lymphoma [27]. However, 

NRM limits its use mostly to young fit subjects. As 

follicular lymphoma has shown particular sensitivity to 

the graft‐versus‐lymphoma effect, RIC regimens have 

largely replaced MAC regimens. Several single and 

multicenter studies have reproducibly shown low NRM, 

low progression/relapse rates, and favorable OS and PFS 

[42–44]. Unfortunately, the only prospective randomized 

study comparing RIC allo‐HCT with auto‐HCT was 

prematurely closed due to low accrual [45]. The 



Table 6.1  Selected studies evaluating myeloablative regimens for allogeneic HCT for various lymphomas.

Study Study type Disease(s) N Conditioning  

regimen(s)

Donor  

source (%)

Cell source NRM Survival

Appelbaum et al.  

(1987) [11]

Retrospective,  

single center

HL and NHL HL, 11

NHL, 49

CY‐TBI Various BM NR 23% (5‐year)

Anderson et al.  

(1993) [19]

Retrospective,  

multicenter

HL 53 NR MRD, 83% BM 49%

(5‐year)

OS, 20%

EFS, 22%

(5‐year)

Ratanatharathorn  

et al. (1994) [20]

Prospective NHL 31 CY‐TBI or CVB Various BM NR PFS, 47%

(median 

follow‐up 14 

months)

Van Besien et al.  

(1996) [21]

Retrospective,  

single center

NHL 64 TBI‐based, 58% MRD, 98% BM NR NR

Gajewski et al.  

(1996) [22]

IBMTR registry HL 100 TBI‐based, 45% MRD, 100% BM 61%

(3‐year)

OS, 21%

DFS, 15%

(3‐year)

Milpied et al.  

(1996) [23]

EBMT registry HL 45 TBI‐based, 35.5%  

(N = 16)

MRD, 100% BM 48%

(4‐year)

OS, 25%

PFS, 15%

(4‐year)

Juckett et al.  

(1998) [24]

Retrospective,  

single center

NHL 37 TBI + CY +  

cytarabine +  

methylprednisone*

MRD, 65% BM 43% OS, 45%

(5‐year)

Dhedin et al.  

(1999) [25]

SFGM French  

database

NHL 73 TBI‐based, 87%  

(N = 64)

MRD, 99% BM 44% OS, 41%

PFS, 40%

(5‐year)

Akpek et al.  

(2001) [26]

Retrospective,  

single center

HL 53 BUCY, 51%

BU‐CY‐ETOP,  

24.5%

TBI‐CY, 24.5%

MRD, 100% BM 32%

(100 days)

EFS, 26%

OS, 30%

(10‐year)

Van Besien et al.  

(2003) [27]

IBMTR/ASBMT NHL 176 TBI‐based, 68% MRD, 100% BM, 77%

PBSC, 23%

24% (1‐year)

28% (3‐year)

30% (5‐year)

DFS, 48%

OS, 54%

(3‐year)

Doocey et al.  

(2005) [28]

Retrospective,  

single center

NHL 44 TBI‐based, 95% MRD, 75% PBSC 25%

(1‐year)

OS, 48%

(5‐year)

Kim et al.  

(2006) [29]

Retrospective,  

multicenter

NHL 233 TBI‐based, 83% MRD, 66% PBSC 42% PFS, 36%

OS, 39%

(5‐year)

Sureda et al.  

(2008) [30]

EBMT HL 79 TBI‐CY or  

high‐dose BU

Various PBSC 28% (3‐month)

46% (1‐year)

PFS, 20%

OS, 22%

(5‐year)

Claviez et al.  

(2009) [31]

EBMT HL 40 TBI‐based, 40% Various PBSC 21%

(1‐year)

NR

Hamadani et al.  

(2013) [14]

CIBMTR NHL 74 TBI‐CY, 53% MRD, 68% PBSC 33%

(100‐day)

PFS, 20%

OS, 25%

(3‐year)

Smith et al.  

(2013) [32]

CIBMTR Mature 

T‐cell NHL

241† Various MRD, 60%‡ PBSC, 71%‡ MAC, 34%

(3‐year)§

OS§ MAC, 

43%

(3‐year)

* T‐cell depleted.
† 126 underwent allogeneic HCT (myeloablative regimen, N = 74).
‡ All allogeneic HCT.
§ Patient beyond CR1 at time of allografting.
BM, bone marrow cells; BU, busulfan; CVB, cyclophosphamide/VP‐16/BCNU; CY, cyclophosphamide; EFS, event‐free survival; ETOP, etoposide; 
HL, Hodgkin lymphoma; MAC, myeloablative conditioning; MRD, matched‐related donor; NHL, non‐Hodgkin lymphoma; NR, not reported; 
NRM, nonrelaspe mortality; OS, overall survival; PBSC, peripheral blood stem cells; PFS, progression‐free survival; TBI, total body irradiation.
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Lymphoma Working Party of the European Society for 

Blood and Marrow Transplantation (EBMT) retrospec-

tively compared 149 patients who underwent RIC allo‐

HCT with 726 who underwent autografting. NRM was 

significantly higher after RIC allo‐HCT (15% vs. 3% at 1 

year; P < 0.001) but progression was lower (20% vs. 

47% at 5 years; P < 0.001). OS at 5 years was not signif-

icantly different (67% vs. 72%) [45]. Interestingly, PFS 

was not significantly different in the first 24 months, but 

later there was a significant advantage for RIC  

allo‐HCT (57% vs. 48% at 5 years; P < 0.001) [46].

It is unlikely that a prospective comparison of RIC 

versus MAC allo‐HCT for follicular lymphoma will be 

performed. A retrospective comparison on behalf of the 

CIBMTR showed 3‐year OS for MAC and RIC cohorts of 

71% and 62%, respectively (P = 0.15) and PFS of 67% 

and 55%, respectively (P = 0.07) [47]. In multivariate 

analysis, an increased risk of progression was seen after 

RIC allo‐HCT (relative risk 2.97, P = 0.04) [47]. In our 

opinion, RIC allo‐HCT has become the standard 

approach for eligible follicular lymphoma.

RIC allo‐HCT in mantle cell lymphoma
Allo‐HCT using MAC regimens offers cure to mantle cell 

lymphoma (MCL) but at the cost of a high NRM [48,49]. 

As a result, RIC regimens were pursued by several 

groups with variable results [50,51]. Patients in remis-

sion at the time of allografting derived the highest 

Table 6.2  Selected studies evaluating reduced‐intensity conditioning regimens for allogeneic HCT for various lymphomas.

Study N Histology Median age  

(years)

Conditioning  

regimen

Median  

follow‐up  

(months)

OS PFS NRM Relapse

Sirvent et al. [88] 68 DLBCL 48 FluCy or Flu/TBI 48 49% 44% 23% 41%

Bacher et al. [41] RIC, 143

NMA, 88

DLBCL RIC, 54

NMA, 54

RIC: FluMel  

or FluBu

NMC: FluCy  

or FluTBI

RIC, 41

NMA, 59

RIC, 20%

NMA, 26%

RIC, 15%

NMA, 25%

47%

36%

38%

40%

Armand et al. [89] 87 Several 46 Flu, low‐dose Bu 26 53%

(3‐year)

29% 23% 49%

Khouri et al. [42] 47 Follicular 53 FluCy/rituximab 60 85% 83% 14% 4%

Rezvani et al. [44] 62 Follicular and 

transformed

54 FluTBI 2 Gy 43% 38% 42% 20%

Piñana et al. [43] 37 Follicular 50 FluMel 52 57% 55% 35% 8%

Robinson et al. [46] 149 Follicular 46 Several 59 68%

(3‐year)

62% 22% 17%

Khouri et al. [50] 18 MCL 56 FluCy/rituximab 26 85%

(3‐year)

82% 6% 12%

Maris et al. [51] 33 MCL 53 FluTBI 2 Gy 24 60%

(2‐year)

60% 24% 9%

Le Gouill et al. [90] 70 MCL 56 Several 24 53%

(2‐year)

50% 32% NA

Fenske et al. [53] 50

88

Early MCL

Late MCL

54

58

Several

Several

48

37

62%

31%

(3‐year)

55%

24%

25%

17%

(1‐year)

15%

38%

Sarina et al. [55] 122 HL 31 Several 48 66%

(2‐year)

39% 14% 32%

Anderlini et al. [57] 58 HL 32 FluMel ± ATG 24 62%

(2‐year)

32% 15% 55%

Robinson et al. [58] 285 HL 31 Several 26 43%

(3‐year)

25% 21% 53%

ATG, antithymocyte globulin; Cy, cyclophosphamide; DLBCL, diffuse large B‐cell lymphoma; Flu, fludarabine; HL, Hodgkin lymphoma; MCL, 
mantle cell lymphoma; Mel, melphalan; NMA, nonmyeloablative conditioning; NRM, nonrelapse mortality; OS, overall survival; PFS, progression‐
free survival; RIC, reduced‐intensity conditioning; TBI, total body irradiation.
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benefit, with low relapse and NRM rates. Also, older 

patients were included in these series. Larger retrospec-

tive multicenter registry studies have been published 

more recently. One was presented on behalf of the 

British Society for Blood and Marrow Transplantation 

[52]. In this study, 70 patients underwent RIC allo‐HCT, 

57 of them with an alemtuzumab‐containing regimen. 

NRM and relapse rates were 21% and 65%, respectively 

at 5 years. Donor lymphocyte infusion was used suc-

cessfully in 14 patients [52]. In another study, the out-

comes of 381 patients who underwent first auto‐HCT 

were compared with 138 patients who underwent RIC 

allo‐HCT [53]. Patients who underwent HCT early (no 

more than two lines of therapy) had the greatest benefit, 

with similar OS (auto‐HCT 61% vs. RIC‐allo‐HCT 62%, 

P = 0.95) and PFS (auto‐HCT 52% vs. RIC allo‐HCT 

55%, P = 0.746) at 5 years. NRM was higher but relapse 

rates were lower in the RIC allo‐HCT group. No relapses 

were seen in the early allo‐HCT cohort after 2 years 

[53]. At this time, auto‐HCT remains the preferred 

option in MCL, although RIC allo‐HCT may be consid-

ered in relapsed or primary refractory disease as well as 

in patients with high‐risk first remission (high MIPI 

score) in our opinion.

RIC allo‐HCT in Hodgkin lymphoma
Because of the high NRM associated with MAC allo‐

HCT in HL, the role of allo‐HCT in patients relapsing 

after an auto‐HCT has been a matter of debate and 

controversy for several years [22,54]. A retrospective 

analysis based on donor availability [55] and a second 

one based on historical controls [56] showed improved 

OS and PFS in patients who underwent RIC allo‐HCT 

compared with conventional therapy. Furthermore, a 

large retrospective registry study from EBMT evaluating 

189 subjects with relapsed HL showed a significant 

decrease in NRM with RIC compared to those who 

received a MAC allo‐HCT (hazard ratio, 2.05; 95% CI 

1.27–3.29; P = 0.04). This reduction in NRM resulted in 

improved OS and PFS [30]. Performance score and 

disease status at transplant are strong prognostic factors 

associated with outcome [57,58]. A multicenter pro-

spective study from the GEL/TAMO group confirmed 

these findings [59]. As NRM has decreased, relapse has 

emerged as the main cause of failure [59].

Currently, RIC allo‐HCT has become the treatment of 

choice for relapsed HL after auto‐HCT. Efforts should be 

made to attain a complete response before proceeding 

with RIC allo‐HCT. New agents such as brentuximab vedo-

tin are showing promise in this particular setting [60].

Incorporating monoclonal antibodies 
in preparative regimens for allo‐HCT

Addition of rituximab to allo‐HCT preparative regimens 

aiming at improving anti‐lymphoma efficacy as well as 

potentially reducing incidence and severity of acute 

graft‐versus‐host disease (GVHD) has been shown to be 

feasible [12,18,42,61,62]. Prolonged and profound 

cytopenias associated with administration of rituximab 

as well as consequent risk of serious infections merit 

serious consideration when adding rtixumab to prepar-

ative allo‐HCT, whether MAC or RIC [63]. Moreover, 

the optimal dose and schedule of rituximab remain 

important unanswered questions. Several studies have 

shown that combining the 90Y‐labeled anti‐CD20 mono-

clonal antibody ibritumomab tiuxetan with RIC regi-

mens is a feasible approach [64–66], but data are limited 

to small single‐institution non‐randomized trials. One 

particular challenge that limits wider applicability of this 

approach is related to the level of expertise required to 

administer this agent. At present, addition of ibritu-

momab tiuxetan or others should be offered in the con-

text of clinical trials.

In contrast, in T‐cell NHL, targeted therapies with 

monoclonal antibodies have had a more limited impact 

regarding disease control. Alemtuzumab, a humanized 

anti‐CD52 monoclonal antibody, is used primarily as a 

GVHD preventive strategy [67,68]. Recently, brentuximab 

vedotin, an anti‐CD30 drug conjugate, has demonstrated 

impressive efficacy in CD30‐expressing malignancies, 

namely HL and anaplastic T‐cell NHL [2], and is presently 

used to decrease disease burden in patients being consid-

ered for an allo‐HCT [60,69].

Alternative donor sources

Less than 40% of allo‐HCT eligible patients have an 

HLA‐matched (sibling or adult unrelated) donor avail-

able. In recent years, the advent of single or double 

UCB and haploidentical (from parents, siblings, or 

children) transplantation have in theory expanded the 

allo‐HCT option to nearly all medically fit patients. To 

date, no prospective studies have evaluated the 
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optimal type and intensity of conditioning regimens 

for alternative donor allografting in patients with lym-

phoid malignancies.

Umbilical cord blood cells
UCB is widely used as an alternative source of hemato-

poietic cell support for allogeneic transplantation. It 

offers several advantages, such as immediate avail-

ability, absence of risk for donors, lower risk of acute 

GVHD, and a less stringent requirement for HLA match-

ing [70]. Novel strategies, such as the use of double UCB 

units, cotransplantation with accessory cells, and ex vivo 

expansion of UCB progenitor cells, and others have to a 

certain extent overcome the cell‐dose limitations 

inherent to cord blood units in adult allograft recipients 

[70]. RIC regimens are most commonly used for UCB 

transplantation for lymphoid malignancies, owing to 

frequently advanced age and associated comorbid 

conditions in such patients.

An NMA regimen developed at the University of 

Minnesota consisting of cyclophosphamide (50 mg/kg 

on day –6), fludarabine (40 mg/m2 on days –6 to –2) and 

TBI (2 Gy) is a commonly used preparative regimen for 

UCB transplantation. In a report of 65 patients with HL 

or NHL, this regimen resulted in an NRM of 15% at 3 

years. The PFS and OS were 34% and 55% at 3 years, 

respectively [71]. The EBMT registry analyzed outcomes 

of 104 lymphoma patients undergoing UCB transplanta-

tion, relative to the type of conditioning regimen used 

[72]. The majority of the patients undergoing NMA UCB 

transplantation received the University of Minnesota 

regimen while a variety of regimens were used for mye-

loablative transplantation (e.g., busulfan/fludarabine/

thiotepa; busulfan/cyclophosphamide ± others; or cyclo-

phosphamide/TBI ± fludarabine). In this analysis a sig-

nificantly lower NRM and better PFS and OS rates were 

seen in patients who received low‐dose TBI (a possible 

surrogate marker for the University of Minnesota 

approach). RIC regimens not incorporating low‐dose TBI 

resulted in inferior outcomes comparable to those of 

myeloablative therapies [72]. Limited data also suggest 

the feasibility of RIC with fludarabine/melphalan for 

UCB transplantation in lymphoproliferative disorders 

[73]. Acknowledging the lack of data from prospective 

studies, cyclophosphamide/fludarabine/2‐Gy TBI 

appears to be a reasonable NMA conditioning regimen 

for UCB transplantation, while myeloablative UCB allo-

grafts should preferably be reserved for clinical trials.

Haploidentical transplantation
The feasibility and reliable engraftment of haploidenti-

cal allografts using immunosuppressive and myeloabla-

tive conditioning (e.g., cyclophosphamide/TBI/thiotepa 

± antithymocyte globulin) followed by infusion of 

mega‐doses of T‐cell‐depleted hematopoietic progenitor 

cells (with, for example, soybean agglutination and E‐

rosetting techniques) in acute leukemia has been known 

for several years [74,75]. However, the application of 

such intensive conditioning approaches coupled with 

technically cumbersome T‐cell depletion has been 

limited in lymphoid malignancies, particularly in the 

elder group. This situation is further confounded by the 

fact that a sizeable proportion of lymphoma patients 

undergo an allograft after a failed prior autograft, a sce-

nario where application of MAC approaches is associ-

ated with prohibitive rates of NRM.

Recently, an alternative approach to myeloablative 

haploidentical transplantation was developed with the 

addition of post‐transplant cyclophosphamide to 

prevent GVHD and graft rejection, using marrow 

allografts after RIC with fludarabine (30 mg/m2 on 

days −6 to −2), cyclophosphamide (14.5 mg/kg on 

days −6 and −5), and 2‐Gy TBI (on day –1) [76,77]. 

This  approach has demonstrated promising results, 

including low rates of NRM in single‐ and multi‐

institution studies, and appears to provide patients 

with lymphoid malignancies an improved event‐free 

survival compared to those with myelogenous malig-

nancies (P = 0.02) [77]. However, rates of disease 

relapse with this regimen approach 50% at 1 year. 

Variations including MAC (fludarabine 25 mg/m2 on 

days −6 to −2, busulfan 110–130 mg/m2 on days −7 to 

−4, and cyclophosphamide 14.5 mg/kg on days −3 and 

−2) and use of peripheral blood grafts with post‐

transplant cyclophosphamide treatment are being 

studied in prospective trials [78]. With more intense 

conditioning regimens, 2‐year relapse rates are 

approximately 30%, but data specifically relating to 

lymphoid malignancies are not presently available. 

Consistent engraftment is not reliably seen with all 

RIC approaches, with report of high rates of immuno-

logic graft rejection with regimens consisting of 

fludarabine/busulfan and alemtuzumab [79].

In the context of alternative donor transplantation, 

continued research is needed to better define the 

optimal conditioning regimen intensity and the 

preferred method and amount of necessary T‐cell 
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depletion, address the high relapse rates with haploi-

dentical transplantation, and also enhance the delayed 

immune reconstitution inherent to such transplant 

programs. A potential method to mitigate relapse risk 

following haploidentical transplantation is planned 

donor‐cell infusions post transplantation, aimed at 

augmenting graft‐versus‐tumor effects. The groups at 

the Fred Hutchinson Cancer Center and Medical College 

of Wisconsin are investigating the role of post haploi-

dentical transplant planned donor NK‐cell infusions to 

reduce the risk of disease relapse (www.clinicaltrials.

gov; NCT00789776). The Bone Marrow Transplantation 

Clinical Trials Network’s (BMT CTN) two parallel multi-

center Phase II trials (BMT‐CTN 0603 and BMT‐CTN 

0604) showed comparable 1‐year OS and PFS with RIC 

double UCB (54% and 46%, respectively) and haploi-

dentical bone marrow transplantation (62% and 48%, 

respectively) in hematologic malignancies [80]. These 

trials have paved the way for the ongoing BMT‐CTN 

1101 trial (NCT01745913) randomizing patients with 

hematologic malignancies to either haploidentical 

transplantation or double UCB transplantation. This 

study will hopefully guide us further in choosing 

the  optimal alternative donor source, at least in the 

RIC setting.

Vaccine strategies in allo‐HCT
The rationale for considering antitumor vaccines in the 

setting of allo‐HCT appears logical, especially as 

improvements in post‐transplant outcomes following 

RIC regimens have mostly resulted from decrease in 

NRM without a major impact or even in some cases at 

the expense of higher relapse rates. Incorporation of 

vaccine strategies has the potential to further augment 

the graft‐versus‐lymphoma effect observed with 

adoptive immunotherapy in lymphoid maligancies 

[81]. Investigators at the Dana Farber Cancer Institute 

reported the feasibility of incorporating a vaccine 

strategy consisting of irradiated host CLL cells admixed 

with granulocyte–macrophage colony‐stimulating factor 

(GM‐CSF)‐secreting bystander cells following allo‐HCT 

for this particular disease. Interestingly, the authors 

reported that only CD8+ T cells from vaccinated subjects 

reacted against autologous CLL manifesting as increased 

secretion of interferon gamma [82]. Other groups have 

described encouraging results using other antigen 

targets in various hematologic diseases [83–85]. As 

advances in cancer immunology in lymphoid 

malignancies continue to develop, we anticipate that 

more effective vaccines will evolve which might ulti-

mately be used to synergize the anti‐lymphoma effect of 

alloreactive donor T cells. This could potentially improve 

curability of allo‐HCT without added toxicity.

Discussion and future direction

A better understanding of the key role of donor T cells in 

eradication of disease, lymphoid or myeloid, following 

hematopoietic cell allografting has resulted in a shift in 

practice favoring the use of RIC preparative regimens. 

Use of these regimens has broadened applicability of allo‐

HCT to patients who might have been deemed ineligible 

in the past. RIC regimens have resulted in lesser toxicity 

from the procedure and, consequently, a lower NRM, but 

has not translated into a clear survival advantage when 

compared to traditional myeloablative regimens probably 

due to a higher risk of disease relapse. Better supportive 

therapies after allo‐HCT has favorably contributed to 

lowering the mortality associated with the procedure 

[86,87]. Availability of alternative donor sources, namely 

UCB and haploidentical transplantation, has expanded 

the number of eligible patients, with lymphoid or other 

malignancies, to be considered for allo‐HCT. Further 

improvements in NRM would also necessitate 

development of more effective strategies for prophylaxis 

against GVHD as well as better therapies to treat it.

Disease relapse continues to be a serious concern and 

a major factor limiting post‐transplant outcomes. Early 

referral of eligible subjects to be evaluated for their 

candidacy for allo‐HCT is an important determinant of 

outcome as the number of pretransplant therapies is 

inversely correlated with NRM and OS in most of the 

studies. Additionally, strategies aimed at incorporating 

novel disease‐specific therapies such as monoclonal 

antibodies or others in the peri‐ or post‐transplant phase 

coupled with better tools to assess residual disease after 

allografting are necessary to continue to improve out-

comes in our opinion. Incorporating such therapies 

needs to be carefully evaluated to avoid overlapping 

toxicities. Moreover, improvements in early detection of 

residual disease or relapse might allow a more timely 

therapeutic intervention. This could prove to be an 

effective strategy, especially as adoptive immunother-

apy takes time to become fully established and its 

success depends in part on the kinetics of disease growth 

http://www.clinicaltrials.gov
http://www.clinicaltrials.gov
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and proliferation. We anticipate that development of 

more effective antitumor vaccines will continue 

to  evolve and ultimately will be incorporated in the  

allo‐HCT setting to improve cure.
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Introduction

Hematologic malignancies account for approximately 

10% of new cancer diagnoses in the United States [1]. 

For some, chemotherapy alone gives a high chance of 

cure. However, those diseases that cannot be cured 

with chemotherapy alone must often proceed to 

hematopoietic stem cell transplantation (HCT). HCT 

provides curative therapy for a variety of diseases. 

Over the past several decades, significant advances 

have been made in the field of HCT and allogeneic 

(allo)‐HCT has now become an integral part of 

treatment for a variety of hematologic malignancies 

and nonmalignant diseases [2,3]. Advances in transplan-

tation technology and supportive care measures have 

resulted in a significant decrease in early mortality, result-

ing in continued growth in the number of long‐term HCT 

survivors [3–6].

Since the first three cases of successful allo‐HCT in 

1968, the number of allo‐HCTs performed annually has 

increased steadily over the past three decades [3]. It is 

estimated that by 2015 more than 100,000 patients will 

receive HCT (combined allogeneic and autologous) 

annually throughout the world, and numbers are 

increasing rapidly. Long‐term survival after HCT has 

improved significantly since its inception over 40 years 

ago due to improved supportive care and early 

recognition of long‐term complications [7,8]. With 

broadening indications, more options for HCT and 

improvement in survival, by 2020 there may be up to 

1 million long‐term survivors after HCT worldwide. In 

order to offer the curative allo‐HCT treatment option in 

most patients, safer regimens with acceptable graft‐

versus‐host disease (GVHD)‐associated morbidity and 

transplant‐related mortality (TRM) are preferred. A 

recently published study from the M.D. Anderson 

Cancer Center showed an excellent overall survival and 

progression‐free survival (85% and 83%, respectively, 

after median follow‐up of 60 months) for relapsed 

follicular lymphoma after fludarabine, cyclophospha-

mide, and rituximab reduced‐intensity conditioning 

(RIC)  allo‐HCT [9]. Similarly, many disease‐specific 

transplant regimens are in development to improve 

transplant outcome after HCT.

In this era, a stem cell source can be found for virtually 

all patients who have an indication to receive allo‐HCT. 

Since 2007, more allo‐HCT procedures have been 

performed using stem cells from alternative donor 

sources, such as volunteer unrelated donors or cord 

blood, than those from related donors [4]. RIC 

haploidentical‐related donor or cord blood transplanta-

tions have emerged as alternatives to fill the gap for 

those patients who do not have matched related donor 

or unrelated donor [10–12] and the outcome of these 

types of transplantation are expected to be better than 

chemotherapy alone or even better than autologous 

HCT for selected indications.

Being a most effective therapy for many hematologic 

diseases creates an obligation to educate referring physi-

cians on timely referral for HCT and coordination of 

pretransplantation care to further improve transplant 

outcomes. Many physicians are not aware of procedures 

Pretransplantation evaluation, comorbidities, 
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involved in the transplant process after an initial referral 

discussion with a transplant physician and the goal of 

this chapter is to walk through the basic steps to HCT.

Initial steps

Once it is determined that a patient should consider 

HCT, several key steps are involved in progress toward 

this objective. A patient should be referred to a trans-

plant center to undergo a detailed evaluation. It is 

optimal to refer early as some pretransplant treatments 

could alter a patient’s anticipated transplant course.

Once a patient is referred to a transplant center, 

many internal steps begin. Prior to the patient’s first 

visit, the clinic staff will obtain outside records 

(Table  7.1). These would include baseline and 

cumulative laboratory results, clinic notes, hospital 

admission and discharge notes, chemotherapy infusion 

records, radiation records, and imaging reports. 

Pathology will also be requested for review at the 

transplant center for confirmation of diagnosis.

Preparation for transplant center 
evaluation

Generally a referral appointment with the transplant 

center occurs within 1–2 weeks of initial request. At the 

first visit the physician team will review patient’s history. 

This review will include diagnostic work‐up, treatment 

completed, and tolerance to the treatment. The team 

will also ask the patient numerous other questions to 

determine their eligibility for transplant. Key information 

to obtain will be past medical history, past surgical 

history, family history, substance use (prior and current), 

and social support.

Patients being considered for allogeneic stem cell 

transplant will also be asked about potential family 

donors. Potential donors would primarily include full 

siblings, but may not be limited to these. They would 

also be questioned about children, parents, and double 

first cousins. It is important for patients to be aware of 

the healthcare concerns of family members that might 

preclude them from donation, such as heart disease or 

oncologic history. If it is determined that there is a 

Table 7.1  Data review during different stages of the transplant evaluation process.

Discussion/testing Initial transplant  

center (pre‐evaluation)  

visit

Pretransplant  

evaluation

Per referring  

hematologist/ 

oncologist

Diagnosis ×

Confirm diagnosis, review pathology ×

PMH review for consults needed (for clearance) × × ×

Question regarding potential related donors × ×

Initial HLA typing ×

Confirmatory HLA typing ×

Question regarding substance use × × ×

Obtain negative substance screens × × ×

Review transplant goals × × ×

Review transplant complications (i.e., infection, GVHD) × ×

Review transplant long‐term follow‐up × ×

Review dental requirements × ×

Review organ function requirements ×

Review time required near transplant center × ×

Review need for 24‐hour caregiver during transplant × ×

Final disease testing ×

Final organ function testing and lab work × ×

Donor testing (if applicable) ×

Psychosocial evaluation ×

Outside department referrals for transplant clearance × ×

GVHD, graft‐versus‐host disease; HLA, human leukocyte antigen; PMH, past medical history.
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suitable candidate or candidates, the physician team 

will request HLA typing on the patient and family 

member(s). HLA typing results are typically available 

within 1 week.

During the initial visit, patients are also counseled 

regarding the transplant procedure. For patients who 

will be proceeding to an autologous HCT, the discussion 

will focus on the process of stem cell collection followed 

by high‐dose chemotherapy and stem cell rescue. They 

will be asked to stay near the transplant center for 

approximately 1 month after the transplant. Patients 

proceeding to allo‐HCT will be counseled on high‐dose 

chemotherapy followed by stem cell rescue from an 

allogeneic donor. They will be asked to stay near the 

transplant center for approximately 3 months after the 

transplant. These patients are at risk for GVHD. 

Discussions regarding GVHD begin at this visit. Patients 

will also be told at this visit of their dental requirements 

and the need for a 24‐hour caregiver during the acute 

transplant course.

After the initial visit, the patient is instructed to 

follow up with their local oncologist. Any recommen-

dations for further treatment prior to transplant will 

be communicated by the staff at the transplant center. 

Treatment recommendations may focus on disease 

debulking or maintenance therapy while a donor is 

selected (for allo‐HCT patients). The local oncologist 

is asked to communicate with the transplant center 

once the requested disease control is obtained or if 

there is difficulty achieving this goal. Extension or a 

change in treatment may be recommended for the 

latter scenario. The transplant center, in turn, will 

also communicate with the referring oncologist once 

the patient and family members’ HLA typing is 

complete. If no suitable donor is found, an unrelated 

donor search may be initiated.

Also, after the patient’s initial visit with the trans-

plant center, their primary hematologist will present 

the patient’s case to the transplant board. This board 

consists of both transplant and nontransplant physi-

cians. Each case is discussed in detail with a recom-

mendation to follow. If a patient is approved to proceed 

to either an autologous or allogeneic HCT, the patient 

is placed on the physician’s waiting list until all 

identified pending criteria are met. The results of this 

discussion are reviewed with the patient and referring 

physician along with what criteria must be met before 

proceeding to transplant.

Transplant center evaluation

Once a patient has met the criteria to move ahead with 

transplant and a donor has been identified (self, related, 

or unrelated), he or she is referred internally from the 

transplant center’s hematologist to the actual transplant 

program. The patient’s insurance company is contacted 

to gain initial clearance to proceed with further testing 

to ensure eligibility. The patient will be contacted by the 

transplant nurse practitioner to set up a thorough trans-

plant evaluation.

During the evaluation, patients will undergo disease 

and organ function testing as well as a teaching session 

[13]. Disease testing may include hematology, bone 

marrow biopsy, radiological scans, and possibly a 

lumbar puncture. Organ function testing will include 

electrocardiogram, chest X‐ray, echocardiogram, and a 

pulmonary function test. Other blood work beyond 

disease testing will include a comprehensive metabolic 

panel, cholesterol and triglyceride levels, viral testing, 

urinalysis, drug and nicotine screens. Women will 

have hormone levels tested along with a pregnancy 

test. Men will have prostate‐specific antigen checked. 

Allo‐HCT patients will also see physical therapy and 

have a baseline bone density scan performed. If any of 

the evaluation work‐up is abnormal or if a patient is 

known to have health concerns, additional referrals 

will be made at this time. Referrals may include cardi-

ology, urology, pulmonology, or infectious disease, for 

example. These referrals may require additional visits 

to the transplant center.

During the transplant evaluation, patients will be 

counseled further about the need for a 24‐hour care-

giver during transplant. They will be asked to submit 

their dental clearance and must have a tuberculosis 

skin test completed. Patients will have a visit with the 

financial counselor during the evaluation as well as 

meet with a research team member to assess if they 

are eligible for any current transplant‐related clinical 

trials. Patients will also meet with a social worker. The 

social worker will assist with securing local housing 

for the transplant, but will also screen for any psycho-

social concerns that may cause barriers to transplant. 

The social workers also help inform patients of char-

ities and programs that can assist patients throughout 

the transplant.

Transplant education is a significant portion of 

the  evaluation. A mid‐level provider will meet with 
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the patient and caregiver(s) to not only review his or 

her in‐depth history but also to inform the patient of 

the anticipated course along with the risks and bene-

fits of the transplant. Items discussed will be proposed 

treatment dates, central line placement, treatment 

regimen (chemotherapy and/or radiation), nutrition, 

need for transfusions, infection risk, GVHD, and long‐

term complications. Patients will also be informed of 

TRM, along with other alternatives to transplant 

management.

Post‐evaluation review and final 
pretransplant process

For patients proceeding directly to transplant, a 

calendar will be reviewed with them. Patients awaiting 

dates from an unrelated donor (through the National 

Marrow Donor Program) will be asked to continue 

routine follow‐up with their referring physician and 

possibly receive interim therapy. After the evaluation, 

it typically takes a full week for all results to become 

available. Once these data are obtained, the patient’s 

insurance company is again contacted, this time for 

final approval to proceed. Insurance approval typically 

occurs within 1 week. Therefore, most patients will 

begin transplant about 2 weeks after initial evaluation, 

provided no additional work‐up is needed. Patients 

undergoing transplants from unrelated donors usu-

ally  wait about 6 weeks between evaluation and 

transplant.

For those patients with related donors, the donor 

will undergo simultaneous work‐up. Donors will be 

asked to come to the transplant center for their 

evaluation. Their evaluation will include blood 

work,  tuberculosis testing, electrocardiogram, and 

chest X‐ray. They will also undergo questioning 

regarding medical history and potential exposures 

which might present a risk to the recipient. Physical 

examination, along with the above‐mentioned studies, 

will help determine any risks to the donors themselves. 

Donors will also be counseled regarding the procedure 

and their individual risk.

After all testing is complete and insurance approval 

has been obtained, the recipient will undergo a final 

day of evaluation just prior to the start date for the 

transplant. This is to ensure no significant changes have 

occurred since evaluation that might place a patient at 

greater risk after transplant. This evaluation includes a 

physical examination, blood work, and questioning 

regarding current health status. Multiple physicians 

will review all the patient (and donor if applicable) 

information. If all data are unchanged and no height-

ened risk is identified, the patient will then proceed to 

central line placement and chemotherapy in prepara-

tion for the transplant. A handover procedure is in 

place to ensure smooth transition to the post‐transplant 

team that will then assume care. Referring physicians 

will be sent periodic updates as well as end of treatment 

notifications and recommendations.
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Introduction

Autologous hematopoietic stem cell transplant aims to 

restore normal bone marrow function after high‐dose 

chemotherapy using an individual’s own stem cells, with 

the ideal source for collection being the peripheral blood. 

Because of low concentrations in the peripheral blood at 

steady state, it is necessary to recruit hematopoietic stem 

cells (HSCs) from the bone marrow to the peripheral 

circulation in a process termed “stem cell mobilization.” 

Collection of peripheral blood stem cells (PBSCs) has 

largely replaced bone marrow collection due to more 

efficient engraftment, shorter hospital stays, improved 

patient outcomes, and lower costs. However, methods of 

mobilization and collection vary widely across institu­

tions and depend on multiple variables, including patient 

safety, efficacy, physician familiarity, cost‐effectiveness, 

and availability of multidisciplinary coordination across 

departments.

Historically, PBSCs were mobilized using chemo­

therapy after it was observed that high‐dose chemother­

apy increases the concentration of circulating stem 

cells  [1]. Currently, methods for mobilization rely on 

either growth factor cytokines, such as granulocyte 

colony‐stimulating factor (G‐CSF, or filgrastim), or che­

motherapy plus G‐CSF. Stem cells are anchored to the 

stromal network of the bone marrow by numerous 

adhesion molecules, and these bonds can be loosened in 

order to mobilize stem cells into the peripheral circulation 

[2]. Following the observation that G‐CSF receptors on 

stem cells are not necessary for mobilization, it is believed 

that G‐CSF leads to granulocyte activation and the 

release of proteases, which cleave the adhesion 

molecules that hold stem cells in the bone marrow [2,3]. 

In addition, a clinically useful target called stromal‐

derived factor (SDF)‐1 is expressed by stromal cells and 

binds to CXCR4, a receptor found on CD34‐positive 

stem cells [4]. The interaction regulates stem cell homing 

and migration, and its disruption results in the release of 

stem cells into the circulation. This is the target of the 

reversible chemokine receptor antagonist plerixafor 

(Mozobil), which is approved for use in combination 

with G‐CSF in autologous stem cell transplant for 

patients with lymphoma and multiple myeloma [5].

Previously, no clear standard approach or recommen­

dations for autologous stem cell mobilization had been 

defined; however, guidelines were released in early 

2014 by a panel of experts for both the American Society 

for Blood and Marrow Transplantation and the 

European Group for Blood and Marrow Transplantation 

[6–8]. These consensus guidelines will help guide 

clinical practice for choosing methods of mobilization 

and address difficult situations, such as how to approach 

poor mobilization, special populations, and possible 

complications of mobilization and collection.

Methods for mobilization

The current methods for mobilization of PBSCs in auto‐

stem cell transplant are shown in Figure 8.1. The present 

preferred method is G‐CSF monotherapy, or steady‐

state mobilization. G‐CSF has been shown to be 

superior  to sargramostim, or granulocyte–macrophage 

Stem cell mobilization in lymphoma patients
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colony‐stimulating factor (GM‐CSF), as well as the 

combination of G‐CSF and GM‐CSF [9–11]. Other 

formulations of G‐CSF include lenograstim (glycosylated 

G‐CSF) and the longer‐acting pegfilgrastim (pegylated 

G‐CSF). Lenograstim has been shown to be of equivalent 

efficacy to filgrastim, while pegfilgrastim remains more 

expensive with possibly higher toxicities and is not 

routinely used [12]. However, emerging data indicate that 

pegfilgrastim may have similar efficacy, with the advantage 

of a single longer‐acting injection, and therefore may be 

more widely used as familiarity increases [13–15].

The recommended dosing of both filgrastim and leno­

grastim is 10 µg/kg daily, with leukapheresis on the fifth 

day. The majority of centers administer this as a once‐

daily subcutaneous injection, as higher doses of 12–16 

µg/kg daily or split dosing of 5 µg/kg twice daily have 

been shown to result in more efficient collection but 

higher toxicity profiles, cost, and inconvenience [16–18]. 

It is recommended that filgrastim be administered for 5–7 

days consecutively, and lenograstim for 4–6 days consec­

utively [2,6]. Leukapheresis is performed on the final 

day, the specific guidelines for which are discussed in the 

following section. Studies have shown improved efficacy 

of stem cell collection when G‐CSF is given 3 hours 

before apheresis, compared to the evening prior [19].

G‐CSF monotherapy has the inherent advantages of 

low cost, minimal toxicity, and predictable kinetics to 

enable easier calculation of apheresis timing. However, 

the addition of chemotherapy to G‐CSF, termed “che­

momobilization,” can increase the yield of CD34‐positive 

stem cells at the time of collection and has the added 

benefit of a possible further decrease in tumor burden 

[20]. Chemotherapy for mobilization can be adminis­

tered during the disease‐specific initial induction or 

salvage therapies, or later as a separate monotherapy. It is 

generally preferred to administer G‐CSF along with che­

motherapy as part of disease‐specific therapy, especially 

in heavily pretreated patients, in an effort to minimize 

the need for additional mobilization. Treatment regimens 

that include mobilization in the initial cycles of induction 

or salvage chemotherapy have been shown to possibly 

reduce collection failure rates to less than 3% [6]. In 
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Figure 8.1  Current mobilization strategies for autologous hematopoietic stem cell transplant (HSCT): a) steady‐state mobilization 

with growth factor alone, b) chemotherapy‐based mobilization with disease‐specific chemotherapy or c) separate mobilization 

chemotherapy, and d) plerixafor plus G‐CSF.
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addition, chemotherapy for mobilization apart from 

disease‐specific therapy is more costly and toxic than 

G‐CSF alone. The majority of chemomobilization regi­

mens include cyclophosphamide or etoposide, with some 

evidence showing improved yields with etoposide‐

containing regimens [21,22]. There is no clear consensus 

on chemotherapy dosing, as increased doses show better 

stem cell yield and engraftment, but with additional 

toxicity and cost [23]. It was hypothesized that chemo­

mobilization would reduce graft contamination and 

therefore improve long‐term response rates, but this has 

not been confirmed. Compared with G‐CSF alone, che­

momobilization is associated with increased overall cost, 

increased episodes of neutropenic fever, and more 

patient hospital stays, but no difference has been found 

for mortality, overall survival, or long‐term risk of 

secondary malignancy [24]. G‐CSF added to myelo­

suppressive chemotherapy is given at a recommended 

dose of 5–10 µg/kg daily for 1–5 days after the comple­

tion of chemotherapy until the time of leukapheresis [8].

In 2008, the novel agent plerixafor was approved for 

use in patients with non‐Hodgkin lymphoma and mul­

tiple myeloma and is currently used most commonly in 

conjunction with G‐CSF. It may be used for delayed 

remobilization after patients fail initial mobilization, or 

as a “preemptive” measure along with G‐CSF or chemo­

mobilization in patients with low pre‐apheresis counts 

or predicted failure. Plerixafor has a quicker onset of 

action than G‐CSF, with peak mobilization of CD34‐

positive cells in just 4–10 hours, and has a more 

sustained effect, decreasing difficulties with apheresis 

timing [5]. Recommended dosing is 240 µg/kg subcuta­

neously on the day of apheresis, following four prior 

days of G‐CSF therapy. Patients with creatinine 

clearance less than 50 mL/min tolerate a reduced dose 

of 160 µg/kg [25]. Studies have shown that initial 

addition of plerixafor to G‐CSF leads to increased yield, 

fewer days of apheresis, and lower failure rates com­

pared to G‐CSF monotherapy or G‐CSF plus chemo­

therapy [26,27]. In addition, plerixafor plus G‐CSF has 

been shown to effectively mobilize patients who have 

previously failed G‐CSF monotherapy or chemomobili­

zation [28]. Given its current high relative cost, most 

centers reserve the addition of plerixafor to those 

patients who are known or predicted poor mobilizers at 

high risk for failure of adequate collection [29–31]. 

Monitoring of pre‐ apheresis CD34‐positive cell counts 

may aid in detecting patients at risk for poor 

mobilization. Many published reports from centers 

which have adopted a protocol for the addition of 

plerixafor in patients with low peripheral blood CD34+ 

counts prior to apheresis have found failure rates less 

than 10%. Some have shown that despite the additional 

cost of plerixafor, the decreased failure rates result in an 

overall optimization of resources [31,32]. Studies on the 

effects of combining all three methods (G‐CSF, chemo­

mobilization, and plerixafor) are ongoing [33].

Stem cell collection and apheresis

Collection of CD34‐positive stem cells must be adequate 

in order for hematopoietic recovery to occur. A dose of 

2 × 106 cells/kg is generally considered adequate for 

engraftment, but many studies suggest that the optimal 

dose is at least 5 × 106 cells/kg. More appears to be 

better, with increasing doses showing more robust 

recovery and improved overall survival in so‐called 

“supermobilizers” [34–36]; however, these data have 

not yet been collected in well‐controlled patient popula­

tions. A peripheral blood CD34‐positive cell count of 

more than 20/μL by flow cytometry generally allows for 

a goal collection of more than 2 × 106 cells/kg, but this 

continues to be debated [37]. Given that CD34‐positive 

cells peak around 4–6 days after beginning G‐CSF, it is 

recommended to begin monitoring pre‐apheresis counts 

on day 4 or 5. The same is true for the addition of plerix­

afor. Leukapheresis is then generally initiated on day 5. 

For patients undergoing chemomobilization plus G‐CSF, 

cell counts peak later at around 8–10 days, so moni­

toring should begin around day 8. The peak time for 

leukapheresis is less predictable for chemomobilization 

and is generally guided by a threshold cell count [6,8].

Stem cell collection has been shown to be more effi­

cient at larger volumes of at least four times the patient’s 

blood volume. Higher volumes are especially recom­

mended for those patients felt to be poor mobilizers 

[38]. This is not recommended for those at risk for 

cardiac issues, as increased volumes and increased 

dimethyl sulfoxide content in the infusion product are 

associated with cardiac side effects [39]. Large‐volume 

apheresis is generally safe, with additional risks 

including more exposure to anticoagulant, higher levels 

of citrate causing muscle cramping, and worsened 

thrombocytopenia [40]. It is recommended that up to 

four leukapheresis sessions are practical. Additional 
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sessions add increased cost and are rarely successful. 

Higher volumes should not be obtained at the cost of 

increasing the number of leukapheresis sessions.

Poor mobilizers and mobilization 
failure

Predicting patients who will be difficult to mobilize can 

help determine the best initial method for mobilization. 

Attempting to prevent initial failure can save the exten­

sive utilization of resources such as growth factor and 

transfusion support, antibiotics, apheresis days, and 

hospital admissions associated with failure and remobili­

zation attempts [41]. However, despite the establishment 

of predictive models and the knowledge of characteristics 

that increase the likelihood of failure, predictions of who 

will mobilize poorly remain less than accurate. One 

strategy is to preemptively use plerixafor as an initial 

mobilization technique in patients who are at high risk 

for failure based on their clinical history. Factors that have 

been described as predictive of a high risk for failure are 

listed in Table 8.1 and include older age, time from diag­

nosis to transplant, more advanced disease, lower bone 

marrow cellularity, higher number of prior treatment reg­

imens, previous radiation therapy or certain chemo­

therapy drugs, history of prior stem cell transplant, lower 

platelet count prior to mobilization, and lower PBSC 

counts prior to apheresis. Number of prior chemotherapy 

cycles and PBSC counts seem to be the most consistent 

predictors of poor mobilization [42–46]. Monitoring 

actual pre‐apheresis peripheral blood CD34‐positive cell 

counts is another strategy that can identify who is at risk 

for poor mobilization, as these counts have been shown 

to correlate with the number of CD34‐positive stem cells 

collected during apheresis [37]. Patients with low 

peripheral blood CD34‐positive cell counts can then 

undergo salvage mobilization techniques and hopefully 

reduce the rate of failure. Retrospective analysis of 

patients with Hodgkin or non‐Hodgkin lymphoma and 

prior mobilization with G‐CSF alone showed that ideal 

peripheral blood cell counts of less than 6/μL on day 4 or 

5 was predictive of failure to collect at least 2 × 106 cells/kg, 

while a cell count less than 15/μL predicted failure to 

collect at least 4 × 106 cells/kg. This supports creating a 

peripheral blood CD34‐positive cell count cut‐off based 

on collection targets [47]. Both the preemptive and risk‐

adapted strategies have been shown to result in failure 

rates less than 10% in many studies [32,48].

Currently, many centers use algorithms that take into 

account both the pre‐apheresis peripheral blood CD34‐

positive cell counts and other influential factors, such as 

number of prior treatment lines, in order to determine 

who should receive plerixafor prior to apheresis. The 

European Society for Blood and Marrow Transplantation 

(EBMT) issued recommendations in their 2014 position 

statement that call for the use of preemptive plerixafor 

if peripheral blood CD34‐positive cell counts are below 

10/μL (Figure 8.2). The EBMT recommend considering 

the patient’s treatment history and predicted future 

transplant course to determine if plerixafor is appro­

priate for those that fall into the “gray zone” of 10–20 

cells/μL. No plerixafor is needed for those patients with 

greater than 20 cells/μL prior to apheresis. The American 

Society for Blood and Marrow Transplantation also 

issued 2014 guidelines in which the use of preemptive 

plerixafor is supported and it is recommended that each 

institution develop an algorithim for determining poor 

mobilizers. The Gruppo Italiano Trapianto di Midollo 

Osseo working group proposed a definition of poor 

mobilizers in order to guide future trials and clinical 

practice, which they defined as circulating CD34‐

positive cell peak less than 20/μL up to 6 days after 

mobilization with G‐CSF or up to 20 days after chemo­

therapy plus G‐CSF, or yielding less than 2.0 × 106 

CD34‐positive cells per kilogram in up to three apher­

esis sessions. Patients were defined as predicted poor 

mobilizers if they failed a previous collection attempt, 

previously received extensive radiotherapy, or received 

full courses of therapy affecting stem cell mobilization, 

and they met two of the following criteria: advanced 

disease, refractory disease, extensive bone marrow 

involvement, cellularity less than 30% at the time of 

Table 8.1  Risk factors associated with poor mobilization in 
autologous stem cell transplant [41–45].

Age greater than 60 years

Shorter time interval from diagnosis or prior treatment to 

transplant

Advanced or refractory disease

Increased number of prior chemotherapy regimens

Prior radiotherapy

Lower bone marrow cellularity or higher tumor infiltration of the 

bone marrow

Lower platelet count

Lower peripheral blood stem cell count
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mobilization, or age 65 years and above. This definition 

has been supported retrospectively but has yet to 

undergo prospective validation [49,50].

In the event of initial failure, it is recommended to 

give patients a break of 2–4 weeks prior to attempting a 

remobilization strategy. Steady‐state mobilization with 

G‐CSF alone is not considered adequate for remobiliza­

tion and is associated with a high repeat failure rate. 

Previously, chemomobilization was recommended as the 

initial remobilization strategy in patients who had failed 

prior G‐CSF alone, but failure rates remain high [28,51]. 

Bone marrow harvest has also been a customary strategy 

for remobilization harvest, but is no longer typically per­

formed due to increased costs, patient discomfort, 

increased risk of tumor contamination, and poor success 

rates in poor mobilizers. Currently, the recommended 

strategy for remobilization is G‐CSF plus plerixafor, 

which has shown failure rates less than 30% in the 

majority of studies [28,52–54]. This strategy appears to 

be adequate even in patients who previously failed 

salvage therapy containing plerixafor [55]. The addition 

of plerixafor to chemotherapy increases success rates but 

has not been studied sufficiently to be recommended as 

a remobilization strategy and remains unpredictable.

Special populations

Obese
It has been suggested that the efficacy of stem cell mobi­

lization is affected by the physiology and pharmacoki­

netics of a higher body mass index (BMI). Evidence 

from both autologous and allogeneic transplantation 

has shown that obese patients are likely to respond 

more to mobilization, possibly due to higher doses of 

chemotherapy or G‐CSF, or due to some intrinsic phys­

iologic mechanism. Unlike patients with normal BMI, 

obese patients do show a significant difference in 

efficacy with once‐daily versus split dosing of G‐CSF. 

Improved cell collection is seen after treatment with 

once‐daily dosing compared to split dosing, likely due to 

differences in the pharmacokinetics of these patients 

[56]. In addition, plerixafor likely has impaired efficacy 

in obese patients due to a possible proinflammatory 

state that increases SDF‐1. It has been shown that obese 

patients usually require an additional apheresis session 

and increased doses of plerixafor for mobilization, but 

the ability to collect stem cells is not impaired [57]. It is 

unclear whether obese patients should have cells col­

lected with their actual or ideal body weight in mind as 

a goal. Thus far, studies have shown improved efficacy 

with increasing cell dose, but no difference between 

using ideal or actual body weight. Additional cost 

savings are likely with dosing by ideal body weight, but 

this has not yet become standard clinical practice [58].

Diabetes mellitus, a frequent complication of obesity, has 

also been shown to affect stem cell mobilization. It is sus­

pected that the bone marrow is affected by microangio­

pathic injury in a similar manner as other microvascular 

complications of the disease. Through complex mecha­

nisms, the presence of diabetes has been shown to down­

regulate proteases responsible for G‐CSF stimulated 

mobilization. However, the ability to respond to plerixafor 

appears to remain intact, suggesting that this may be a better 

mobilization choice for those patients likely to be suffering 

from complications of type 1 or type 2 diabetes [59].

Measure peripheral blood
CD34+ stem cell count
via �ow cytometry prior

to apheresis

Perform apheresis with
target cell collection of

2 × 106 cells/kg

Consider plerixafor based
on patient’s clinical

history, risk factors, and
anticipated future

transplantation needs

Give preemptive
plerixafor prior to

apheresis

> 20 cells/μL

<10 cells/uL

10–20 cells/μL

Figure 8.2  EBMT position statement algorithm for determining the use of preemptive plerixafor prior to apheresis for the rescue of 

poor mobilization. From Mohty et al. [7]. Reproduced with permission of Nature Publishing Group.
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Children
Pediatric patients are generally mobilized in a manner 

similar to adults. G‐CSF, usually in conjunction with 

disease‐specific chemotherapy, is the recommended 

choice for initial mobilization, at a dose of 10 µg/kg daily 

for 1–5 days, with leukapheresis performed on the fifth 

day. As with adults, studies of higher growth factor dos­

ing have shown slightly more efficacy but increased tox­

icity profiles [60]. Pegfilgrastim has also been recently 

studied in the pediatric population, showing early 

CD34‐positive cell peaks and higher yields, even in 

those patients with heavy prior chemotherapy exposure 

[61]. It is not yet recommended for mobilization in 

pediatric patients, but Phase II and III studies support its 

use with similar efficacy to filgrastim, without any addi­

tional toxicities and the possible benefit of reduction in 

neutropenia and febrile neutropenia episodes [62,63]. 

The minimum goal dose of stem cells for sufficient 

engraftment is 2 × 106 cells/kg, as in adults. In heavily 

pretreated pediatric patients, mobilization with chemo­

therapy plus G‐CSF may be unsuccessful. Strategies for 

poor mobilization include remobilization attempts and 

dose escalation of G‐CSF. Plerixafor has been shown to 

be successful in pediatric patients who are difficult to 

mobilize in some case series, but is not yet routinely 

used [64,65].

Complications

The administration of growth factor or plerixafor for 

mobilization and the process of collection via apheresis 

both come with particular complications. G‐CSF is 

relatively benign, with the most common side effect 

being musculoskeletal pain. More significant adverse 

effects, such as transient hypotension, worsening throm­

bocytopenia, elevated liver enzymes and uric acid, and 

splenomegaly, are infrequent and rarely cause discon­

tinuation of the drug. Plerixafor does not commonly 

carry the side effect of bone pain, as its mechanism of 

action does not result from bone marrow hyperplasia. 

The most common side effects associated with the use of 

plerixafor include gastrointestinal upset and injection‐

site erythema. Similar to G‐CSF, transient hypotension 

and worsening thrombocytopenia have also been 

reported [66,67]. As indicated previously, dose adjust­

ment is recommended for those patients with renal 

failure as this is the primary route of excretion for the 

drug. Lower doses have been used successfully to 

mobilize patients with end‐stage renal disease without 

an increase in toxicity [25,68]. Both drugs have similar 

side‐effect profiles in elderly transplant patients, 

compared to those less than 60 years of age [66].

The majority of complications during mobilization are 

associated with the process of apheresis, which usually 

requires repetitive access of a central venous catheter. 

With this comes an inherent risk of infection, increased 

by the use of chemotherapy for mobilization. 

Hematologic complications resulting from apheresis 

include anemia and thrombocytopenia, sometimes 

requiring transfusion support. Thrombocytopenia 

combined with the need for anticoagulants in the extra­

corporeal circuit of the apheresis machine increases 

bleeding risk, especially in those patients with lower 

platelet counts before apheresis [69]. Patients may com­

plain of muscle cramping or paresthesias associated with 

citrate and resulting hypocalcemia, which resolves with 

calcium administration. This reaction is more common 

in patients with underlying renal or liver dysfunction 

due to altered calcium homeostasis [70]. Hypocalcemia 

can be treated by slowing the rate of apheresis, increasing 

the blood to citrate ratio, and administering calcium 

replacement. Hypomagnesemia, hypokalemia, or meta­

bolic alkalosis may also occur and can be treated with a 

slower rate and electrolyte replacement. Large shifts in 

volume during apheresis can result in hypovolemia and 

possible life‐threating cardiac arrhythmias, so close 

attention should be paid to the patient’s volume state, 

especially in those with underlying cardiac disease.

Future considerations

There are accumulating data indicating that early 

lymphocyte recovery is associated with outcomes of 

hematologic malignancies after autologous hematopoi­

etic stem cell transplantation (HSCT). Early lymphocyte 

recovery, its composition and impact on outcome 

depends on a variety of factors; however, very limited 

information is available on the pattern of early lympho­

cyte recovery after different mobilization strategies  

(G‐CSF vs. G‐CSF plus high‐dose chemotherapy vs. G‐CSF 

 plus plerixafor). Similarly, the findings from a recent 

study demonstrate that G‐CSF plus plerixafor mobiliza­

tion can affect the numbers and properties of immune 

competent cell subsets contained in the graft.
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We have recently shown that grafts mobilized with 

G‐CSF plus plerixafor exhibited major differences in graft 

composition and favorable post‐transplant outcome 

compared with grafts mobilized with G‐CSF alone or G‐

CSF plus high‐dose chemotherapy after autologous HSCT. 

G‐CSF plus plerixafor mobilization accelerates lymphocyte 

engraftment, even in heavily pretreated groups, compared 

to G‐CSF alone or G‐CSF plus high‐dose chemotherapy. 

Recent data have also shown that plerixafor reduces pro­

inflammatory cytokine/chemokine production and 

significantly improves animal survival when adminis­

tered from day +2 post HSCT and this property might also 

reduce the risk of post‐transplant mucositis; however, 

this remains to be studied in clinical trials.

Stem cell mobilization for autologous HSCT is a devel­

oping and progressing area of transplant medicine. 

Clinical practice varies widely across institutions 

depending on resource availability, patient population, 

and physician comfort. This chapter discusses current 

recommendations and most common practices for stem 

cell mobilization, pointing toward multiple areas for 

additional research and the evolving use of different 

mobilization agents.
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Historical perspective

For many years, hematopoietic stem cell transplantation 

(HSCT) has been a part of the treatment armament for a 

variety of both solid tumors and hematologic malignant 

conditions. High‐dose chemotherapy followed by autol­

ogous HSCT has been used to treat solid tumors such as 

breast and testicular cancer. Both autologous and allo­

geneic HSCT is used to treat hematologic malignancies 

such as acute leukemia and lymphoma. While rela­

tively rare in current practice for the management of 

solid  tumors, HSCT continues to have utility in the 

management of high‐risk hematologic malignancies. 

For lymphoma specifically, the autologous HSCT 

approach has historically been favored over allogeneic 

HSCT as the most commonly utilized stem cell trans­

plant technique. As Jantunen and Sureda [1] report in 

their review “The evolving role of stem cell transplants 

in lymphomas,” approximately 6000 autologous trans­

plants are undertaken annually in Europe for lym­

phomas [1]. In the United States, lymphoma trails only 

multiple myeloma as the most common indication for 

autologous HSCT. According to the Center for 

International Blood and Marrow Transplant Research 

(CIBMTR), approximately 3000 autologous transplants 

were performed in the United States in 2011 for the 

treatment of non‐Hodgkin lymphoma.

The role for allogeneic (hematopoietic stem cells 

derived from a healthy donor) transplantation in the 

treatment of lymphoma is less well established. The 

refinement of allogeneic transplantation techniques 

has led to an increased utilization of this therapy for 

patients with high‐risk, relapsed or refractory lym­

phoma. In the past decade, the number of autologous 

transplants has remained relatively stable. In contrast, 

the number of allogeneic transplants over the same 

period has increased dramatically. The CIBMTR data­

base details that from 1998 to 2004, only 20% of all 

transplants for major hematologic malignancies per­

formed in adults over 50 years of age were allogeneic. 

This percentage increased to nearly 40% for the period 

from 2005 to 2011 [2].

Rationale for allogeneic 
transplantation

Autologous HSCT offers a potentially curative option 

for patients with relapsed/refractory and high‐risk lym­

phomas. For autologous HSCT, the main therapeutic 

effect is derived from the chemotherapeutic agents, 

sometimes accompanied by radiation. In contrast, 

when using allogeneic transplantation, the donor‐

derived immune system that is reconstituted in the 

recipient leads to immune activation against residual 

tumor cells. This process is often referred to as the graft‐

versus‐tumor response. While this graft‐versus‐tumor 

response is beneficial, a parallel but deleterious process 

in recipients of allogeneic transplants is termed graft‐

versus‐host disease (GVHD), which is characterized by 

immune activation directed against normal recipient 

tissue. In this condition, the transplanted cells identify 

Allogeneic hematopoietic stem cell 
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immune epitopes present in the recipient as foreign and 

mount an immune response (mainly T‐cell mediated) 

against these antigens. The graft‐versus‐tumor theory 

is supported by evidence that patients with GVHD have 

a lower incidence of relapse. In a recent retrospective 

study of over 2000 patients with a variety of hemato­

logic malignancies that underwent HSCT, patients who 

developed either acute or chronic GVHD had a reduced 

risk of late relapse when compared to patients who did 

not develop GVHD [3]. Donor T cells, natural killer 

(NK) cells, and possibly B cells are implicated in this 

reaction. In addition, it has also been demonstrated that 

infusion of additional donor lymphocytes following 

transplantation has the potential to augment the graft‐

versus‐tumor response in leukemia patients, sometimes 

without inducing GVHD [4].

The proper role of allogeneic HSCT for treatment of 

lymphoma continues to be defined. For the purpose 

of this chapter, we will discuss lymphoma broadly. We 

will explore stem cell sources and the influence of 

donor and human leukocyte antigen (HLA) matching 

on a variety of outcome measures including but not 

limited to hematologic recovery, GVHD, and survival 

after allogeneic HSCT. However, the impact of alloge­

neic transplant may differ for the varying subtypes of 

lymphoma and subsequent chapters in this book cover 

disease‐specific outcomes.

Stem cell source

Bone marrow
Until the early 1990s, bone marrow harvested directly 

from the posterior iliac crests of a donor was the only 

widely available source for a stem cell graft. This is typi­

cally performed either under general anesthesia or with 

a regional block paired with conscious sedation. Using 

this technique, approximately 700–1500 mL of aspirate 

must be extracted in order to obtain a sufficient number 

of stem cells to ensure engraftment in an adult recipient.

Mobilized peripheral blood
With the advent of stem cell mobilization techniques, 

stem cell collection from the peripheral blood became 

feasible via apheresis. Peripheral blood stem cell collec­

tion has replaced bone marrow harvests as the preferred 

stem cell source for autologous transplantation. Several 

techniques are available to mobilize stem and progen­

itor cells into the peripheral blood. The standard method 

is to treat the donor with granulocyte colony‐stimulating 

factor (G‐CSF) at a dose of 10–15 µg/kg daily, with peak 

mobilization occurring on day 5 of treatment. A large‐

volume leukapheresis procedure is then performed 

using peripheral or central venous catheters. For autol­

ogous stem cell collection, G‐CSF is often used following 

a cycle of cytotoxic chemotherapy, resulting in peripheral 

blood stem and progenitor cell mobilization.

Umbilical cord blood
High concentrations of hematopoietic stem and pro­

genitor cells contained within umbilical cord blood 

collected at the time of delivery has resulted in a third 

source of stem cells for transplantation. Allogeneic 

umbilical cord blood transplantation was first performed 

in 1988, confirming the presence of stem cells capable of 

long‐term hematopoiesis. Since then, use of these cells 

for transplantation has steadily increased, first in the 

pediatric population and now in adults [5]. These cells 

are now being processed and cryopreserved in public 

and private cord blood banks throughout the world.

Stem cells collected from bone marrow, peripheral 

blood, or umbilical cord blood have each demonstrated 

the potential to facilitate reliable engraftment following 

transplantation. However, each graft source is associ­

ated with its own challenges. In general, as discussed in 

later sections, HLA‐matched peripheral blood or bone 

marrow grafts are the first choice for adult recipients of 

allogeneic HSCT.

Allogeneic bone marrow versus mobilized 
peripheral blood transplantation
When comparing outcomes from transplants using bone 

marrow or peripheral blood stem cells as the source, 

much of the available data involves patients with acute 

myeloid leukemia, chronic myelogenous leukemia, 

aplastic anemia, and myelodysplastic syndromes. Robust 

lymphoma‐specific data are not yet available. This sec­

tion explores differences in outcome measures that are 

attributable to stem cell source, including likelihood of 

engraftment, disease relapse, speed of hematologic 

recovery, and incidence of GVHD.

The largest trial comparing bone marrow and 

peripheral blood stem cell transplantation is a retro­

spective analysis from the European Bone Marrow 
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Transplant registry comparing 536 adult patients 

(defined as 20 years of age or older) who underwent 

HLA‐identical allogeneic HSCT using bone marrow 

with 288 adult patients who underwent HLA‐identical 

sibling transplants using peripheral blood stem cells. 

Patients were transplanted for acute leukemia in first or 

second remission or chronic myelogenous leukemia in 

chronic or accelerated phase, after undergoing mye­

loablative conditioning (using total body irradiation, 

cyclophosphamide, busulfan, etc.). Recipients of 

peripheral blood stem cell transplantation had more 

rapid recovery of neutrophils (median 14 days vs. 

19 days for bone marrow) and platelets (median 18 days 

vs. 25 days for bone marrow recipients). There was 

no  statistically significant difference in acute GVHD. 

However, chronic GVHD was more prevalent after 

peripheral blood stem cell transplantation than after 

bone marrow stem cell transplantation. There was no 

difference in the incidence of relapse. Leukemia‐free 

survival and overall survival had mixed results and 

depended on the disease type and the stage of disease 

[6]. This study compared outcomes for a large group of 

transplant recipients and it is generally accepted to also 

apply to patients with lymphoma.

These findings were validated in a prospective fashion 

by a randomized study comparing 172 patients (aged 

12–55 years) with a variety of hematologic malignancies 

(including Hodgkin and non‐Hodgkin lymphoma) who 

underwent HLA‐identical allogeneic HSCT with either 

peripheral blood or bone marrow‐derived stem cells 

following myeloablative conditioning. This study again 

demonstrated faster neutrophil and platelet count 

recovery in those patients who received peripheral 

blood HSCT compared to those who received bone 

marrow HSCT. However, unlike the previous study, 

there was no significant difference in the cumulative 

incidence of acute and chronic GVHD (for acute GVHD, 

64% for peripheral blood HSCT vs. 57% for bone 

marrow HSCT, P = 0.35; for chronic GVHD, 15% for 

peripheral blood HSCT vs. 12% for bone marrow HSCT, 

P = 0.57). Transplant‐related mortality for recipients of 

peripheral blood stem cells and bone marrow stem cells 

was 21% and 30% (P = 0.24), respectively. Disease‐free 

survival at 2 years was significantly better in the group 

receiving peripheral blood stem cells (65%) compared 

to the recipients of bone  marrow stem cells (45%). 

Relapse at 2 years in recipients of peripheral blood stem 

cells and recipients of bone marrow stem cells was 14% 

and 25% (P = 0.04), respectively. There was a trend 

toward better survival in the recipients of peripheral 

blood stem cells (66% vs. 54%, P = 0.06) [7].

Despite a comparable degree of matching of major 

histocompatibility antigens, the degree of minor histo­

compatibility antigen mismatch is greater in recipi­

ents of unrelated donor compared to related donor 

grafts. GVHD is driven by donor‐derived lymphocytes, 

and peripheral blood HSCT recipients receive more 

passively transferred donor‐derived lymphocytes than 

bone marrow HSCT recipients. Thus, there is a theoret­

ical potential for an increased risk of GVHD among 

peripheral blood HSCT recipients. In a prospective 

multicenter randomized study, 551 patients with a 

variety of hematologic malignancies (acute myeloid 

leukemia, chronic myeloid leukemia, chronic myelo­

monocytic leukemia, myelodysplasia, or myelofibrosis) 

were assigned to undergo either matched unrelated 

peripheral HSCT or matched unrelated bone marrow 

HSCT [8]. There was no significant difference in 

disease‐free or overall survival between the two 

groups. The median time to neutrophil engraftment 

was 5 days shorter and platelet engraftment was 7 days 

shorter in the peripheral stem cell group. There was an 

increased incidence of graft failure in the bone marrow 

group of 6% compared with only 2% in the peripheral 

blood stem cell group. The rate of acute GVHD was 

similar within the two groups, although the incidence 

of chronic GVHD was 53% in the peripheral blood 

stem cell group and 41% in the bone marrow stem cell 

group, respectively (P = ~0.01).

In conclusion, with regard to matched allogeneic 

transplantation, these data suggest that peripheral blood 

stem cell transplantation leads to more rapid blood 

count recovery with increased risk of chronic GVHD. 

The effect of graft source on overall survival is less clear, 

but appears to be negligible. Extensive outcomes data 

for lymphoma are not yet available but are likely to be 

in line with these findings.

HLA matching

Selecting a donor is an important decision that affects 

the success of HSCT. Human leukocyte antigens are 

found on the surface of cells and allow an individual’s 

immune system to distinguish self from non‐self. 

Although this definition is overly simplified, the 
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immune system’s ability to recognize “self” is para­

mount to the understanding of allogeneic cellular 

therapy and the importance of donor selection to allo­

geneic HSCT. HLA classes are subdivided into two 

large categories: class I (A, B, and C) and class II 

(which includes the clinically significant transplant‐

related alleles DRΒ1 and DQΒ1). The nomenclatures 

as well as the techniques for determining HLA type 

have evolved with the discovery of additional HLA 

alleles and improved methods of typing. Until the 

1990s serologic typing using cell‐based assays was the 

only method available for antigen matching [9]. 

Consequently, when interpreting early transplant data 

the method for HLA testing must be considered. What 

were once believed to be, and therefore described in 

the literature as, perfectly matched donors would now 

be considered mismatched at multiple loci when ana­

lyzed with high‐resolution assays. Advances in tech­

nologies for detection of HLA epitopes using molecular 

(both low and high resolution) DNA‐based methods 

have helped to enhance matching, resulting in 

improved outcomes for transplant recipients [10]. 

There are a multitude of choices with regard to alloge­

neic transplantation donors, including HLA identical 

(syngeneic) from an identical twin, HLA matched or 

mismatched from a relative or nonrelative, or umbilical 

cord blood (Table 9.1). The degree of HLA matching 

ranges from 12 of 12 (with matches in HLA‐A, ‐B, ‐C, 

‐DRB1, ‐DQB1, and ‐DP1), 10 of 10 (with pairs 

matched for HLA‐A, ‐B, ‐C, ‐DRB1, and ‐DQB1), 9 of 

10 (with a single allele or antigen mismatch with 

HLA‐A, ‐B, ‐C, ‐DRB1, or ‐DQB1), 8 of 8 (with 

matches in HLA‐A, ‐B, ‐C, and ‐DRB1), 7 of 8 (with a 

single allele or antigen mismatch with HLA‐A, ‐B, ‐C, 

and ‐DRB1), and 6 of 6 (i.e., HLA‐A, ‐B, and ‐DRB1 at 

the allele level). Although complex, this process is of 

the utmost importance because the degree of match­

ing is an integral factor in predicting survival.

Graft source, HLA matching and 
impact on transplant outcome

HLA‐matched donor allogeneic stem cell 
transplantation
Once a patient has been identified as a candidate for 

allogeneic HSCT, the search for an HLA‐identical donor 

should begin immediately. An HLA‐identical healthy 

sibling is the ideal stem cell donor. Each full sibling has 

a 25% chance of being a match. For those patients who 

do not have an HLA‐identical sibling, it is common prac­

tice to try to secure a suitable unrelated donor using 

national donor registries. The largest US‐based donor 

registry is the National Marrow Donor Program (NMDP), 

which is a nonprofit organization founded in the 1980s 

that works to connect unrelated donors with potential 

hematopoietic transplant recipients. Each year, the 

NMDP facilitates more than 6000 transplant procedures 

using stem cells collected from mobilized peripheral 

blood, bone marrow, or umbilical cord blood.

While, by definition, HLA‐matched unrelated donors 

are matched at the major histocompatibility complex 

antigens, these donors are more discordant at minor 

histocompatibility complex loci when compared to 

HLA‐matched sibling donors. As a consequence, there is 

an increased risk of GVHD. This increased risk of GVHD 

led to speculation that recipients of HSCT from unrelated 

donors would also translate into a more potent graft‐

versus‐tumor response. To explore this idea, Ringden 

et  al. [11] retrospectively analyzed data of outcomes 

from 4099 adult patients with myeloid and lymphoid 

leukemia receiving myeloablative chemotherapy. HSCT 

Table 9.1  Donor source and HLA‐matching combinations.

HLA‐matched* Single antigen  

mismatch*

Multiple antigen  

mismatch*

Haploidentical (one  

haplotype) mismatch

Related donor ✓ ✓ ✗ ✓

Unrelated donor ✓ ✓ ✗ ✗

Unrelated umbilical cord blood ✗ ✗ ✓† ✗

*HLA‐A, B, C and DRB1 using high‐resolution molecular typing assays.
†Typically four to six antigen matches using low‐resolution typing assays for HLA‐A and B, and high‐resolution assays for HLA‐DRB1.
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was from either related or unrelated donors there were 

reported to the CIBMTR. While the incidence of acute 

GVHD was higher (52%) in those with unrelated donors 

compared to those with related donors (34%), this anal­

ysis failed to demonstrate any reduced risk for relapse 

in unrelated donor transplant recipients.

HLA donor matching considerations for 
lymphoma patients
Many patients with relapsed lymphoma of all subtypes 

are treated with high‐dose chemotherapy and autolo­

gous stem cell rescue. Patients who again relapse after 

autologous transplantation may then be considered 

candidates for an allogeneic procedure. Because it has 

been demonstrated that the risk of undergoing a 

second course of myeloablative chemotherapy is 

poorly tolerated among all age groups, most lym­

phoma patients who are candidates for allogeneic HCT 

receive nonmyeloablative or reduced‐intensity condi­

tioning regimens [12]. Nonmyeloablative and 

reduced‐intensity conditioning regimens are better 

tolerated, but have reduced antitumor efficacy. Thus, 

a potent graft‐versus‐tumor effect is critical to 

providing a curative outcome.

Ho et al. [13] set out to determine whether the 

increased minor HLA antigen disparities that charac­

terize unrelated donor grafts translated into a reduced 

risk of relapse following allogeneic HSCT using reduced‐

intensity conditioning. The authors analyzed the out­

comes of 433 matched related and matched unrelated 

donor HSCTs whose data was reported to the CIBMTR. 

Unrelated donors were generally younger and provided 

larger stem cell products. The incidence of acute and 

chronic GVHD and 2‐year nonrelapse mortality and 

overall survival were similar among the two groups. At 

2 years, there was a lower incidence of relapse and more 

favorable progression‐free survival in the unrelated 

donor group. The analysis included patients with a 

variety of hematologic malignancies including non‐

Hodgkin lymphoma.

With regard to patients with lymphoma specifically, 

more robust studies must be performed before a stan­

dard can be established. In the era of high‐resolution 

molecular HLA typing, matched unrelated donor and 

matched sibling transplants provide comparable out­

comes. An increased graft‐versus‐tumor response may 

counterbalance any increase in GVHD experienced by 

matched unrelated donor recipients. Based on the 

currently available data, both matched unrelated and 

matched related are acceptable donor sources for lym­

phoma patients who are candidates for allogeneic HSCT.

Mismatched unrelated donors
Many patients will not have an available matched 

donor. This is particularly a problem for non‐white 

patients. While the chance of finding a matched unre­

lated donor for patients of European descent is greater 

than 50%, the chance of finding a matched donor for 

North American ethnic minorities is less than 33%. 

Prior to recent advances in using alternative donor 

sources, allogeneic HSCT was not an option for patients 

without an HLA‐matched sibling or matched unrelated 

donor. Increased HLA disparity results in increased risk 

of GVHD, graft rejection, and delayed immune recovery. 

However, over the past 20 years, great progress has been 

made in improving outcomes for HSCT using mis­

matched related donors or mismatched unrelated 

umbilical cord blood. In 2014, nearly all candidates for 

allogeneic HSCT, regardless of the underlying diagnosis, 

will have a suitable stem cell donor.

Identical matching for patients undergoing allogeneic 

HSCT remains ideal. However, this may not always be 

possible. For some, the unrelated donor registry search 

may reveal donors with a single mismatch at a class 1 or 

class 2 allele. Although many studies have demon­

strated that the outcomes following single‐antigen mis­

matched unrelated HSCT is inferior to fully matched 

transplants, the risk–benefit considerations may still 

favor the use of such a donor [14,15]. Thus, a single‐

antigen mismatched related or unrelated donor trans­

plant is a viable option for some patients. In general, an 

unrelated donor with more than one mismatched allele 

is avoided due to the excessive risk of GVHD.

Haploidentical
Nearly all patients have a haploidentical related donor. 

Mismatched siblings, parents or children are potential 

donor candidates. In order to prevent rapidly lethal, severe 

acute GVHD, recipients of haploidentical donor grafts must 

receive additional anti‐T cell therapy. Two commonly used 

techniques are either in vivo or ex vivo T‐cell depletion of 

the donor graft. A third technique involves delivery 

of high‐dose cyclophosphamide following the transplant 

to deplete host‐reactive donor T cells.

A retrospective study analyzed 90 patients with 

relapsed or refractory Hodgkin lymphoma who 
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underwent nonmyeloablative conditioning followed by 

HSCT with either HLA‐matched related, HLA‐matched 

unrelated, or haploidentical related donors. Interestingly, 

the progression‐free survival was highest in the group 

that received the haploidentical donor graft. However, 

there was no statistical difference in overall survival 

among the groups (53%, 58%, and 58% for HLA‐

matched related, HLA‐matched unrelated, and haploi­

dentical related, respectively). Nonrelapse mortality was 

significantly lower for haploidentical recipients com­

pared to HLA‐matched related recipients (P = 0.02). 

Furthermore, relapse risk was lowest for haploidentical 

recipients compared to HLA‐matched related (P = 0.01) 

and unrelated (P = 0.03) recipients. The incidence of 

acute grade III/IV and extensive chronic GVHD 

(acute GVHD/chronic GVHD) was 16%/50% for HLA‐

matched related HSCT recipients, 8%/63% for HLA‐

matched unrelated HSCT recipients, and 11%/35% for 

HLA haploidentical related HSCT recipients. While small 

and retrospective in nature, these data demonstrate the 

progress that is being made toward improving outcomes 

of recipients of alternative donor grafts [16].

Umbilical cord blood
There are multiple potential benefits of the use of 

umbilical cord blood as a stem cell graft source. These 

cells are harvested at delivery and then cryopreserved 

at  multiple public cord blood banks throughout the 

world, making them readily accessible. Since the T 

cells  contained within the umbilical cord blood unit 

are essentially naive to foreign antigens, they appear to 

be more permissive to coexisting in an HLA‐discordant 

host. The first umbilical cord blood transplantation 

was  performed in a child in 1988. Most umbilical 

cord blood transplant activity in the ensuing years 

was limited to the pediatric population. With expan­

sion of the public cord blood banks and improved 

quality of the units, adult cord blood transplantation 

activity has  steadily increased between 2000 and 

2014 [17–19].

The Blood and Marrow Transplant Clinical Trials 

Network (BMT CTN), an HSCT‐focused cooperative 

group, performed two parallel Phase II trials assessing 

the outcome of nonmyeloablative haploidentical and 

dual umbilical cord blood transplantation; 100 adult 

patients with leukemia or lymphoma were enrolled 

[20]. In patients who received umbilical cord blood 

derived HSCT, the cumulative incidence of neutrophil 

recovery was 94%. The median time to absolute neutro­

phil count above 500/μL was 15 days. The cumulative 

incidence of platelet recovery in this group was 82% at a 

median time of 38 days. The cumulative incidence of 

neutrophil recovery and platelet recovery for the haploi­

dentical related HSCT recipients was 96% (median 16 

days) and 98% (median 24 days), respectively. The inci­

dence of acute GVHD in the umbilical cord blood HSCT 

recipients was 40% and of chronic GVHD was 25%. In 

haploidentical related HSCT recipients, acute GVHD inci­

dence was 32% and chronic GVHD at 1 year was 13%. 

The 1‐year nonrelapse mortality, relapse, and survival 

(at 6 months) were comparable between the two studies. 

These results  were quite promising because they sup­

ported previously reported data from single‐center 

studies. However, because the patients were not ran­

domly assigned, the two groups cannot be directly com­

pared [20]. A follow‐up randomized Phase III BMT CTN 

study comparing nonmyeloablative dual cord blood 

HSCT and haploidentical related HSCT is currently 

accruing subjects.

Further evidence for the efficacy of umbilical cord 

blood HSCT is provided from a European study that 

analyzed 645 patients with lymphoid malignancies who 

received allogeneic HSCT with either matched unre­

lated donors or umbilical cord blood‐derived stem cells 

[21]. The study included patients with Hodgkin lym­

phoma, non‐Hodgkin lymphoma, and chronic 

lymphocytic leukemia who received reduced‐intensity 

conditioning regimens. Patients who had matched 

unrelated donor HSCT had faster neutrophil recovery at 

both 30 days (95% vs. 67%) and 60 days (97% vs. 

81%). Median time to platelet recovery was 14 days 

after matched unrelated donor HSCT and 35 days after 

cord blood HSCT. Although there was no statistically 

significant difference in acute GVHD, chronic GVHD 

was more prevalent in patients who received matched 

unrelated donor HSCT (52% vs. 26%). The cumulative 

incidence of relapse was similar in the two groups 

(~34%) and there was no difference in progression‐free 

or overall survival.

Conclusion

The role of allogeneic stem cell transplantation for lym­

phoma is evolving rapidly. This chapter compiles data that 

are likely to find applicability in lymphoma studies and 
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treatment. When evaluating stem cell source, donor, and 

HLA matching in the allogeneic transplant setting for lym­

phoma, one must take into account the changing 

landscape of treatment for lymphomas. With the advent 

of immunotherapy and targeted therapies, the proper role 

for allogeneic HSCT will need to be continuously reas­

sessed. Further chapters in this book explore the utility of 

allogeneic HSCT for particular subtypes of lymphoma.
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Introduction

Lymphoma is the second most common indication for 

autologous stem cell transplantation (ASCT) after multiple 

myeloma. With advances in hematopoietic transplanta­

tion strategies and supportive care, ASCT has become a 

feasible treatment option for elderly patients and patients 

with comorbidities [1–3]. Of all ASCT reported to the 

Center for International Blood and Marrow Transplant 

Research (CIBMTR) from 2007 to 2011, 39% of recipients 

were over 60 years and 70% were over 50 years of age 

[4]. Recurrent disease is the most common cause of 

treatment failure and remains more prevalent than non­

relapse mortality until 8 years after ASCT [5]. ASCT recip­

ients continue to have higher rates of mortality compared 

to the normal population until at least 10 years after trans­

plantation and need periodic follow‐up to assess toxicities 

[6,7]. With improvements in survival rates, the population 

at risk for long‐term complications after ASCT is growing, 

which increases the need for more rigorous screening and 

surveillance [7–9].

Early toxicities

Early toxicities of ASCT are usually caused by high‐dose 

chemotherapy (HDC), and mortality at day 100 is often 

used as a surrogate end point for treatment‐related 

toxicity. Incidence and severity of toxicities depends on 

age, performance status, and comorbidities of patients 

[3,10–14]. Early studies, including total body irradiation 

(TBI)‐based regimens, showed a 1‐year treatment‐

related mortality (TRM) of 25–38%. However, with 

improvements in supportive care and HDC, TRM has 

decreased to less than 5% [9–12,15–17].

Infections
Infections after ASCT are common during pre‐engraftment 

and the immediate post‐engraftment period and account 

for 8% of deaths [4]. Risk factors include mucositis, pro­

longed neutropenia, poor cellular immunity, and organ 

dysfunction associated with HDC. Febrile neutropenia is 

common after ASCT in up to 90% of patients [18]. Fever of 

unknown origin is the most common cause of febrile neu­

tropenia. A microbiological pathogen is detected in around 

39% of cases, and pneumonia without an identified path­

ogen is seen in 9% of cases [18,19]. Complications and 

management of infections are summarized in Table 10.1.

Prophylaxis
Use of granulocyte colony‐stimulating factor (G‐CSF) has 

reduced the duration of neutropenia and, along with pro­

phylactic antibiotics, has reduced the incidence of febrile 

neutropenia [20]. Most of the infections are from bacte­

rial causes; viral and invasive fungal infections account 

for a small number of cases. Invasive fungal infections are 

rare after ASCT, occurring in about 1.5%, and two‐thirds of 

these patients fully recover with antifungal therapy [21]. 

Prophylaxis for aspergillosis during the pre‐engraftment 

period has not been shown to be effective, probably due 

to its low incidence [22]. Prophylaxis against Candida is 

most useful in ASCT patients who do not receive G‐CSF 
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support or have mucositis, and fluconazole is the most 

commonly used agent [23]. After neutrophil engraftment 

the risk of candidiasis is minimal and prophylaxis can be 

safely discontinued. Prophylaxis for herpes simplex virus 

(HSV) with acyclovir or valacyclovir is recommended for 

all patients with HSV seropositivity. Varicella zoster pro­

phylaxis with those drugs is usually given for 6 months to 

1 year after ASCT [24]. Unlike allogeneic transplantation, 

cytomegalovirus reactivation is uncommon in ASCT 

patients. The true incidence of Pneumocystis jirovecii pneu­

monia in ASCT patients is unknown, but two recent retro­

spective studies reported an incidence of less than 0.5% with 

prophylaxis [25,26]. Prophylaxis with trimethoprim sulfa­

methoxazole is routinely started after engraftment and used 

until 6 months after ASCT.

Management of febrile neutropenia
Patients with febrile neutropenia should be started on 

empiric broad‐spectrum antibiotics which have activity 

against Pseudomonas. Monotherapy with cefepime or car­

bapenems or piperacillin/tazobactam are as effective as 

multidrug combinations [22]. Additional coverage with 

vancomycin for suspected line infection or aminoglycosides 

in cases with hemodynamic instability is recommended.

Mucositis
Mucositis is a common side effect after ASCT, occurring in 

71–100% of patients at various degrees of severity, and 

contributes to significant morbidity and mortality [27–29]. 

It is an end result of interactions between epithelial 

damage caused by chemotherapy, cytokine‐mediated 

responses, and the bacterial flora of the oral cavity. The 

Sonis model describes five interdependent phases of initi­

ation: primary damage response (I), upregulation/

amplification (II/III), ulceration (IV), and healing (V) [30].

The oral mucositis assessment scale (OMAS) is a 

reproducible and effective tool for monitoring mucositis. 

A 1‐point increase in OMAS is associated with increase 

in number of days with fever, parenteral nutrition, 

intravenous antibiotics, and 100‐day mortality from 

increased risk of infections. Higher OMAS is also associ­

ated with significantly higher healthcare costs [29]. 

Patients with mucositis are at high risk for Streptococcus 

viridans infections and patients with fever and mucositis 

should receive antibiotics with activity against this 

pathogen. The severity of mucositis increases with age 

and prolonged neutropenia. Patients with non‐Hodgkin 

lymphoma, patients who had mobilization of stem cells, 

and patients who received prior radiation therapy tend 

to have worse mucositis post transplant [31].

Management of mucositis should begin with pre­

transplant dental evaluation. Oral hygiene with sterile 

water, normal saline, or sodium bicarbonate should be 

mandatory. Patient‐controlled analgesia with opioids is 

recommended for symptom control. Keratinocyte 

growth factor‐1 (palifermin) prophylaxis decreases the 

incidence and severity of mucositis in patients receiving 

TBI‐based preparative regimen for ASCT [32]. However, 

its use in chemotherapy‐only HDC is controversial: 

recent studies with melphalan alone or high‐dose 

busulfan, cyclophosphamide, and etoposide did not 

show a significant benefit [33,34].

Agents like oral glutamine, supersaturated calcium/

phosphate (Caphosol), and laser therapy have been 

tested with some benefit, although further confirmation 

is needed [35–38]. Systemic glutamine and amifostine 

are ineffective and not recommended [39].

Cardiovascular side effects
Although patients receive evaluation for adequate 

cardiac function prior to ASCT, early and long‐term 

cardiac complications are common. Atrial fibrillation is 

the most common early cardiac complication, seen in 

10–18% of patients younger than 65 years of age and in 

Table 10.1  Infectious complications.

Pre‐engraftment Post‐engraftment to 6 months Prophylaxis

Viral Herpes simplex Varicella zoster

Cytomegalovirus

Acyclovir, 6 months to 1 year

Bacterial Gram‐positive and Gram‐negative Flouroquinolones, pre‐engraftment

Fungal Candida Fluconazole, pre‐engraftment

Parasitic Pneumocystis jirovecii Trimethoprim/sulfamethoxazole*, post‐engraftment 

to 6 months

*Dapsone, atovaquone and pentamidine are acceptable alternatives.
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up to 50% of patients over the age of 60 [40,41]. Often, 

it reverts rapidly and needs treatment only in the short 

term. Edema and hypotension are other common side 

effects more often seen in elderly patients [41].

Engraftment syndrome
Engraftment syndrome (ES) is a constellation of 

symptoms and signs occurring immediately around 

the time of neutrophil engraftment that are related 

to  proinflammatory cytokines. It is characterized by 

noninfectious fever, maculopapular rash, pulmonary 

opacities, diarrhea, weight gain and, sometimes, neu­

rologic manifestations [42–44]. The incidence of ES 

ranges from 7 to 13% [42,44–46]. Use of peripheral 

blood stem cells, female gender, and absence of intensive 

chemotherapy before ASCT seem associated with higher 

risk of ES [42].

The Spitzer diagnostic criteria of ES include symp­

toms, signs and laboratory findings categorized as major 

(noninfectious fever, erythema involving >25% of body 

surface area, and hypoxia with pulmonary infiltrates 

from noncardiogenic pulmonary edema) and minor 

(hepatic dysfunction, elevation of creatinine, weight 

gain, and transient encephalopathy). According to this 

model, all three major criteria or two major criteria and 

one or more minor criteria within 96 hours of engraft­

ment establish a diagnosis of ES. Maiolino et al. [43] 

proposed simplified criteria, with noninfectious fever 

and one of skin rash, pulmonary infiltrates or diarrhea. 

Both sets of criteria require development of these symp­

toms within 1–5 days of neutrophil engraftment.

Though ES is usually self‐limited, it results in longer 

hospital stays and duration of antibiotic therapy, and 

possibly higher TRM rates [43,44]. Brief systemic gluco­

corticoid therapy is sometimes required for patients 

with pulmonary compromise.

Pulmonary complications
Pulmonary complications after ASCT are common and 

seen in about 25% of patients within 1 year of trans­

plantation [47]. Most of these complications are 

infections (14% of patients), Among noninfectious 

causes, pulmonary edema and idiopathic pneumonia 

syndrome are the most common causes.

Independent factors for development of pulmonary 

complications include the pre‐ASCT diffusion capacity 

of  lung for carbon monoxide (Dlco) and the disease 

indication for ASCT. Factors predicting mortality from 

pulmonary complications include previous lung disease, 

male gender, and disease status at the time of transplanta­

tion. Bacterial, fungal, and viral pneumonias develop in 

14% of patients. An aggressive diagnostic approach with 

bronchoscopy and computerized tomography is needed 

for patients with infectious complications not respond­

ing to broad‐spectrum antibiotics. Pulmonary edema 

can be cardiogenic or noncardiogenic. It is more 

common in patients receiving cyclophosphamide in the 

preparative regimen, in those with previous exposure to 

anthracycline, in those receiving mediastinal radiation, 

and in those with arrhythmias. Its treatment depends 

on the underlying etiology.

Idiopathic pneumonia syndrome (IPS) is a well‐

recognized complication of ASCT and is characterized 

by the pathologic findings of interstitial pneumonitis 

and/or diffuse alveolar damage [48]. Diagnostic 

criteria include multilobar infiltrates, increased 

alveolar–arterial gradient, and negative work‐up for 

lower respiratory tract infections. The incidence of 

IPS is highly variable, ranging between 1 and 10%, 

and is more common with carmustine‐ or busulfan‐

based HDC regimens [47,49–54]. This syndrome 

usually occurs early in the course of ASCT and can be 

fatal in 50–80% of patients despite early treatment 

with glucocorticoids [51].

An aggressive clinical presentation of IPS is diffuse 

alveolar hemorrhage (DAH), which presents with 

rapid respiratory failure usually within the first 

2 weeks of ASCT [55,56]. Hemoptysis occurs only in 

15% of cases [56]. DAH is caused by bleeding into the 

alveolar space due to disruption of the alveolar capillary 

basement membrane and is classically confirmed by 

bronchoscopic findings of progressively bloodier 

bronchoalveolar lavage aliquots. Mortality from DAH 

is about 26–28% in patients receiving ASCT for 

lymphoma, although early initiation of high‐dose 

glucocorticoids (methylprednisolone 0.5–1 g/day) may 

improve outcomes [56–59].

Renal toxicity
Acute kidney injury (AKI) is seen in up to 12–24% of 

ASCT patients, most commonly due to HDC, tumor 

lysis, nephrotoxic antibiotics, or sepsis during the 

early  post‐transplant period [60–63]. Patients with 

AKI needing dialysis have a higher risk of TRM, up to 

6% in  the first 100 days [64]. Early intervention 

with  hydration, dose adjustment of medications to 
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creatinine clearance, avoidance of nephrotoxic agents if 

possible, and early consultation with a nephrologist are 

required.

Liver toxicity
Liver toxicity in seen in 45–61% of ASCT recipients, 

with drug toxicity and sepsis as the most common 

causes [65–67]. Liver toxicity is usually reversible with 

withdrawal of the offending drug. Patients with liver 

toxicity have a higher incidence of TRM when associ­

ated with sepsis and AKI, but fatal fulminant hepatic 

failure is rare.

Hepatic venoocclusive disease
Hepatic venoocclusive disease (VOD) or sinusoidal 

obstruction syndrome is characterized by painful hepa­

tomegaly, jaundice, and weight gain from ascites. A 

hepatic venous pressure gradient of 10 mmHg is highly 

predictive of VOD and transjugular liver biopsy is the 

gold standard [68]. VOD is characterized by sinusoidal 

endothelial injury in zone 3 of the liver acinus. Early 

changes include deposition of fibrinogen, factor VIII 

and erythrocytes, leading to progressive venular occlu­

sion, zonal disruption, and centrilobular hemorrhagic 

necrosis. It used to occur in 5–9% of ASCT [69,70], but 

fortunately its incidence has decreased dramatically 

with the advent of the intravenous formulation of 

busulfan, which decreases pharmacokinetic vari­

ability and avoids hepatic first‐pass metabolism [71–

73]. Treatment for VOD is challenging; small Phase II 

studies suggested improved outcomes with defibrotide 

[75,76]. A multicenter study which evaluated use of 

defibrotide in 88 patients with pathologically con­

firmed diagnosis of VOD showed 36% complete reso­

lution without any significant hemorrhage or other 

toxicities [75]. Prospective studies are needed to con­

firm these findings and identify predictors of response 

or failure.

Neurologic toxicity
The incidence of neurologic toxicity among ASCT 

patients has varied from 3% to 39% in different reports 

[77,78]. Often these neurologic symptoms are reversible 

and are related to drug toxicity, metabolic abnormal­

ities, or infections. HDC regimens containing busulfan, 

carmustine, cytarabine, etoposide, ifosfamide, carbopla­

tin, or thiotepa can cause neurotoxicity [79]. Busulfan 

causes seizures in up to 10% of patients without the 

usual prophylactic antiepileptics [80,81]. Subdural 

hemorrhage can present during thrombocytopenia as 

severe headaches or mental status changes.

Late toxicities

HDC puts ASCT recipients at risk for several long‐term 

toxic effects (Table 10.2). Patients who are in remission 

2 years after ASCT are likely to be long‐term survivors, 

but at a higher mortality rate compared to the general 

population until at least 10 years from transplantation, 

mainly due to tumor relapse [6,7]. Secondary cancers 

and organ toxicities are the leading causes of nonrelapse 

mortality among survivors. Compared to siblings, ASCT 

survivors have significantly higher frequency of cataracts, 

dry mouth, hypothyroidism, bone disease, congestive 

heart failure, neurosensory impairments, inability to 

attend full‐time work, and poor overall health [82,83].

Secondary malignancies
Secondary malignancies after ASCT are well‐recognized 

late effects and occur in up to 17% of patients at 10 years 

after transplant using TBI [6,84,85]. The most common 

secondary malignancy is myelodysplastic syndrome/

acute myelogenous leukemia (t‐MDS/AML), with an 

incidence of about 4%, and accounts for two‐thirds of 

deaths from secondary malignancies [6,86]. Median 

time to onset of t‐MDS/AML is 2.5 years and the risk 

increases with intensity of pretransplantation use of 

alkylating agents and prior radiation therapy [87].  

t‐MDS/AML is classically associated with exposure to 

alkylating agents and topoisomerase II inhibitors The 

risk for alkylating agent‐related t‐MDS/AML is dose‐

dependent, with a latency of 3–5 years after exposure to 

alkylating agents. Alkylator‐related t‐MDS/AML is asso­

ciated with abnormalities involving chromosomes 5 

(–5/del[5q]) and 7 (–7/del[7q]). Topoisomerase II inhib­

itor‐related t‐AML presents as overt leukemia without 

preceding myelodysplasia, usually after a latency of 6 

months to 3 years, and is associated with balanced 

translocations involving chromosome bands 11q23 or 

21q22. Solid tumors, especially breast cancer, sarcoma 

and thyroid cancer, are common among patients who 

received radiation therapy.

Patients must be educated regarding the risks of sec­

ond infections and the importance of avoiding high‐risk 

lifestyles, such as smoking, unprotected sun exposure 

and excessive use of alcohol, as well as routine annual 

screening for secondary cancers. Screening mammograms 
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should be started at 25 years or 8 years after mediastinal 

radiation therapy, whichever occurs later [86].

Late cardiovascular side effects
Cardiovascular disease is up to three times more fre­

quent in ASCT recipients compared to their siblings and 

is seen in up to 43% of ASCT survivors [88,89]. Cardiac 

toxicity accounts for 2% of late deaths due to a higher 

incidence of ischemic heart disease, cardiomyopathy, 

stroke, vascular disease, and arrhythmias [86]. 

Compared to allogeneic transplant recipients, past ASCT 

recipients present the same incidence of cardiovascular 

risk factors except for hypertension, which seems more 

common after allogeneic transplantation [90]. Prior 

mediastinal radiation therapy and anthracyclines 

increase the risk of cardiomyopathy [86]. Known risk 

factors, such as smoking, metabolic syndrome, diabetes, 

smoking and hypertension, also increase the risk for car­

diovascular events post transplant. Annual screening for 

cardiovascular risk factors and disease is recommended 

for patients surviving 1 year after transplantation.

Late pulmonary side effects
Bacterial and fungal infections can occur for several 

months after engraftment because of poor humoral and 

cell‐mediated immunity. Patients not responding to 

empiric antibiotic therapy and manifesting pulmonary 

infiltrates need work‐up for endemic fungal disease and 

uncommon infections like mycobacterial disease [92]. 

Restrictive and interstitial disease is common among 

ASCT recipients, especially with use of TBI and agents 

such as carmustine and busulfan [93–96].

Progression of lung disease is rare beyond 2 years after 

transplantation and these patients are often asymptomatic. 

Patients are recommended to avoid smoking and have 

annual surveillance. Patients with symptoms or signs of 

functional compromise must have follow‐up evaluation 

with repeat pulmonary function tests and or imaging [86].

Endocrine side effects
Thyroid dysfunction and fertility issues are common 

among ASCT survivors. Hypothyroidism is seen in about 

5–19% of patients and in nearly 50% of those receiving 

Table 10.2  Long‐term toxicities.

Organ system Incidence Follow‐up recommendations

Second cancers [85,86]

MDS/AML

16.7% (at 10 years)

4%

Annual screening examinations

Patient counseling

Monthly self‐breast examination in women

Monthly self‐scrotal examination in men

Smoking cessation

Cardiovascular [88–90]

Cardiomyopathy

Coronary artery disease

22–43% Annual screening examinations

More specific screening in high‐risk patients*

Smoking cessation

Control of risk factors: diabetes, hypertension, hyperlipidemia and obesity

Pulmonary [93–96] 38% (often asymptomatic) Symptom screening annually

Follow‐up pulmonary function tests in symptomatic patients

Endocrine [83,86,98]

Hypothyroidism

Infertility

Osteoporosis

23%

5–19%

18% men; 29% women

4–6%

Screening for endocrine symptoms annually

Thyroid function tests with dose adjustments

Fertility expert input prior to ASCT

Vitamin D, calcium supplementation. Bone density scan after 1 year and 

as required

Renal [98] 11%† Good risk factor control: hypertension, diabetes

Neurologic [82,83,100]

Tinnitus

Taste abnormalities

Smell abnormalities

Cognitive deficits

19% Expert evaluation as needed

Psychosocial [82,83,86] Unknown Routine screening

Early identification and management of symptoms

*Patients with history of mediastinal radiation and anthracycline use.
†With TBI‐based conditioning.
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TBI [83]. Thyroid neoplasms are also more common 

among children after ASCT. Thyroid function tests (TSH, 

free T
4
 and T

3
) should be checked regularly starting at 1 

year from transplant [86,97,98].

Data on infertility after ASCT are sparse. It has been 

reported in 18% of male ASCT recipients and in 29% of 

female recipients. The degree of gonadal dysfunction 

depends on age, prior therapy, and preparative regimen 

used [99]. Given the high incidence of infertility, 

patients must be counseled about permanent infertility 

and offered specialist consultation.

Other side effects
Renal dysfunction is seen in up to 11% of ASCT recipients, 

especially those who have had abdominal radiation 

therapy or TBI‐based therapy. Severe neuropathy occurs 

usually within 1 year of ASCT, but these patients continue 

to have a higher incidence until 20 years from transplant 

and symptoms could occur in about 14% of patients [98].

Conclusions

Patients receiving ASCT are at risk for early and late 

toxicities, which can occur several years after transplan­

tation. It is important that patients and healthcare pro­

viders, especially nontransplant physicians, be educated 

about these side effects and the importance of screening 

for chronic conditions.
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Introduction

Allogeneic hematopoietic cell transplantation (HCT) is 

a treatment option for selected lymphoma patients 

with high‐risk or relapsed disease. Approximately 

1000 patients with lymphoma receive an allogeneic 

HCT in the United States annually [1]. Advances in 

transplantation technology and improvements in sup-

portive care have led to improvements in early and 

late survival after allogeneic HCT in general [2]. 

Advances such as the introduction of reduced‐

intensity conditioning regimens and availability of 

alternative donor sources have directly impacted the 

utilization of allogeneic HCT for patients with lym-

phoma. As patients survive longer post transplanta-

tion, their risks of disease relapse progressively 

decrease over time. However, they continue to be at 

risk for morbidity and mortality from late complica-

tions. This chapter describes the general principles for 

long‐term follow‐up of lymphoma patients who have 

received an allogeneic HCT and reviews the applica-

tion of guidelines for preventive practices and screen-

ing for late effects [3,4]. The review is primarily 

focused on follow‐up of patients who have survived 

without disease progression for 1–2 years or more 

after transplantation. The general goal of long‐term 

follow‐up is to monitor for disease progression and 

late complications.

Long‐term survival after allogeneic 
HCT for lymphoma

Several studies have described long‐term survival in allo-

geneic HCT recipients who are alive and disease‐free for 

2–5 years after allogeneic transplantation [5–10]. Studies 

have generally described outcomes for all diagnoses and 

have not provided survival information specific to patients 

with lymphoma. An exception is a recent large study from 

the Center for International Blood and Marrow Transplant 

Research (CIBMTR) that included 10,632 survivors who 

were alive and disease‐free for at least 2 years after alloge-

neic HCT using a myeloablative conditioning regimen [5]. 

Their analysis included 619 lymphoma patients. For these 

patients, median age at HCT was 34 years, HLA‐identical 

sibling donor source was used for 80% of patients, and 

83% of patients had received a total body irradiation 

(TBI)‐based conditioning regimen. Chronic graft‐versus‐

host disease (GVHD) had been reported in 50% of 

survivors. Probability of overall survival at 10 years after 

HCT for  lymphoma patients was 84% and the 10‐year 

cumulative incidences of relapse and nonrelapse mortality 

were 6% and 11%, respectively. In multivariate analysis, 

factors predictive of better long‐term survival after alloge-

neic HCT for lymphoma included younger age at HCT 

(<25 years), use of an HLA‐identical sibling donor, and no 

history of acute and chronic GVHD after transplantation. 

The relative mortality rate approached that expected in 

Long‐term follow‐up of lymphoma patients 
after allogeneic hematopoietic cell 
transplantation
Shylaja Mani and Navneet S. Majhail
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general population controls of a comparable age and 

gender at approximately 10 years post transplantation. 

This was in contrast to survivors transplanted for acute 

leukemia and severe aplastic anemia, whose mortality 

rates remained higher than the general population until 

at least 15 years after HCT. These data provide a reference 

for long‐term survival outcomes in lymphoma patients 

and highlight the relatively high rate of nonrelapse 

mortality seen in this population of 2‐year disease‐free 

survivors. However, the number of lymphoma patients in 

this analysis was small and studies that include a larger 

cohort of lymphoma patients are needed.

Follow‐up schedule and duration

Long‐term survivors need to be seen at periodic inter-

vals to monitor for treatment complications and assess 

for lymphoma progression. The frequency and extent 

of these visits depends on the type of lymphoma and 

disease status at transplantation. For evaluation of 

disease progression, there are no prospective studies 

that can guide the optimal follow‐up schedule or 

types of evaluation (e.g., comparing one imaging 

modality over another). In general, follow‐up visits 

are scheduled every 3 months during the first year, 

then every 3–6 months thereafter up to 5 years since 

most lymphoma relapse occurs during this time. After 

5 years of completion of therapy and in the absence of 

clinical findings to suggest lymphoma recurrence, 

patients can be evaluated once a year. At these visits, 

history and physical examination should be per-

formed with complete blood count, chemistries, 

lactate dehydrogenase levels, and additional evalua-

tions for late complications (see next section). The 

role of routine imaging for monitoring disease status 

in the longitudinal follow‐up of asymptomatic 

patients is not clear and needs to be individualized to 

the needs of a specific patient. As described later in 

this chapter, patients need to be seen at least once a 

year for evaluation of late complications of transplan-

tation and this follow‐up should continue lifelong.

Risk factors for late complications

Allogeneic HCT involves unique exposures which are risk 

factors for late complications. In addition, pretransplant trea-

tment exposures including chemotherapy and radiation 

therapy contribute to late effects. Genetic and lifestyle 

factors can also increase the risks of late complica-

tions. Specific exposures are associated with particular 

complications (Table 11.1). For example, exposure to 

TBI and corticosteroids can lead to insulin resistance 

and increase risks of hypertension, diabetes and meta-

bolic syndrome and ultimately cardiovascular compli-

cations [11–13]. Chronic GVHD is a strong risk factor 

for secondary cancers of the oropharyngeal mucosa 

and the skin, while TBI increases the risk of secondary 

breast cancer [14–16]. Pretransplant treatment 

exposures can contribute to increased risks of late 

complications post transplantation. For example, use 

of anthracyclines and radiation therapy  to the chest 

Table 11.1  Risk factors for late complications in allogeneic HCT 
recipients with lymphoma.

Exposure Late complication

Pretransplant anthracycline 

chemotherapy

Cardiomyopathy

Pretransplant chest radiation Coronary artery disease

Cardiomyopathy

Conditioning chemotherapy Secondary cancers

Infertility

Total body irradiation Xerophthalmia, cataracts

Xerostosis

Secondary cancers

Cardiovascular complications

Growth disturbance, 

hypothyroidism, hypogonadism

Chronic kidney disease

Infertility

Chronic GVHD Prolonged immunodeficiency,  

late infections

Xerophthalmia

Xerostosis

Bronchiolitis obliterans

Secondary cancers

Myopathy

Complications associated with  

prolonged steroid exposure

Corticosteroids Prolonged immunodeficiency,  

late infections

Cataracts

Cardiovascular complications

Bone loss, avascular necrosis

Myopathy

Red cell transfusions Iron overload

Hepatitis B or C Cirrhosis
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region are well‐known risk factors for cardiovascular 

complications in lymphoma survivors. Additional 

exposures at the time of transplantation that also con-

tribute to cardiovascular late complications (e.g., TBI) 

may augment the risks of cardiac dysfunction and tox-

icity in patients who have already received anthracy-

clines or chest radiation prior to HCT.

Pertinent exposures that increase risks for late 

complications should be identified early post 

transplantation as they may influence the timing and 

frequency of long‐term follow‐up and the types of 

evaluations needed. For example, patients with 

chronic GVHD need more frequent follow‐up com-

pared to patients who do not have GVHD. Hence, the 

follow‐up schedule and frequency has to be individu-

alized for each patient based on time since transplan-

tation, need for disease assessment and risk for 

lymphoma relapse, ongoing medical issues, and risk 

factors for late complications.

Guidelines for screening and 
prevention of late complications

Consensus guidelines for screening and preventive 

practices for HCT survivors were published in 2012 

[3,4]. The recommendations were developed by an 

international group of experts and lay emphasis on 

specific transplant‐related exposures such as age, 

gender, type of transplant, prolonged corticosteroid 

use, chronic GVHD, and use of TBI as part of the 

conditioning regimen. The guidelines identify late 

complications by organ system and recommend the 

minimum set of practices and evaluations that 

patients need to follow for their prevention and 

early  detection and management. Follow‐up for 

psychosocial issues, fertility, general health 

maintenance, and secondary cancers is also covered. 

Although this chapter focuses on allogeneic HCT sur-

vivors, the guidelines also apply to recipients of autol-

ogous HCT. The National Marrow Donor Program has 

developed physician and patient‐friendly versions of 

the guidelines that are available online and as a smart-

phone app [available at www.BeTheMatchclinical.org 

(healthcare provider version) and www.BeTheMatch.

org/Patient (patient version)]. Table 11.2 lists recom-

mendations for prevention of late complications for 

lymphoma survivors who have received allogeneic 

HCT. The table includes recommendations from pub-

lished guidelines, as well as additional measures that 

are relevant to lymphoma survivors.

Delivery of care for lymphoma 
survivors

Lymphoma survivors who have received an alloge-

neic HCT have unique healthcare needs that are 

best addressed by a patient‐centered multidisciplinary 

team. Depending on time since transplantation, 

and  based on patient age, gender, and presence of 

transplant complications (e.g., GVHD), this team can 

include transplant providers, a hematologist‐

oncologist, primary care providers, as well as other 

specialists (e.g., ophthalmologist, dentist, and gyne-

cologist). Studies that can guide the optimal mecha-

nism for care delivery for lymphoma transplant 

survivors are lacking. However, it is likely that 

primary care providers will have a greater role to play 

in the care of patients who are further from trans-

plant and do not have ongoing transplant‐related 

complications such as GVHD. The transplant center or 

hematologist‐oncologist has a greater role to play in 

patients with GVHD or other transplant complications 

and in patients who are at high risk for lymphoma 

progression. Irrespective of these factors, the optimal 

model for care delivery for lymphoma transplant sur-

vivors needs close partnership of several providers 

and the transplant center.

A treatment summary and survivorship care plan 

may facilitate the care of lymphoma survivors, espe-

cially as they transition from the transplant center 

back to their hematologist‐oncologist or primary care 

provider. Although a template specific to HCT recipi-

ents is not available, this document usually contains a 

summary of a patient’s pretransplant and transplant 

therapies and, based on his or her exposures, an out-

line of the preventive care and screening evaluations 

needed to prevent late complications or detect and 

treatment them early.

http://www.BeTheMatchclinical.org
http://www.BeTheMatch.org/Patient
http://www.BeTheMatch.org/Patient
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Table 11.2  Guidelines for screening and preventive practices for allogeneic HCT survivors with lymphoma.

Organ system Late complications Monitoring tests and preventive measures

Immune system Infections Immunizations post transplant according to published guidelines

Antibiotics for endocarditis prophylaxis according to published guidelines

Chronic GVHD: prophylaxis against encapsulated organisms and PCP and screening for  

cytomegalovirus reactivation

Ocular Cataracts

Sicca syndrome

Microvascular  

retinopathy

Routine clinical evaluation at 6 months and 1 year and then at least yearly thereafter

Ophthalmologic examination with measurement of visual acuity and fundus examination at 1 year  

and then at least yearly thereafter

Chronic GVHD: patients may need clinical evaluation and ophthalmologic examination more frequently

Oral Sicca syndrome

Caries

Oropharyngeal  

cancer

Clinical oral assessment at 6 months and 1 year and then at least yearly thereafter

Dental examination at 1 year and then at least yearly thereafter

Chronic GVHD: patients may need clinical and dental evaluation more frequently

Respiratory Bronchiolitis obliterans

Cryptogenic  

organizing  

pneumonia

Sinopulmonary  

infections

Routine clinical evaluation at 6 months and 1 year and at least yearly thereafter; PFTs and focused  

radiologic assessment for patients with symptoms or signs of lung compromise

Assessment of tobacco use and counseling against smoking

Chronic GVHD: patients may need earlier and more frequent clinical evaluation

Cardiac and  

vascular

Cardiomyopathy

Congestive heart  

failure

Arrhythmias

Coronary artery  

disease

Cerebrovascular  

disease

Routine clinical assessment of cardiovascular risk factors at 1 year and at least yearly thereafter

Education and counseling on “heart” healthy lifestyle (regular exercise, healthy weight, no  

smoking, dietary counseling)

Early treatment of cardiovascular risk factors such as diabetes, hypertension, and dyslipidemia

TBI and chest radiation recipients: may need additional periodic work‐up (e.g., echocardiogram)  

based on age and symptoms

Anthracycline exposure: patients with prior history of heart failure may need closer monitoring  

with echocardiogram and cardiology consultation

Liver Hepatitis B

Hepatitis C

Iron overload

LFTs every 3–6 months in the first year and then at least yearly thereafter

Monitor viral load by PCR for patients with known hepatitis B or C, with liver and infectious  

disease specialist consultation

Consider liver biopsy at 8–10 years after HCT to assess cirrhosis in patients with chronic HCV infection

Serum ferritin at 1 year after HCT in patients who have received red cell transfusions; consider liver  

biopsy or imaging study for abnormal results

Renal and  

genitourinary

Chronic kidney  

disease

Bladder dysfunction

Urinary tract  

infections

Blood pressure assessment at every clinic visit (at least once a year), with aggressive hypertension  

management

Assess renal function with BUN, creatinine and urine protein at 6 months, 1 year, and at least  

yearly thereafter

Muscle and 

connective tissue

Myopathy

Fasciitis

Polymyositis

Follow general population guidelines for physical activity

Frequent clinical evaluation for myopathy in patients on corticosteroids

Skeletal Osteopenia/ 

osteoporosis

Avascular necrosis

Dual‐photon densitometry at 1 year; subsequent testing determined by defects or to assess  

response to therapy

Physical activity, vitamin D and calcium supplementation to prevent loss of bone density

Chronic GVHD: patients with substantial corticosteroid exposure may need dual‐photon  

densitometry earlier

TBI and pelvic/spine radiation recipients: may need dual‐photon densitometry earlier

Nervous system Neuropsychological  

and cognitive deficits

Peripheral  

neuropathy

Clinical evaluation for symptoms and signs of neurologic dysfunction at 1 year and yearly thereafter
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Table 11.2  (Continued)

Organ system Late complications Monitoring tests and preventive measures

Endocrine Hypothyroidism

Hypoadrenalism

Hypogonadism

Growth retardation

Thyroid function testing at least once yearly

Clinical and endocrinologic gonadal assessment for postpubertal women at 1 year

Gonadal function in men, including FSH, LH, and testosterone, as indicated based on clinical symptoms

Mucocutaneous Cutaneous sclerosis

Skin GVHD

Genital GVHD

Skin cancer

Routine self‐examination of skin

Avoidance of excessive exposure to sunlight and use of sunscreen

Annual gynecologic examination in women

Second cancers Solid tumors

Hematologic  

malignancies

Post‐transplant  

lymphoproliferative  

disorder

Counsel patients about risks of secondary malignancies annually and encourage them to perform  

self‐examination (e.g., skin, testicles/genitalia)

Counsel patients to avoid high‐risk behaviors (e.g., smoking)

Follow general population recommendations for colon cancer screening: annual fecal occult blood  

testing, sigmoidoscopy every 5 years with fecal occult testing every 3 years, or colonoscopy every  

10 years starting at age 50 in the absence of family history

Follow general population recommendations for breast cancer screening: screening mammograms  

every 1–2 years starting at age 40 (see below for patients with radiation exposure)

Follow general population guidelines for cervical cancer screening: Pap smears every 1–3 years in  

women older than 21 years or within 3 years of initial sexual activity, whichever occurs earlier

TBI and chest irradiation recipients: screening mammography in women starting at age 25 or 8  

years after radiation exposure, whichever occurs later but no later than age 40

Psychosocial and  

sexual

Depression

Anxiety

Fatigue

Sexual dysfunction

Clinical assessment throughout recovery period, at 6 months, 1 year, and annually thereafter, with  

referral to a mental health professional for patients with recognized deficits

Regularly assess level of spousal/caregiver psychological adjustment and family functioning

Query adults about sexual function at 6 months, 1 year, and at least annually thereafter

Fertility Infertility Consider referral to appropriate specialists for patients who are contemplating on pregnancy or are  

having difficulty conceiving

Counsel sexually active patients in the reproductive age group about birth control post HCT

General health Screening for hypertension and hypercholesterolemia at least once a year

Screening for type 2 diabetes at least once a year

Screening for depression at least once a year

Follow general population guidelines for physical activity: adults (age 18–64) should do 2½ hours  

a  week of moderate‐intensity, or 1¼ hours of vigorous‐intensity aerobic physical activity or an  

equivalent combination of moderate‐ and vigorous‐intensity aerobic exercise

BUN, blood urea nitrogen; FSH, follicle‐stimulating hormone; HCT, hematopoietic cell transplantation; HCV, hepatitis C virus; LFT, liver function 
test; LH, luteinizing hormone; PCP, Pneumocystis jirovecii pneumonia; PCR, polymerase chain reaction; PFT, pulmonary function test.
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Introduction and orientation to 
transplant process

After arrival at the transplant center (before the 

transplant), each patient completes a thorough 

evaluation followed by stem cell collection. The term 

“transplant” is used, but the treatment is better summa­

rized as high‐dose chemotherapy (to treat the lym­

phoma) followed by autologous stem cell rescue, which 

is how the patient will recover from the toxic effects of 

the chemotherapy on the bone marrow. As individuals 

arrive at a transplant center, they are likely still learning 

what this process holds for them, even though they 

have been informed by their local or primary providers 

and by their family and friends, who have likely 

searched the internet. Now the patient is going to con­

firm what the future may hold. In 2010, non‐Hodgkin 

lymphoma (NHL) was the second most common indica­

tion for autologous transplant for patients aged 50 years 

and older [1]. However, they will meet many other 

patients at their center, including those with other dis­

eases such as multiple myeloma and leukemia and those 

who will receive stem cells from an allogeneic source 

(donor and recipient are not the same person). As this 

process unravels, they will realize there are some simi­

larities with their friends in the waiting room, along 

with many differences. They will encounter various 

types of lymphoma and various types of transplant and 

chemotherapy, a variety of ages and physical conditions, 

and varying degrees of comorbidity (additional health 

conditions such as diabetes). For each patient all these 

aspects will likely have an effect on transplant outcome 

during the first 100 days.

The day of the stem cell infusion is considered day 

zero, when patients’ previously frozen cells are returned. 

Before they were frozen, a preservative called dimethyl 

sulfoxide (DMSO) was added. The frozen bags are 

thawed, usually at the bedside with the patient’s family 

and friends present, and the liquid/cells are injected 

intravenously into the patient. This liquid contains the 

stem cells that normally reside in the bone marrow and 

which mature into white blood cells, immune system 

cells, red blood cells, and platelets. There is a possibility of 

a reaction to DMSO, such as chills, flushing, headache, 

chest pressure, shortness of breath, nausea, vomiting, 

and a bad taste in the mouth. If these symptoms do occur, 

they commonly resolve quickly. Most patients receive 

premedication prior to the infusion to help prevent 

significant side effects from the DMSO. The 100‐day time 

period begins as “day +1,” which is the day after their 

pre‐collected autologous stem cells are infused.

At many centers these days the patient is transplanted 

as an outpatient, walking, driving, or riding a shuttle to 

and from the clinic every day. Some centers still manage 

their transplant patients as inpatients, residing in a 

hospital ward for part of this time. This may be due to 

logistics such as transportation, lack of a 24‐hour care­

giver, inadequate clinic space or staff, or sometimes 

when a patient is considered more high risk for various 

reasons (Table 12.1).

First 100 days of the autologous 
hematopoietic stem cell transplantation 
process in lymphoma
Angela Moreschi Woods
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Impact of conditioning regimen

The treatment begins with chemotherapy and possible 

radiation therapy (also called the conditioning/prepara­

tive regimen), which starts and finishes prior to the stem 

cell infusion. As treatment starts, so does the risk of side 

effects, including nausea, vomiting, diarrhea, mouth 

sores, constipation, heartburn, indigestion, abdominal 

pain, decreased appetite, and fatigue. The risk of side 

effects usually remains until cell counts recover. An 

abundance of medications is usually available for nausea, 

vomiting, diarrhea, constipation, heartburn, indigestion, 

and pain. Although these medications help the side 

effects become tolerable, they are frequently unable to 

eradicate or resolve them completely. Depending on the 

chemotherapy, some patients are already pancytopenic 

(low blood counts) on day 0, while some patients still 

have normal blood counts. The blood counts at stem cell 

infusion do not affect the engraftment of stem cells (the 

process whereby stem cells return to the bone marrow, 

reproducing and making new blood cells, which is the 

beginning of rescue). The goal is for the chemotherapy 

medications to be excreted from the body prior to 

stem  cell infusion. This is so the chemotherapy does 

not damage the previously collected and stored “new” 

stem cells. However, even when the chemotherapy med­

ications are discontinued, their effects persist. This is why 

the blood counts may continue to drop and unwanted 

effects may start or resume. Hair loss is delayed but 

almost always occurs. Each patient’s hair loss may vary, 

especially with regard to facial and body hair.

Time to engraftment

The first 2 weeks are usually the most difficult for the 

majority of patients, as this is usually the period with 

the lowest blood counts and likely the most side effects. 

This means low white and red blood cells along with 

low platelets. Normal white blood cells fight infection 

and heal the body. Red blood cells carry oxygen, while 

platelets clot the blood, which stops bleeding. This is 

therefore the time when the majority of red blood cell 

and platelet transfusions occur. These transfusions can 

cause allergic reactions as the blood products are 

donated by people via the American Red Cross. Many 

centers use premedications such as acetaminophen and 

diphenhydramine to help prevent allergic reactions, 

although these drugs are not mandatory. Although the 

American Red Cross screens the blood products for dis­

eases, there is a small chance of exposure to illnesses 

such as hepatitis and HIV. Despite the transfusions, the 

patients can still experience the symptoms and risks of 

anemia (low red blood cells) and thrombocytopenia 

(low platelets). Anemia places more pressure on the 

Table 12.1  First 100 days of the autologous hematopoietic stem cell transplantation process in lymphoma.

Timeframe General events Side effects from chemotherapy 

(and radiation if given)

Fevers and infections

Days –13 to –1 Chemotherapy* administered Side effects may begin, such as fatigue, 

decreased appetite, nausea, vomiting, 

diarrhea, constipation, mouth sores

Fevers may start and infections can 

occur
Day 0 Hematopoietic stem cell infusion

Days 1–14 Awaiting engraftment of stem cells and 

blood count recovery. Supportive care

Most chemotherapy side effects 

(above) occur. Hair loss begins

Most patients are taking preventive 

antiviral, antibacterial, and antifungal 

medications. Most fevers and 

infections occur during this time
Days 10–14 Blood counts start to recover Side effects start to improve as the 

body can heal itself with an increasing 

white blood cell count

Days 15–30 White blood cell count is usually 

recovered

Patients start to feel better, similar to 

their baseline

Most original fevers/infections have 

resolved, but new episodes may begin

Days 31–100 Patient travels home if not already 

there. Less appointments with the 

transplant center, usually followed by 

their local hematologist

Energy level returns to normal if not 

already previously recovered

Immune system is slowly improving. 

Infectious precautions may prevent 

infections. Fever/infections still 

possible

*Chemotherapy is the conditioning/preparative regimen. In autologous transplantation, this is the cancer/disease treatment.
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cardiac system, evidenced by possible symptoms of 

fatigue, breathlessness on exertion, shortness of breath, 

decreased stamina, chest pain, or cardiac/heart compli­

cations such as arrhythmias (atrial fibrillation is a 

common type) or myocardial infarction (heart attack). 

In addition, the patient may experience bruising and 

bleeding from low platelets. Bleeding can be spontaneous 

(i.e., unprovoked, versus provoked such as with shaving 

or falling), which can be mild and easily controlled, but 

severe bleeding is possible. Bleeding can occur any­

where in the body, but common locations include gums/

mouth sores, nose, in urine or stool, or even coughing 

or vomiting. Rarely bleeding can occur in the brain 

(e.g., stroke). Provoked bleeding is usually due to an 

injury; shaving is discouraged for this reason (until 

platelets recover), unless using an electric razor. The risk 

of falls causing bleeding is one reason why patients are 

usually required to have a decent performance status – a 

baseline ability to care for themselves and be able to walk 

to maintain strength. Whether inpatient or outpatient, 

patients are encouraged to maintain their activity and 

strength by walking, preferably twice daily. It is also good 

practice for patients to sit up in a chair most of the day, 

instead of lying in bed. Both these activities help main­

tain muscles, endurance, stamina, strength, and expan­

sion of the lungs (which helps prevent pneumonia).

This period is also critical because of the low white 

blood cell count. There is a serious risk of infections, 

including pneumonias, when white cell counts are low 

and also for a period after the white cells normalize, as 

the entire immune system needs time to recover. 

Infections can be caused by bacteria, viruses, and/or 

fungi. Patients will therefore be taking medications such 

as antibacterials, antivirals, and antifungals, in order to 

prevent infections before they start. Many patients will 

also require extra medications, usually multiple antibac­

terials, because they still experience fevers and infec­

tions despite the attempt at prevention, and this 

combination of preventive and treatment medications 

leads to numerous pills to swallow or intravenous infu­

sions. The causes of some of these fevers and infections 

are never found but resolve when the white blood 

cell count recovers. Sometimes patients even develop a 

phenomenon called “drug fever,” when one of the 

medications, usually an antibiotic, causes a fever.

This is also the time when the patient’s hair starts to 

fall out. As this hair may shed onto the pillow, many 

patients acknowledge this dreaded expectation and 

use electric clippers to “buzz” their head, which also 

helps decrease the itchiness from hair shedding. This 

must be done with an electric razor, as the platelet 

count is generally low.

Almost all patients have begun to recover their blood 

counts by day 14. Mouth sores, nausea, vomiting, diar­

rhea, and fatigue all start to resolve. With some patients 

this resolution happens quickly as blood counts recover, 

seemingly overnight. For others, more likely older 

patients, there is a slower healing process, and they 

may not feel that the fatigue or gastrointestinal 

symptoms resolve until days 21–30. The most common 

lingering symptoms include decreased taste and/or a 

metallic taste of food and drinks, fatigue, and nausea. 

For this reason, many patients lose weight. Their weight 

is not as important as maintaining their energy and 

strength in order to fight infections and being able to 

exercise, along with maintaining protein levels. A 

visible side effect of low protein levels is fluid 

accumulation, better known as swelling or edema, most 

commonly in the legs and feet.

First months after transplantation 
and back to home

The 30‐day post‐transplant period has likely been emo­

tionally and physically draining for the patient and care­

giver. Patients frequently say they do not remember 

certain periods, especially the time when they were 

sickest. At these times, patients receive support from 

nurses, physicians, social workers, chaplains, pharma­

cists, and many important support staff members and, 

significantly, are supported by the other patients, not in 

the physical or medical sense but with empathy and 

camaraderie. They compare “notes” and help each other 

out, possibly a simple ride to the grocery store, as some 

choose to bring their vehicles from home and others do 

not. Every transplant center is different, but it is impor­

tant to provide information about, for example, the dis­

tance from the hospital to the lodging and grocery store, 

access to the laundry, and whether a fully equipped 

kitchen is available. Patients undergoing autologous 

transplantation are more adaptable as they are living at 

the transplant center for only 1–8 weeks, depending on 

the schedule for evaluation, collection, and transplant, 

whereas patients undergoing allogeneic transplantation 

may be away from home for 4 months solid.
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Most centers require patients to stay locally, near the 

transplant center. For patients with autologous trans­

plants, this period is usually about 28–30 days after stem 

cell infusion. Some centers will keep a patient longer if 

there are ongoing issues or side effects. Most patients 

are close to normal at the end of 30 days in regard to 

blood counts, eating, energy, and activity. Older patients 

are more likely to still have issues with these functions. 

Most patients are extremely excited to go home (around 

day 30), but some are hesitant and anxious about this 

transition. They worry about being away from their 

transplant team/staff, who know what they have been 

through and what to expect. They are anxious about 

what to do if they get sick and who will take care of 

them. They ask questions such as: Where should I go 

(primary care provider, home/local hematologist, 

emergency room provider), will these providers know 

what to do, and will I be able to contact the transplant 

center for questions or advice? The answer is yes to all 

these inquiries, and patients should carry the transplant 

center’s phone number with them. Patients also worry 

about the risks of going home to family, friends, chil­

dren, pets, neighbors, and church community, which 

are sometimes the same things they are most excited to 

have again. These cause anxiety as they now worry 

about infection more than ever. The transplant staff can 

provide cautious but realistic advice for going home. 

Delayed chemotherapy side effects (toxicities) and 

infections can still occur. Key points include always 

reporting worrisome symptoms quickly, for example 

infection/fever/chills, shortness of breath, chest pain, 

increased or new diarrhea, and bleeding. Avoiding sick 

people and large crowds, plus washing hands frequently, 

are very important ways to keep well. Avoiding most 

animals (other than dogs and cats that are up to date 

with vaccines) and any feces (avoid cat and bird feces), 

along with not touching or handling dirt, grass, flowers, 

wood, and chemicals (including any activity that would 

cause excessive inhalation of these dangers, such as 

mowing), will help prevent some infections. Because of 

these infectious risks and the likelihood that after an 

autologous stem cell transplant most people are not yet 

strong enough, patients should continue to rehabilitate 

for the first 100 days. Recommended activities include 

walking for exercise and light household duties such as 

cooking. Most patients do not usually return to work 

during this time as they are focusing on their health, 

strength, and stamina. However, occasional patients are 

able to achieve this because they have low‐risk occupa­

tions or work from home. When in doubt, patients 

should check with their transplant center about safety. 

As these patients recover more immune function (usu­

ally by day 100), their lives become more normal again.

After they return home, the Center for International 

Blood and Marrow Transplant Research (CIBMTR) 

requires transplant centers to continue to monitor and 

report complications and disease status (if their disease/

cancer remains or returns and how much is present). 

The patient’s transplant center will likely perform 

disease‐specific testing or make specific recommenda­

tions for follow‐up at day 100, 6 months, 1 year, and 

annually. Disease‐specific testing includes lactate 

dehydrogenase (LDH), computed tomography (CT) of 

neck, chest, abdomen and pelvis or positron emission 

tomography (PET)/CT depending on disease/patient, 

and may also include bone marrow biopsy with flow 

cytometry, karyotype/chromosome analysis, and pos­

sibly fluorescence in situ hybridization (FISH) and/or 

molecular testing.

Even though the risk of death is low, it is still possible 

in patients with autologous transplants as with any 

medical procedure. CIBMTR 2010 data show that 100‐

day mortality is highest for chemotherapy‐resistant 

NHL compared to all other groups. These patients can 

die from infection or organ toxicity, likely due to these 

patients having the most treatments prior to trans­

plant, which decreases their immune system and organ 

function. That being said, relapsed or progressive 

disease is still the most common cause of death 

after  autologous transplant for any disease/cancer 

(CIBMTR data).
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Introduction and orientation to 
transplant process

As individuals arrive at a transplant center, they are 

likely still learning what this process entails, even 

though they have been informed by their local or 

primary providers and by their family and friends, who 

have likely searched the internet. Now the patient is 

going to confirm what the future may hold. During 

1998–2010, the highest numbers of reduced‐intensity 

conditioning (RIC) allogeneic transplants were per-

formed for types of lymphoma, including chronic 

lymphocytic leukemia, follicular lymphoma, mantle cell 

lymphoma, Hodgkin lymphoma, and diffuse large B‐cell 

lymphoma (CIBMTR). However, they will meet many 

other patients at their center, including those with other 

diseases such as myelodysplastic syndrome and acute 

leukemia and those who will receive stem cells from an 

autologous source (recipient and donor are the same 

person). As this process unravels, they will realize there 

are some similarities with their friends in the waiting 

room, along with many differences. They will encounter 

various types of lymphoma and various types of trans-

plant and chemotherapy, a variety of ages and physical 

conditions, and varying degrees of comorbidity (addi-

tional health conditions such as diabetes). For each 

patient all these aspects will likely have an effect on 

transplant outcome during the first 100 days.

The day of stem cell infusion is considered day zero. 

This usually occurs as an infusion, similar to a blood 

transfusion: a bag of liquid is infused intravenously, 

usually at the bedside, with the patient’s family and 

friends and possibly the donor if it were to be a 

brother or sister. Because these cells are from a human 

other than the patient, there is a risk of reaction dur-

ing this infusion, so the patient is monitored closely. 

This liquid contains the stem cells that normally 

reside in the bone marrow and which mature into 

white blood cells, immune system cells, red blood 

cells, and platelets. The 100‐day time period begins as 

“day +1,” which is the day after the donor’s stem cells 

are infused. The myeloablative regimens (chemo-

therapy and possibly radiation) are more intense 

(compared with a reduced‐intensity regimen), usually 

with more significant side effects (nausea, vomiting, 

diarrhea, mouth sores, need for intravenous nutri-

tion, lung/liver/heart/kidney inflammation, bleeding) 

and higher risk for intensive care transfer. These reg-

imens are usually used in the younger population. 

Older patients (or those with numerous previous 

treatments) usually receive the reduced‐intensity or 

mini regimens, which are less intense with regard to 

expected side effects and thus enable older patients to 

tolerate treatment.

At many centers these days the patient is transplanted 

as an outpatient, walking, driving, or riding a shuttle to 

and from the clinic every day. Some centers still manage 

their transplant patients as inpatients, residing in a 

hospital ward for part of this time. This may be due to 

logistics such as transportation, lack of a 24‐hour 

First 100 days of the allogeneic 
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caregiver, inadequate clinic space or staff, or sometimes 

when a patient is considered more high risk for various 

reasons (e.g., myeloablative transplant) (Table 13.1).

Impact of conditioning regimen

In allogeneic transplantation, a conditioning/prepara-

tive regimen (chemotherapy and possible radiation) is 

used to prepare the recipient’s body by treating any 

residual disease, making space for new cells by emp-

tying the bone marrow, and inhibiting the immune 

system to prevent rejection of the donor cells. As the 

conditioning regimen commences (before day 0), so 

does the risk of side effects, including nausea, vomit-

ing, diarrhea, mouth sores, constipation, heartburn, 

indigestion, abdominal pain, decreased appetite, and 

fatigue. The risk of side effects usually remains until 

cell counts recover. An abundance of medications is 

usually available for nausea, vomiting, diarrhea, 

constipation, heartburn, indigestion, and pain. 

Although these medications help the side effects 

become tolerable, they are frequently unable to erad-

icate or resolve them completely. Depending on the 

conditioning/preparative regimen, some patients are 

already pancytopenic (low blood counts) on day 0, 

while some patients still have normal blood counts. 

The blood counts at stem cell infusion do not affect 

the engraftment of stem cells (the process whereby 

stem cells return to the bone marrow, reproducing 

and making new blood cells). The goal is for the che-

motherapy medications to be excreted from the body 

prior to stem cell infusion. This is so the chemo-

therapy does not damage the donor stem cells. 

However, even when the chemotherapy medications 

are discontinued, their effects persist. This is why the 

blood counts may continue to drop and unwanted 

effects may start or resume. Hair loss is delayed but 

almost always occurs. Each patient’s hair loss may 

vary, especially with regard to facial and body hair.

Table 13.1  First 100 days of the allogeneic hematopoietic stem cell transplantation process in lymphoma.

Timeframe General events Side effects from 

chemotherapy (and 

radiation if given)

Fevers and infections GVHD

Days –13 to –1 Chemotherapy* 

administered

Side effects may begin, e.g., 

fatigue, decreased appetite, 

nausea, vomiting, diarrhea, 

constipation, mouth sores

Fevers may start and 

infections can occur

Not possible

Day 0 Hematopoietic stem cell 

infusion

Days 1–14 Awaiting engraftment of 

stem cells and blood count 

recovery. Supportive care

Most chemotherapy side 

effects occur. Hair loss 

begins

Most patients are taking 

preventive antiviral, 

antibacterial, and antifungal 

medications. Many fevers 

and infections occur during 

this time

Uncommon forms of hyperacute 

GVHD can begin

Days 10–14 Blood counts start to 

recover

Side effects start to improve 

as the body can heal itself 

with an increasing white 

blood cell count

The risk of GVHD begins as donor 

cells start to engraft

Days 15–30 White blood cell count is 

usually recovered

Patients start to feel better, 

similar to their baseline

Most original fevers/

infections have resolved, but 

new episodes may begin

Most GVHD cases that occur 

during this timeframe are with 

myeloablative regimens

Days 31–100 Usually remain near their 

transplant center. Immune 

system is still low as most 

patients are still on 

medications to prevent 

GVHD, which prevent the 

immune system from 

returning to normal

Energy level is variable, as 

some patients recover 

similar to those undergoing 

autologous transplant but 

others experience infections 

and GVHD which cause 

new symptoms

The risk of fever and 

infection remains. Immune 

system recovery depends on 

preparative regimen/type of 

transplant along with GVHD 

activity. Infections include 

viral, bacterial, and fungal

Risk continues. GVHD depresses 

the immune system further, along 

with GVHD treatment, which also 

may increase infections. New 

symptoms arise, such as fatigue, 

fever, rash, nausea, vomiting, 

diarrhea, decreased appetite, 

weight loss, liver test abnormalities

*Chemotherapy is the conditioning/preparative regimen. With allogeneic transplant, it is partially a treatment for the cancer/disease and 
partially to prepare the recipient’s body for the donor cells.
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Time to engraftment

The first 2 weeks are usually the most difficult for the 

majority of patients, as this is usually the period with the 

lowest blood counts and likely the most side effects. This 

means low white and red blood cells along with low 

platelets. Normal white blood cells fight infection and 

heal the body. Red blood cells carry oxygen, while plate-

lets clot the blood, which stops bleeding. This is there-

fore the time when the majority of red blood cell and 

platelet transfusions occur. These transfusions can cause 

allergic reactions as the blood products are donated by 

people via the American Red Cross. Many centers use 

premedications such as acetaminophen and diphenhy-

dramine to help prevent allergic reactions, although 

these drugs are not mandatory. Although the American 

Red Cross screens the blood products for diseases, there 

is a small chance of exposure to illnesses such as hepatitis 

and HIV. Despite the transfusions, the patients can still 

experience the symptoms and risks of anemia (low red 

blood cells) and thrombocytopenia (low platelets). 

Anemia places more pressure on the cardiac system, 

evidenced by possible symptoms of fatigue, breathless-

ness on exertion, shortness of breath, decreased stamina, 

chest pain, or cardiac/heart complications such as 

arrhythmias (atrial fibrillation is a common type) or 

myocardial infarction (heart attack). In addition, the 

patient may experience bruising and bleeding from low 

platelets. Bleeding can be spontaneous (i.e., unpro-

voked, versus provoked such as with shaving or falling), 

which can be mild and easily controlled, but severe 

bleeding is possible. Bleeding can occur anywhere in the 

body, but common locations include gums/mouth sores, 

nose, in urine or stool, or even coughing or vomiting. 

Rarely bleeding can occur in the brain (e.g., stroke). 

Provoked bleeding is usually due to an injury; shaving is 

discouraged for this reason (until platelets recover), 

unless using an electric razor. The risk of falls causing 

bleeding is one reason why patients are usually required 

to have a decent performance status – a baseline ability 

to care for themselves and be able to walk to maintain 

strength. Whether inpatient or outpatient, patients are 

encouraged to maintain their activity and strength by 

walking, preferably twice daily. It is also good practice 

for patients to sit up in a chair most of the day, instead of 

lying in bed. Both these activities help maintain muscles, 

endurance, stamina, strength, and expansion of the 

lungs (which helps prevent pneumonia).

This period is also critical because of the low white 

blood cell count. There is a serious risk of infections, 

including pneumonias, when white cell counts are low 

and also for a period after the white cells normalize, as 

the entire immune system needs time to recover. 

Infections can be caused by bacteria, viruses, and/or 

fungi. Patients will therefore be taking medications such 

as antibacterials, antivirals, and antifungals, in order to 

prevent infections before they start. Many patients will 

also require extra medications, usually multiple antibac-

terials, because they still experience fevers and infec-

tions despite the attempt at prevention, and this 

combination of preventive and treatment medications 

leads to numerous pills to swallow or intravenous infu-

sions. The causes of some of these fevers and infections 

are never found but resolve when the white blood cell 

count recovers. Sometimes patients even develop a 

phenomenon called “drug fever,” when one of the med-

ications, usually an antibiotic, causes a fever.

This is also the time when the patient’s hair starts to 

fall out. As this hair may shed onto the pillow, many 

patients acknowledge this dreaded expectation and 

use electric clippers to “buzz” their head, which also 

helps decrease the itchiness from hair shedding. This 

must be done with an electric razor, as the platelet 

count is generally low.

First months after transplantation

Almost all patients receiving peripheral blood stem cells 

have started to recover their blood counts by day 14 

(bone marrow recipients may take until day 21). 

“Engraftment” is the term used to describe this early 

recovery of blood counts, but it also describes the 

acceptance and incorporation of the donor cells. Mouth 

sores, nausea, vomiting, diarrhea, and fatigue all start to 

resolve. With some patients this resolution happens 

quickly as blood counts recover, seemingly overnight. 

For others, more likely older patients, there is a slower 

healing process, and they may not feel that the fatigue 

or gastrointestinal symptoms resolve until days 21–30. 

The most common lingering symptoms include 

decreased taste and/or a metallic taste of food and 

drinks, fatigue, and nausea. For this reason, many 

patients lose weight. Their weight is not as important as 

maintaining their energy and strength in order to fight 

infections and being able to exercise, along with 
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maintaining protein levels. A visible side effect of low 

protein levels is fluid accumulation, better known as 

swelling or edema, most commonly in the legs and feet.

Patients receiving allogeneic transplants are also at 

risk for graft‐versus‐host disease (GVHD), which may 

start as early as a few days before the engraftment of 

the donor cells. Theoretically, the risk of GVHD can last 

forever, but usually persists for a few years. Unwanted 

immune reactions, such as rejection of the donor cells 

by the recipient’s immune system, can occur and this is 

one of the reasons that patients receive chemotherapy 

(radiation sometimes) and immunosuppressive drugs 

such as cyclosporine or tacrolimus in addition to meth-

otrexate or mycophenolate that help prevent rejection 

and ensure the recipient accepts the donor cells. GVHD 

is an immune reaction where the donor cells recognize 

the recipient as foreign, creating mild to severe side 

effects and complications. The occurrence of GVHD 

usually signifies that the recipient’s body has accepted 

the donor cells and that the desired engraftment or 

“changeover” has begun. The goal is for the recipient to 

eventually possess the donor’s bone marrow/blood cells 

(disease/cancer‐free cells) plus the donor’s immune 

system. Hopefully, developing the donor’s immune 

system will ensure that the disease/cancer will not be 

able to grow again in the future, a phenomenon called 

the graft‐versus‐lymphoma effect. This positive 

immune reaction is the response that is desired. When 

GHVD occurs, which it does very often, the effects can 

be mild to severe, requiring few or sometimes major 

treatments. GVHD can be fatal, so it must be taken seri-

ously. The presence of the GVHD immune response can 

inhibit other parts of the immune system, causing more 

infections to occur. In addition, GVHD treatment itself 

commonly depresses the immune system further, 

which also increases the risk of infections. Frequently, 

GVHD and infection occur simultaneously, evidenced 

as a new infection sometimes just days before the 

GVHD symptoms begin.

Beyond first months after 
transplantation and back to home

The 100‐day post‐transplant period has likely been 

emotionally and physically draining for the patient and 

caregiver. Patients frequently say they do not remember 

certain periods, especially the time when they were 

very unwell. At these times, patients receive support 

from nurses, physicians, social workers, chaplains, 

pharmacists, and many important support staff mem-

bers and, significantly, are supported by the other 

patients, not in the physical or medical sense but with 

empathy and camaraderie. They compare “notes” and 

help each other out, possibly a simple ride to the grocery 

store, as some choose to bring their vehicles from home 

and others do not. Every transplant center is different, 

but it is important to provide information about, for 

example, the distance from the hospital to the lodging 

and grocery store, access to the laundry, and whether a 

fully equipped kitchen is available.

Most centers require patients to stay locally, near the 

transplant center. For patients with allogeneic trans-

plants, this period is usually about 90–100 days after 

stem cell infusion. Some centers will keep a patient 

longer if there are ongoing issues or side effects, espe-

cially GVHD and infection. Most patients are close to 

normal at the end of 90 days in regard to blood counts, 

eating, energy, and activity. Most patients are extremely 

excited to go home around day 100, but some are hesi-

tant and anxious about this transition. They worry 

about being away from their transplant team/staff, who 

know what they have been through and what to expect. 

They are anxious about what to do if they get sick and 

who will take care of them. They ask questions such as: 

Where should I go (primary care provider, home/local 

hematologist, emergency room provider), will these 

providers know what to do, and will I be able to contact 

the transplant center for questions or advice? The 

answer is yes to all these enquiries, and patients should 

carry the transplant center’s phone number with them. 

Patients also worry about the risks of going home to 

family, friends, children, pets, neighbors, and church 

community, which are sometimes the same things they 

are most excited to have again. These cause anxiety as 

they now worry about infection more than ever. The 

transplant staff can provide cautious but realistic advice 

for going home. Delayed chemotherapy side effects 

(toxicities), GVHD, and infections can still occur. Key 

points include always reporting worrisome symptoms 

quickly, for example infection/fever/chills, shortness of 

breath, chest pain, nausea/vomiting/diarrhea, lack of 

appetite/weight loss, skin rash, and bleeding. Avoiding 

sick people and large crowds, plus washing hands fre-

quently, are very important ways to keep well. Avoiding 

most animals (other than dogs and cats that are up to 



Chapter 13: First 100 days of the allogeneic hematopoietic stem cell transplantation process in lymphoma      117

date with vaccines) and any feces (avoid cat and bird 

feces), along with not touching or handling dirt, grass, 

flowers, wood, and chemicals (including any activity 

that would cause excessive inhalation of these dangers, 

such as mowing), will help prevent some infections. 

Because of these infectious risks and the likelihood that 

after an allogeneic stem cell transplant most people are 

not yet strong enough, patients should continue to 

rehabilitate for the first 6 months. Recommended activ-

ities include walking for exercise and light household 

duties such as cooking. Most patients do not usually 

return to work during this time as they are focusing on 

their health, strength, and stamina. However, occa-

sional patients are able to achieve this because they 

have low‐risk occupations or work from home. When 

in doubt, patients should check with their transplant 

center about safety. As these patients recover more 

immune function (usually by 6 months unless there is 

active GVHD or ongoing treatment/prevention), their 

lives become more normal again.

After they return home, the Center for International 

Blood and Marrow Transplant Research (CIBMTR) 

requires transplant centers to continue to monitor and 

report complications and disease status (if their disease/

cancer remains or returns and how much is present). 

The patient’s transplant center will likely perform dis-

ease‐specific testing or make specific recommendations 

for follow‐up at 6 months, 1 year, and annually. 

Disease‐specific testing includes lactate dehydrogenase 

(LDH), computed tomography (CT) of neck, chest, 

abdomen and pelvis or positron emission tomography 

(PET)/CT depending on disease/patient, and likely 

includes bone marrow biopsy with flow cytometry, 

karyotype/chromosome analysis, and possibly fluores-

cence in situ hybridization (FISH) and/or molecular 

testing. The transplant center will likely perform trans-

plant‐specific testing for donor engraftment/status, such 

as sorted and unsorted chimerism or status of blood type 

conversion with Anti‐A or Anti‐B titers.

Even though the risk of death has become lower over 

the years, it is still possible. The percentage varies 

depending on, for example, age, disease, donor source, 

and conditioning regimen. CIBMTR 2010 data shows 

that 100‐day mortality is highest for chemotherapy‐

resistant NHL compared to all other groups. These 

patients can die from infection or organ toxicity, likely 

due to these patients having the most treatments prior 

to transplant, which decreases their immune system 

and organ function.
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Introduction

Follicular lymphoma is the most common indolent non‐

Hodgkin lymphoma (NHL), with close to 30,000 new 

cases per year in the United States alone [1]. Although 

it is a chemosensitive disease, the majority of patients 

present in advanced stages and remain incurable with 

conventional strategies [2]. With the multitude of 

advancements in front‐line and salvage settings, such as 

rituximab [3,4] and newer targeted agents [5], duration 

of responses and survival have improved. This progress 

and the somewhat sobering results of randomized 

studies of autologous transplant in first remission neces­

sitate a reconsideration of the role of both autologous 

and allogeneic transplant in the management paradigm 

for follicular lymphoma.

Autologous transplant as 
consolidation for first remission

The linear log relationship between dose and tumor 

cytotoxicity [6] provides the theoretical basis for admin­

istering escalated doses of chemotherapy followed by 

stem cell rescue in an attempt to overcome disease resis­

tance. Given the inevitability of tumor progression in 

many follicular lymphoma patients, autologous trans­

plant was investigated as consolidation in first remission 

as an effort to improve survival. Three randomized 

studies were conducted in the pre‐rituximab era which 

found an improvement in progression‐free survival 

(PFS), but due to transplant‐associated toxicities no 

definitive overall survival advantage was established.

The German Low Grade Lymphoma Study Group 

(GLSG) randomized 240 patients with stage 3 or 4 follic­

ular lymphoma with a partial or complete remission 

with induction therapy to either autologous transplant 

or interferon‐alpha maintenance [7]. With a median 

follow‐up of 4.2 years the study found a 2‐year (79.1% 

vs. 52.7%) and estimated 5‐year (64.7% vs. 33.3%) PFS 

favoring autologous transplant. Early mortality was 

2.5% in both cohorts. However, the rate of secondary 

acute myeloid leukemia (AML)/myelodysplastic syn­

drome (MDS) was significantly higher with autologous 

transplant (3.5% vs. 0%). Two French study groups 

were able to comment on overall survival with mature 

data. The GELA group compared CHVP (cyclophospha­

mide, doxorubicin, vepeside, and prednisone) combined 

with interferon‐alpha versus four cycles of CHOP (cyclo­

phosphamide, doxorubicin, vincristine, and prednisone) 

followed by autologous transplant with cyclophos­

phamide, etoposide and total body irradiation (TBI) 

conditioning. After an extended 7.5‐year median follow‐

up period, event‐free survival (EFS) was 28% for the 

interferon arm and 38% for the transplant arm (P = 0.11) 

with no difference in overall survival between the 

groups (71 and 76%, P = 0.53) [8]. The GOELAMS 

study group investigated the use of an induction 

regimen of VCAP (vincristine, cyclophosphamide, doxo­

rubicin, and prednisone) and IMVP‐16 (ifosfamide, 
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methotrexate, etoposide) followed by autologous trans­

plant against CHVP and interferon‐alpha [9]. This initial 

study reported an EFS benefit with autologous 

transplant of 60% versus 48% (P = 0.05) at 5 years with 

no overall survival advantage. They too found increased 

incidences of secondary malignancies in the transplant 

arm (six MDS/AML, four solid tumors, with seven 

fatalities compared to no secondary malignancies in the 

interferon arm). The 5‐year actuarial risk of secondary 

malignancy after transplant was 18.6%. After an 

extended follow‐up period of 9 years the estimated PFS 

was 64% with autologous transplant and 39% for the 

chemotherapy group (P = 0.004) [10]. Since the 

inception of the study 12 secondary malignancies 

occurred after autologous transplant, half of which were 

MDS/AML compared to one secondary malignancy in 

the comparator arm. Interestingly, of 35 patients treated 

for relapse with chemotherapy, 15 underwent autologous 

transplant and all achieved a second complete remission, 

except one for whom the response was unknown.

As rituximab became a standard component in follic­

ular lymphoma management, an Italian study group 

conducted a multicenter randomized Phase III trial 

comparing high‐dose sequential therapy (R‐HDS) with 

autologous transplant without TBI against R‐CHOP in 

136 stage III or IV follicular lymphoma patients under 

the age of 60 [11]. There was a statistically significant 

difference in EFS favoring transplant compared to che­

motherapy only (61% vs. 28%, respectively). Even 

though there was a greater percentage of molecular 

remissions after autologous transplant, there was no 

difference in overall survival. This may be partly due to 

the fact that the cumulative incidence of secondary MDS/

AML at 4 years was 6.6% for R‐HDS compared with 

1.7% for R‐CHOP, with secondary solid tumors being 

equal. Also corroborating the long‐term findings of the 

GOELAMS study group, a population of patients benefited 

from autologous transplant after having relapsed with 

standard chemotherapy. A recent meta‐analysis including 

three randomized clinical trials totaling 701 patients con­

firmed the lack of overall survival benefit with autologous 

transplant as upfront consolidative therapy [12].

With maturation of earlier data, showing lack of 

overall survival benefit and increased occurrence of 

therapy‐related MDS/AML, autologous transplant is 

not recommended as a consolidation strategy for follic­

ular lymphoma patients in first remission. A recent 

consensus statement by the European Society for 

Blood and Marrow Transplantation (EBMT) Lymphoma 

Working Party supports this notion [13].

Autologous transplant for relapsed 
follicular lymphoma

Most patients with follicular lymphoma will experience 

serial relapses and/or progression with the likelihood of 

inducing further remissions declining with each 

subsequent line of salvage therapy. Therefore, auto­

logous transplant can play an important role in patients 

with recurrent follicular lymphoma, as it can induce 

durable remissions more often than other forms of 

salvage therapy with relatively limited toxicity.

The only Phase III randomized study which prospec­

tively investigated the use of autologous transplant in 

the relapsed setting was the EBMT sponsored CUP (con­

ventional chemotherapy, unpurged graft, purged graft) 

trial [14]. It compared salvage chemotherapy alone to 

chemotherapy followed by either an unpurged or purged 

TBI conditioned autologous transplant. Despite slow 

accrual resulting in early termination of the study, 

89  patients less than age 65 who obtained at least a 

partial remission mostly after first relapse were 

randomized to one of the three arms. The purged and 

unpurged autologous transplant arms were combined 

due to the limited number of patients and demonstrated 

a notable difference in 2‐year PFS and overall survival 

(55% and 71%, respectively) when compared to che­

motherapy alone (26% and 46%, respectively). These 

survival benefits should be viewed in context of the fact 

that this study was conducted prior to the standard incor­

poration of rituximab in initial treatment strategies.

A large EBMT registry study retrospectively evaluated 

693 follicular lymphoma patients treated from 1979 to 

1995 with autologous transplant [15]. Almost all patients 

had chemosensitive disease, achieved a first or second 

remission, and most received TBI‐based conditioning. The 

incidence of relapse at a median of 1.5 years post autolo­

gous transplant was 54%. This risk of relapse was related 

to disease status prior to transplant and was slightly higher 

in those receiving non‐TBI‐based conditioning. PFS was 

31% and overall survival was 52% at 10 years for the 

entire cohort and 27% and 47%, respectively, at 15 years. 

Factors which contributed to a shorter overall survival on 

multivariate analysis included chemoresistant disease, age 

above 45 years, and TBI‐based conditioning. The 
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nonrelapse mortality was higher at 5 and 10 years for 

those receiving TBI compared to those who did not. This 

may be due in part to the higher incidence of, and death 

from, secondary neoplasms (13.5% vs. 3.5%), specifically 

MDS/AML (8.5% vs. 1.7%), among those receiving TBI 

versus chemotherapy only conditioning. This study con­

firmed the ability of autologous transplant to induce 

durable remissions and although conducted prior to 

rituximab it remains relevant because of its large cohort 

size and prolonged follow‐up. A German retrospective 

analysis also included a large group of patients with 

median follow‐up of 8 years [16]. Here, 241 follicular 

lymphoma patients underwent autologous transplant 

with TBI‐based conditioning unless previously irradiated 

in which case they received BEAM (BCNU, etoposide, 

ara‐C, melphalan) or Bu/Cy (busulfan/cyclophospha­

mide) conditioning. The 10‐year relapse probability, PFS 

and overall survival were 47%, 49%, and 75%, respec­

tively. Importantly the authors noted only a few relapses 

(3/103) occurring 6 years after autologous transplant and 

a plateau of the EFS curve at this time suggesting that 

approximately half of the patients were cured.

A joint English and American study retrospectively 

investigated the long‐term outcomes of 121 follicular 

lymphoma patients who underwent autologous trans­

plant compared to historical controls. All patients had 

been conditioned with cyclophosphamide and TBI and 

transplanted in second or subsequent remissions. With a 

minimum length of follow‐up of 12 years, the authors 

reported that 48% of patients were free from disease 

progression, with 54% alive at 10 years. Importantly, 

those transplanted in second remission survived longer 

than those transplanted at a later time, lending credence 

to the concept that utilizing autologous transplant ear­

lier in the disease course may offer a benefit compared 

to waiting for later responses [17].

More recent studies reflect the effects of rituximab 

use and of chemotherapy‐based conditioning on trans­

plant outcomes. A Canadian retrospective analysis 

conducted from 1993 to 2008 evaluated 100 follicular 

lymphoma patients under the age of 70 with good 

performance status who underwent autologous 

transplant after first or second relapse or for refractory 

disease [18]. TBI was administered to 59 patients. With 

a median follow‐up of 65 months, 40 patients relapsed, 

the 5‐year EFS was 56%, and overall survival was 70%, 

with projected 10‐year rates of 54% and 63% respec­

tively. The authors noted a significant prolongation in 

EFS post autologous transplant compared to last line of 

therapy administered prior to transplant. Evaluation of 

the EFS curve revealed a plateau at 6 years. The authors 

noted that administration of rituximab within 6 months 

prior to autologous transplant improved EFS, especially 

in those with FLIPI (Follicular lymphoma International 

Prognostic Index) scores of 2–5 at the time of relapse 

prior to salvage therapy and autologous transplant. 

Importantly there was no difference in EFS between 

those who failed rituximab prior to autologous trans­

plant versus those who did not. With a decreased rate of 

secondary malignancy compared to historical data 

[15,17], three of the four patients who developed 

secondary MDS/AML received TBI‐based conditioning.

The largest single‐center cohort analysis of BEAM 

conditioning in follicular lymphoma was undertaken by 

a British group [19]. They analyzed 70 patients aged less 

than 70 years with chemosensitive relapsed follicular 

lymphoma. Rituximab was administered in 66% of 

patients as part of front‐line or salvage therapy prior 

to autologous transplant; 34% of patients were trans­

planted in first remission, 50% in second remission, and 

16% in subsequent remissions. With a median follow‐

up of 6.8 years, the study demonstrated a 7‐year PFS of 

60% and overall survival of 76%. The authors noted a 

significant difference in overall survival for patients 

transplanted in first or second remission compared 

to  those transplanted in subsequent remissions. 

Importantly, there was no significant difference in  

7‐year overall survival for those patients who received 

rituximab prior to autologous transplant compared to 

those who were rituximab naive (78% vs. 72%, respec­

tively; P = 0.51). All three cases of secondary malig­

nancy (two MDS/AML, one malignancy of the 

urogenital tract) occurred in patients transplanted in 

third remission. This study suggests that more lines of 

pretransplant chemotherapy may be a contributing 

factor to secondary malignancies. This concept is sup­

ported by data showing occult MDS in some patients 

prior to transplant [20]. The authors reported no overt 

relapses after 6.4 years with a plateau in the EFS curve 

in patients transplanted in first or second remission.

Collectively, these analyses (Table  14.1) establish 

four  compelling findings. First, retrospective studies 

[15,16,18,19,21] consistently showed a plateau for EFS 

curves evident at approximately 6 years and beyond post 

autologous transplant. There exists a subgroup of approx­

imately 50% of patients with chemotherapy‐sensitive 



122      Clinical Guide to Transplantation in Lymphoma

recurrences in whom autologous transplant can be cura­

tive. Second, failure after prior rituximab exposure did 

not nullify the survival benefit seen with autologous 

transplant [18,19,22–24]. Third, TBI‐based conditioning 

for autologous transplant in the relapsed setting was 

associated with higher rates of long‐term nonrelapse 

mortality due to secondary malignancies, specifically 

MDS/AML [15,17,21] and therefore has largely been 

replaced with BEAM. Lastly, the ideal time to offer 

autologous transplant to chemosensitive follicular lym­

phoma patients may be in second remission as the ben­

efits optimally outweigh the risks compared to first or 

later remissions [17,25].

Graft purging

As the relationship between autograft contamination by 

residual lymphoma cells and relapse risk was established 

in the early 1990s [26–28], the objective of eliminating 

these cells from the graft with various “purging” tech­

niques became an important area of investigation. This 

concept was particularly pertinent to follicular and 

mantle cell lymphomas in which overt or occult bone 

marrow infiltration is a common feature [29]. These 

purging techniques have involved the use of mono­

clonal antibodies or chemotherapeutic drugs applied 

with both ex vivo and in vivo methods.

Numerous studies have been conducted, none of them 

conclusive. However, pooled data suggest a benefit to 

purging. This is best illustrated by a study from the Center 

for International Bone Marrow Transplant Registry 

(CIBMTR) which compared the outcomes of syngeneic, 

purged and unpurged autologous transplant with alloge­

neic stem‐cell transplantation (allo‐SCT) in NHL patients 

[30]. Recipients of purged autologous transplant had a 

lower risk of relapse (P = 0.0009), with increased disease‐

free survival (DFS) (P = 0.003) and overall survival  

(P = 0.04) compared to their unpurged counterparts. This 

study established an important proof of concept for the 

Table 14.1  Autologous transplant performed for relapsed follicular lymphoma [17,19,25].

Study No. Median 

follow‐up 

(years)

Conditioning EFS/PFS 

(%)

Overall 

survival 

(%)

TRM (%) Relapse 

rate (%)

Comments

Schouten et al. (2003) [14]

prospective

89 5.75 TBI based 55 71 10 43 Only prospective trial 

comparing autologous 

transplant and 

chemotherapy only

Montoto et al. (2007) [15]

retrospective

693 10.3 TBI based 31 52 9 (5‐year) 54 13.5% secondary 

malignancies in TBI based 

vs. 3.5% in non‐TBI 

conditioning

Rohatiner et al. (2007) [17]

retrospective

121 13.5 TBI based 48 54 22 49.5 15 secondary AML/MDS, 

4 other secondary 

malignancies

Kornacker et al. (2008) [16]

retrospective

241 8 TBI based 49 75 6.2 47 Five secondary neoplasms; 

only 3/103 relapses 

occurred after 6 years

Peters et al. (2011) [18]

retrospective

100 5.4 Variable, 40% 

TBI

56 70 7 40 Improved EFS if rituximab 

administered within 6 

months of autologous 

transplant

Kothari et al. (2014) [19]

retrospective

70 6.8 BEAM 60 76 12 NR All secondary malignancies 

occurred in patients 

transplanted in later than 

second remission

EFS, event‐free survival; PFS, progression‐free survival; TRM, transplant‐related mortality; TBI, total body irradiation; BEAM, BCNU/etoposide/
Ara‐C/melphalan.
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importance of a tumor‐free graft. In their large assessment 

of autologous transplant versus allo‐SCT specifically in fol­

licular lymphoma, CIBMTR also compared purged and 

unpurged groups and reported a decrease in early and late 

disease recurrences as well as improved DFS and overall 

survival in the purged autologous transplant patients [31].

Despite these advantages, ex vivo purging methods 

were technically arduous as well as labor‐ and cost‐

intensive [29,31]. Therefore, in vivo purging with 

rituximab became the preferred field of inquiry. Based 

on preliminary data indicating concurrent administration 

of rituximab with high‐dose Ara‐C as a safe and efficient 

method for in vivo purging in follicular lymphoma and 

mantle cell lymphoma [32], an Italian group conducted 

a multicenter prospective trial investigating purging 

with rituximab and chemotherapy prior to autologous 

transplant in 64 patients with refractory or relapsed 

follicular lymphoma [33]. Following nested polymerase 

chain reaction (PCR) for bcl‐2 rearrangement as a 

marker of residual lymphoma, all 33 patients in whom 

this data was available obtained PCR‐negative harvests 

and experienced favorable results compared to historical 

chemotherapy‐only programs. Furthermore, bcl‐2 nega­

tivity in the blood, bone marrow, and leukapheresis 

product was associated with the persistence of clinical 

remission after autologous transplant.

However, a prospective randomized trial by the EBMT 

Lymphoma Working Party of 280 rituximab‐naive patients 

with chemosensitive recurrence with a median follow‐up 

period of 8.3 years failed to show a benefit for in vivo 

purging with rituximab [34]. They found no difference in 

PFS or overall survival between the purged and unpurged 

groups. The authors speculate that the lack of observed 

benefit may have been related to insufficient sample size – 

the trial was stopped for slow accrual – and also to the fact 

that rituximab was given as a single agent rather than with 

chemotherapy. In the same study, there was a second ran­

domization to rituximab maintenance or not. Patients 

given four doses of maintenance chemotherapy had a 

significantly better PFS but not overall survival.

Allogeneic transplant for follicular 
lymphoma

With ideal timing autologous transplant is an effective 

part of the management paradigm for relapsed follicular 

lymphoma. However, a large percentage of patients will 

experience disease progression or relapse and are at risk 

of developing secondary AML/MDS. Many others will 

not qualify for autologous transplant because of insuffi­

cient response to salvage or because of inability to collect 

sufficient stem cells. As a result, the utilization of allo‐

SCT has been investigated as a potentially curative 

modality in select relapsed/refractory patients. Potential 

advantages for allo‐SCT consist of the administration of 

a lymphoma‐free graft that operates synergistically with 

a possible graft‐versus‐lymphoma (GVL) effect [35–38].

Other than patient selection, the issues which have 

surrounded the integration of allo‐SCT into treatment 

strategies include the timing, intensity of conditioning 

regimens, and efforts to reduce transplant‐related 

mortality (TRM) with methods such as graft mani­

pulation and/or GVHD prophylaxis.

In an initial study CIBMTR [39] demonstrated the 

curative potential of allogeneic sibling transplant for 

indolent lymphoma. They identified 113 patients trans­

planted at 50 centers. The conditioning regimen 

included TBI in 82% of patients. Three‐year probabil­

ities of recurrence, survival, and DFS were 16%, 49%, 

and 49%, respectively. Higher survival was associated 

with pretransplant Karnofsky performance score of 

90% or more, chemotherapy‐sensitive disease, use of a 

TBI‐containing conditioning regimen, and age less than 

40 years. A subsequent CIBMTR analysis [31] studied 

904 follicular lymphoma patients who underwent 

purged and unpurged autologous transplant (N = 728) 

and matched sibling donor allogeneic transplant  

(N = 176). All allogeneic patients received myeloabla­

tive conditioning, which was mostly TBI based (68%). 

The cumulative rate of relapse was reduced by 54% in 

the allo‐SCT cohort. However, PFS and overall survival 

between the groups were similar. This was due to a 

striking increase in TRM with allo‐SCT (30%) compared 

to autologous transplant (4.4 times higher on multivar­

iate analysis). Importantly, in this analysis most relapses 

after allo‐SCT occurred in the first year as opposed to 

autologous transplant, where relapses occurred over an 

extended period of time. Consistent with previous 

studies, all secondary malignancies during this follow‐

up period occurred after autologous transplant, even 

though there was a higher percentage of TBI usage in 

the allo‐SCT group.

An EBMT registry report comparing autologous trans­

plant and allo‐SCT in early disease patients had similar 

outcomes [40]. In the low‐grade NHL group, the authors 



124      Clinical Guide to Transplantation in Lymphoma

similarly reported a lower relapse rate and comparable 

PFS but lower overall survival in the allo‐SCT group, 

with a TRM at 4 years of 38%. As in the CIBMTR studies, 

allo‐SCT patients tended to have more advanced and 

resistant disease prior to transplant and received TBI 

more often. Taken together these large registries demon­

strated that allo‐SCT with myeloablative conditioning 

may reduce relapse rates, but unfortunately the high 

TRM abrogated overall survival benefit. Significantly, 

CIBMTR studies repeatedly showed that survival and 

TRM were influenced by patient performance status and 

chemotherapy sensitivity. There were many subsequent 

efforts at developing strategies to maintain disease con­

trol while improving on the unacceptably high rates of 

TRM caused by allogeneic transplant.

By the late 1990s small retrospective cohorts found 

improved outcomes with reduced‐intensity condi­

tioning (RIC) compared to historical controls utilizing 

myeloablative conditioning [41]. To better define this 

comparison, the CIBMTR analyzed 208 follicular 

lymphoma patients who received conventional allo‐SCT 

from matched sibling donors with either myeloablative 

conditioning or RIC from 1997 to 2002 [42]. A total of 

120 patients received myeloablative conditioning with 

Cy‐TBI or Bu‐Cy; 95% (N = 84) of the patients in the 

RIC arm received a fludarabine‐based regimen. Notably, 

prognostic features of disease sensitivity and performance 

score prior to transplant were well balanced between 

the two groups. The 3‐year incidences of acute (a)GVHD 

and chronic (c)GVHD were higher in the RIC arm, and 

TRM was almost identical at 1 and 3 years post trans­

plant. A significantly higher risk of progression/relapse 

with RIC did not translate to a difference in PFS or 

overall survival. Multivariate analysis reconfirmed that 

decreased performance score and chemotherapy‐

resistant disease were predictors of outcome, but not the 

type of conditioning regimen.

These investigations included young patients (40–50 

years) and, as the authors from the CIBMTR noted, 

despite a therapeutic equivalence, the percentage of RIC 

allo‐SCT increased exponentially from the late 1990s to 

the early 2000s, signifying a shift in practice (Table 14.2). 

RIC is generally considered a more widely inclusive and 

tolerable strategy even though the data do not directly 

establish superiority of one approach over another.

Expanding on the use of RIC, the group from the 

M.D. Anderson Cancer Center [43] published long‐term 

outcomes of 47 young patients (median age 53 years) 

with good performance scores and chemosensitive 

relapsed follicular lymphoma. The cohort received RIC 

allo‐SCT with mostly matched sibling donors (N = 45). 

The patients were administered fludarabine and cyclo­

phosphamide with high‐dose rituximab (375 mg/m2 on 

day –13 and high doses of 1000 mg/m2 on days –6, +1 

and +8) for chemosensitization and as an effort to 

ameliorate rates of GVHD. All patients achieved 

complete remission with only two relapsing at a median 

of 19 months post transplant. PFS and overall survival 

with a median follow‐up of 60 months were 83% and 

85%, respectively. Rates of grade 2–4 aGVHD were 11% 

and extensive cGVHD was 36%. One‐year TRM was 

10%. In an update of this cohort with a median follow‐

up of 107 months the estimated PFS and overall survival 

were 72% and 78%, respectively. Only one further 

relapse occurred in addition to the two previously 

reported and occurred 6 years after allo‐SCT. The 

reported incidence of greater than grade 2 aGVHD and 

extensive stage cGVHD remained virtually the same at 

13% and 40%, respectively [44]. These mature data 

support the concept that RIC with fludarabine, cyclo­

phosphamide and rituximab may be curative for certain 

relapsed follicular lymphoma patients. It is imperative 

to recognize that selection of young patients who have a 

good performance status and chemosensitive disease 

with matched sibling donors contributed to these out­

comes in contrast to the heterogeneous populations and 

treatments studied together in the registry analyses. 

Also, the risk of developing cGVHD, one of the leading 

causes of late morbidity and TRM after allogeneic trans­

plant [45], remains high after RIC. This adds justifica­

tion for the pursuit of methods such as T‐cell depletion 

to reduce the chance of developing this complication.

An English group investigated the use alemtuzumab 

for T‐cell depletion in 88 patients with relapsed and 

refractory NHL. Cyclosporine was used as post‐

transplant GVHD prophylaxis. They noted only six 

cases of cGVHD and an overall TRM of only 8%. Three‐

year PFS was 65% for low‐grade NHL but this included 

some patients who achieved remission after donor 

lymphocyte infusion (DLI) [46]. This was followed by a 

multicenter prospective study [38] evaluating 82 

patients (median age 45 years) with chemosensitive 

disease who received allo‐SCT from 1998 to 2009; 52% 

of patients received stem cells from an unrelated donor. 

With a 43‐month median follow‐up, median incidence 

of grade 2–3 aGVHD was 13% (8% in patients with 
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matched sibling donors and 18% in patients with 

unrelated donors). Incidence of extensive cGVHD was 

11% for patients with matched sibling donors and 29% 

for patients with unrelated donors. TRM was 15%, 

with relapse or progression occurring in 23% of the 

complete cohort. A total of 13 patients required DLI for 

relapsed disease, 10 of whom then achieved complete 

remission. PFS and overall survival were 76% at 4 

years. A European study compared outcomes of 

patients receiving a fludarabine and alkylator‐based 

conditioning regimen with alemtuzumab or antithy­

mocyte globulin (ATG) for T‐cell depletion (N = 88) 

versus those without (N = 76) [47]. The incidence of 

grade 2 or greater aGVHD was lower in patients under­

going T‐cell depletion than in those undergoing non‐T‐

cell depletion (17% vs. 31%, P = 0.04). The incidence 

of cGVHD was considerably smaller (33% vs. 73%, P = 

0.01). Despite a higher relapse rate after T‐cell 

depletion, current PFS (which includes patients 

salvaged with DLI) was similar and overall survival was 

similar after T‐cell depletion and non‐T‐cell depletion 

transplant. Disease status at transplantation was the 

best predictor of long‐term outcome. With similar 

median term survival and concerns over late morbidity 

and mortality in patients with cGVHD, we continue to 

pursue T‐cell depletion at our center.

Nonsibling donor allogeneic 
transplant in follicular lymphoma

Although most reports focus on matched sibling donors, 

in clinical practice most patients needing allo‐SCT are 

without such a donor. For these patients, options 

include a matched unrelated donor (MUD), cord blood 

stem cells, or haploidentical donors.

An EBMT registry analysis evaluated 131 patients 

who received a MUD transplant from 2000 to 2005. The 

majority of these patients received RIC and 47% had 

failed previous autologous transplant. With a median 

follow‐up of 36 months, PFS was 47% and overall survival 

was 51%, with 37% and 48% of patients developing stage 

2–4 aGVHD and cGVHD respectively [48].

Another EBMT registry study evaluated unrelated 

single or double umbilical cord transplants in patients 

with lymphoid malignancies [49]. A single cord was 

transplanted in 75% of the cases, with 64% of the patients 

receiving RIC. The authors reported nonrelapse mortality, 

PFS, and overall survival rates of 20%, 60%, and 68%, 

respectively at 1 year in those with indolent lymphoma. 

Overall, they concluded that umbilical cord transplant is a 

viable alternative for patients without an HLA‐matched 

donor in chemosensitive lymphoid malignancies. 

Haploidentical stem cells are also under investigation 

Table 14.2  Reduced‐intensity conditioning allogeneic stem cell transplant for relapsed follicular lymphoma.

Study No. Median 

follow‐up 

(years)

Conditioning EFS/PFS (%) Overall 

survival (%)

TRM (%) Relapse rate 

(%)

Comments

Hari et al.  

(2008) [42]

RIC, 

88

3 Follicular 

lymphoma based 

(RIC)

55 62 28 17 Day 100 grade 2–4 

aGVHD, 44%; 3‐year 

cGVHD, 62%

Khouri et al. 

(2008, 2012) 

[43,44]

47 8.9 FCR 72 78 15 (5‐year) 6 Grade 2–3 aGVHD, 

13%; 3‐year cGHVD, 

58%

Thomson et al. 

(2010) [38]

82 3.5 FMC 76 76 15 26 Grade 2–3 aGVHD, 

13%; cGVHD, 30%

Delgado et al. 

(2011) [47]

164 4 Follicular 

lymphoma based 

(RIC) ± ATG/

alemtuzumab

52, T‐cell 

depletion; 67, 

conventional

74, T‐cell 

depletion; 74, 

conventional

18, T‐cell 

depletion; 17, 

conventional

28, T‐cell 

depletion; 14, 

conventional

Grade 2–4 aGVHD, 

15% (T‐cell depletion), 

23% (conventional)

cGVHD, 25% (T‐cell 

depletion), 46% 

(conventional)

aGVHD, acute graft‐versus‐host disease; ATG, antithymocyte globulin; cGVHD, chronic graft‐versus‐host disease; EFS, event‐free survival; FCR, 
fludarabine/cyclophosphamide/rituximab; FMC, fludarabine/melphalan/cyclophosphamide; PFS, progression‐free survival; RIC, reduced‐intensity 
conditioning; TRM, transplant‐related mortality.
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(NCT01597778) in hematologic malignancies including fol­

licular lymphoma with encouraging results [50,51].

RIC allogeneic versus autologous 
transplant

Choosing which transplant procedure would more 

highly benefit certain patients in the primary relapsed 

setting can be challenging. A recent EBMT registry study 

evaluated follicular lymphoma patients who relapsed 

after a first remission and underwent either autologous 

transplant (N = 726) or RIC allo‐SCT (N = 149) [52]. 

Patient characteristics were similar between the groups, 

but there were a higher percentage with chemoresistant 

disease in the allo‐SCT arm (20% vs. 7%). Patients 

received a fludarabine‐based RIC regimen. The 3‐year 

cumulative incidence of nonrelapse mortality was 5% 

with autologous transplant compared to 22% with allo‐

SCT. A higher proportion of relapses occurred in the 

autologous transplant arm, with close to half of patients 

relapsing at a median time of 5.4 months post transplant. 

The allogeneic transplant patients fared much better, 

with a 20% incidence of relapse occurring at a median of 

13 months post transplant. With a median follow‐up of 

5 years, PFS was similar in the first year after transplant 

but afterwards favored those patients who underwent 

allo‐SCT (48% vs. 57%). However, there was no difference 

in overall survival in the two arms. A plateau was present 

in the PFS curves in the allo‐SCT group. In another recent 

retrospective NCCN analysis of follicular lymphoma in 

first relapse [24], nonrelapse mortality was much higher 

in the allo‐SCT group which conferred an overall survival 

advantage for the autologous transplant arm. It must be 

noted that the allo‐SCT group was much smaller (N = 49) 

and combined both related and unrelated donors adminis­

tered “mostly” RIC. A previous attempt to prospectively 

investigate autologous transplant and RIC allo‐SCT in a 

biologic assignment study by the Bone Marrow Transplant 

Clinical Trials Network [53] was closed early due to slow 

accrual (eight patients in the allo‐SCT arm).

Transformed follicular lymphoma

With an annual reported risk of 3–5%, transformation 

to a more aggressive histology will occur in a percentage 

of follicular lymphoma patients [54,55]. Outcomes of 

patients with disease transformation have been poor, 

with median survival ranging from 1 to 2 years after 

transformation [15,54]. In the largest early study the 

EBMT group analyzed autologous transplant consolida­

tion in 50 transformed lymphoma patients with che­

mosensitive disease and reported 5‐year PFS and 

overall survival rates of 30% and 51%, respectively 

[56]. Smaller studies showed similar 5‐year PFS and 

overall survival [56–61].

A recent Canadian study addressed the role of trans­

plant in the rituximab era [62]. The authors compared 

three groups of patients with transformed lymphoma: 

those undergoing autologous transplant (N = 22), allo‐

SCT (N = 97), and only rituximab‐containing chemo­

therapy (N = 53). The approximate time from diagnosis 

to transformation for the entire cohort was 4 years. The 

authors reported 5‐year overall survival of 65% with 

autologous transplant, 46% with allo‐SCT, and 61% 

with the rituximab chemotherapy group (P = 0.24). On 

multivariate analysis no significant differences in 

survival were noted between the transplant groups, 

although an improvement in overall survival was noted 

between autologous transplant and the rituximab 

cohort. Even though allo‐SCT may have the benefit of a 

GVL effect, the higher TRM may have contributed to 

lower survivals. On further adjustment the authors con­

cluded that autologous transplant offers a modest 

benefit for physically fit patients with chemosensitive 

nonbulky follicular lymphoma. Another CIBMTR study 

compared autologous transplant (N = 108) and allo‐SCT 

(N = 33) in transformed lymphoma. Among allo‐SCT, 

those patients undergoing RIC experienced better 

survival than myeloablative conditioning because of 

decreased TRM. Regardless of age, histological transfor­

mation, or previous rituximab use, the authors noted 

that autologous transplant provided durable survival in 

a group of patients [63].

The optimal approach for the management of trans­

formed lymphoma remains under investigation and 

should be tailored to each individual case. Certain 

clinical and patient characteristics, such as disease stage 

and burden, response to salvage chemotherapy, 

performance status, and comorbid conditions, must be 

accounted for when formulating a management 

strategy, not unlike the nontransformed disease setting. 

Based on these concepts there is a role for both auto­

logous transplant and RIC allo‐SCT in select individuals 

with follicular lymphoma.
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Chemorefractory follicular lymphoma

There is a group of patients in whom standard chemo­

therapeutic regimens fail to induce a substantive 

complete or partial response. Although autologous 

transplant is not recommended in this setting, these 

patients may derive benefit from undergoing allo‐SCT. 

A recent large analysis by the CIBMTR evaluated 

patients with chemorefractory NHL undergoing allo‐

SCT with both myeloablative and RIC regimens [64]. 

A  total of 80 patients were diagnosed with grade 3 

refractory follicular lymphoma. One‐quarter of 

refractory patients, both diffuse large B‐cell lymphoma 

(DLBCL) and follicular lymphoma, experienced remis­

sion up to 3 years post transplant. Among this group, 

those patients with refractory follicular lymphoma dem­

onstrated better outcomes than those diagnosed with 

refractory DLBCL. Therefore, this large registry study 

supports previous analyses [65–67] that allo‐SCT can 

benefit a subset of patients with chemorefractory low‐

grade lymphoma and follicular lymphoma. However, 

identifying those most likely to benefit remains a 

challenge. Our data and those of others suggest that 

serum lactate dehydrogenase may be a better predictor 

of outcome than positron emission tomography [67,68].

Post‐transplant relapse

Choices for relapsed follicular lymphoma after autologous 

transplant range from localized radiation to rituximab to 

allo‐SCT. Consideration must be given to the previous 

type of transplant, whether there is localized or wide­

spread relapse, chemosensitivity, duration of remission, 

and patient characteristics. With the advent of targeted 

therapies, recent data offer promise for treatment extend­

ing to follicular lymphoma in this particular setting [5].

Relapse after allogeneic transplant also has features of 

interest. Management options in this setting include 

manipulation of immune suppression or DLI [69] or, if 

possible, a second allo‐SCT. Follicular lymphoma has 

high rates of response to immunological therapies. For 

example, in one series 28 patients who underwent allo‐

SCT and received DLI in NHL included 19 follicular 

lymphoma patients, five of whom had transformed lym­

phoma. With 17 patients receiving DLI for progressive 

disease, 13 achieved a complete response with a median 

time to response of 12 months. Importantly, the authors 

noted a 5‐year PFS and overall survival of 76% and 

88% in this group [37]. In our own series, relapse more 

than 6 months after transplant was associated with a 

median survival of 16.3 months. Of 15 such patients, 

nine remained alive, mostly in remission, and only two 

deaths were attributed to lymphoma [67].

Minimal residual disease detection

Data from the Dana Farber group [26–28] helped to 

establish that detection of minimal residual disease (MRD) 

can act as an important prognostic tool in follicular lym­

phoma. Long‐term analysis from this group [70] revealed 

that MRD negativity by PCR in follicular lymphoma grafts 

translated to a significant difference in PFS compared to 

patients who received MRD‐positive grafts (67% vs. 

26%). Two Italian studies confirmed the relevance of this 

concept in the rituximab era. A previously mentioned 

Italian prospective trial investigating purging strategies 

prior to autologous transplant in relapsed follicular lym­

phoma followed nested PCR for bcl‐2 and revealed how 

loss of molecular response was invariably followed by 

clinical relapse [33]. These findings were recently recon­

firmed by another Italian study [71]. Although these data 

provide some insight and justification for following MRD 

in follicular lymphoma, considerable work is left to 

achieve a standardized approach. Questions pertaining to 

the best method to utilize, what constitutes a positive test, 

what level of positivity correlates with impending pending 

relapse, and when should clinical intervention be consid­

ered continue to linger. Detecting MRD at the level of 

bone marrow and peripheral blood can be used as part of 

a combination which includes imaging to gauge response 

to treatment or to detect relapsing disease once prospec­

tively validated. It may offer valuable information in the 

future for guiding follicular lymphoma management in 

the post‐transplant period.

Conclusion

The variable clinical course of follicular lymphoma 

makes it difficult to predict individual prognosis at the 

time of diagnosis. Unlike certain myeloid malignancies, 

current biologic and genetic determinations to assess 

disease risk are not yet sufficient to predict outcome in 

follicular lymphoma [13], necessitating assessment of 
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disease course to contemplate optimal timing for trans­

plantation. The question of which patients benefit from 

autologous transplant or allo‐SCT requires the clinician 

to individualize management options based on both 

patient and disease characteristics. These include 

chemosensitivity, duration and depth of remission, 

physiologic age and performance score, availability of 

an HLA‐matched donor, comorbid conditions and, often 

overlooked, social and psychological hurdles.

Novel approaches incorporating new agents such as 

immunomodulators, BTK and PI3K inhibitors further 

complicate the therapeutic landscape and will in the near 

future once again require repositioning of the role of 

transplant. Currently, for patients with chemosensitive 

disease and good performance score in later than first 

remission, the data support offering autologous trans­

plant, which can result in long‐term DFS and possibly 

cure [13,25]. For patients with refractory disease and 

HLA‐matched donors, or for post autologous transplant 

relapse, allo‐SCT is an attractive approach (Table 14.3). 

The transplant community continues to investigate inno­

vative methods to further improve rates of disease con­

trol and ameliorate toxicities by limiting effects of GVHD 

without reducing the potential GVL effect [72].
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Introduction

In Western countries, chronic lymphocytic leukemia 

(CLL)/small lymphocytic lymphoma (SLL) is the most 

common leukemia diagnosed, with more than 14,500 

newly diagnosed cases each year [1]. The clinical course 

of CLL is very heterogeneous, with some patients hav­

ing a very indolent course requiring no therapeutic 

interventions while some have very rapidly progressive 

courses requiring urgent and aggressive treatment. As 

most patients are typically diagnosed in the sixth or 

seventh decade of life, consideration of therapy should 

be focused on treating symptoms and ultimately pre­

serving quality of life, as many of these patients will not 

be eligible for curative treatment [2]. Currently, two 

accepted clinical staging classification schemes are used 

to determine risk and median survival, and can help 

guide clinicians regarding timing of treatment [3,4]. 

Additionally, guidelines from the International Workshop 

on Chronic Lymphocytic Leukemia published by the 

National Cancer Institute Working Group are helpful in 

determining when to initiate treatment and the recom­

mended treatments for patients with active disease; 

typically this includes patients who have symptomatic 

disease, bulky progressive lymphadenopathy, or evidence 

of marrow failure [5].

For patients with good performance status requiring 

treatment for symptomatic or rapidly progressive dis­

ease, preferred regimens include fludarabine‐based 

therapy in combination with cyclophosphamide and 

rituximab (FCR). This regimen has been shown to be 

most effective in producing a complete response (CR) in 

both previously untreated and treated patients [6–8]. 

Alemtuzumab is an anti‐CD52 monoclonal antibody 

that is approved for patients with previously untreated 

CLL as well as for those with fludarabine refractory dis­

ease. It has also been shown to be efficacious for patients 

with 17p deletions or p53 mutations [9]. Recently, there 

has been a significant increase in development of tar­

geted therapies for the treatment of CLL, which have 

improved response rates and tolerability. Their role in 

upfront treatment of CLL remains to be defined.

Indication for transplantation 
in CLL/SLL

For the majority of patients diagnosed with CLL/SLL, 

hematopoietic stem cell transplant is not a viable 

treatment option as most are elderly with many medical 

comorbidities. Additionally, many often do not need treat­

ment for an oftentimes indolent disease. Determining 

which patients may benefit from hematopoietic stem 

cell transplant remains a challenge.

Allogeneic stem cell transplantation (allo‐SCT) is now 

considered the mainstay of transplant treatment for 

patients with high‐risk or refractory CLL, employing 

reduced‐intensity conditioning (RIC) or nonmyeloabla­

tive (NMA) conditioning allo‐SCT and either related or 

unrelated donors. In regards to who should be referred 

for consideration of allo‐SCT, the European Society for 

Blood and Marrow Transplantation (EBMT) guidelines 

outline in which patients allo‐SCT should be consid­

ered. Allo‐SCT is an efficacious and reasonable treatment 
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option in younger patients with (i) purine analog refrac­

toriness, defined as no response or early relapse within 

12 months; (ii) relapse within 2 years after purine analog 

combination therapy; and (iii) patients with del 17p/p53 

mutation in whom treatment is required [10]. In 

particular, in patients who harbor the p53 abnormality, 

allo‐SCT should be considered in first complete remis­

sion (CR1) as their prognoses are very poor. It is recom­

mended that these patients be referred to transplant 

centers early for discussion of transplantation and 

identification of potential donors [2]. It should be noted 

that the EBMT consensus states that no chemothera­

peutic regimen, including those with high‐dose chemo­

therapy followed by autologous transplant, is curative 

whereas allo‐SCT is the only curative treatment modality.

Timing and preparation of patients 
for transplantation in CLL/SLL

Allo‐SCT was first reported in 1988 [11] and over the 

years has struggled with high transplant‐related 

mortality (TRM) in patients who underwent myeloabla­

tive conditioning (MAC). With the advent of RIC and 

NMA conditioning, interest in this treatment modality 

has resurfaced and outcomes have been improved, with 

less morbidity and mortality. Although there is no 

definitive evidence to suggest otherwise, it is thought 

that the success of allo‐SCT decreases as more cytotoxic 

therapies are used prior to transplant [10]. This suggests 

that consideration of allo‐SCT should be done early in 

patients who may be able to derive benefit, such as 

younger patients with poor‐risk disease.

The underlying mechanism of the therapeutic efficacy 

of allo‐SCT in CLL is based on the principle of the graft‐

versus‐leukemia (GVL) effect; thus, a reduced‐intensity 

regimen has been shown to reduce TRM without 

impacting the efficacy of the GVL effect [10]. This is par­

ticularly important in older patients who may have 

comorbid illnesses but who have good disease control. 

For younger patients with poor disease control, it may 

be reasonable to consider a more ablative regimen [12]. 

In general, the evidence suggests that RIC allo‐SCT is 

an effective treatment for patients with poor‐risk CLL, 

although there is not sufficient evidence to specifically 

identify a superior conditioning regimen [10].

In preparing patients for consideration of allo‐SCT, 

referring physicians must not only consider their age, 

but other factors as well. Most transplant centers will 

consider patients up to the age of 70 with sufficient 

organ function to undergo RIC allo‐SCT. These patients 

must have acceptable cardiac, pulmonary, hepatic, and 

renal function along with good performance status, typ­

ically with a Karnofsky performance status (KPS) of at 

least 80%. Additionally, the patient’s disease should be 

chemosensitive with optimal tumor cytoreduction prior 

to transplant to optimize outcomes, as predictors of out­

come after NMA or RIC allo‐SCT are often dependent 

on pretransplant disease status, with patients who had 

higher disease burdens or high bone marrow involve­

ment before transplant being at higher risk of post‐

transplant relapse.

If patients have siblings of adequate age and donor eli­

gibility, these patients and their siblings should be con­

sidered for human leukocyte antigen (HLA) typing. 

There are no data to suggest that related or unrelated 

donors are better than one another, and a retrospective 

analysis from the National Marrow Donor Program 

(NMDP) demonstrated that allo‐SCT with unrelated 

donors is feasible and effective [13]. Thus recommenda­

tions regarding donor source would simply be based on 

donor availability and degree of HLA match [10]. The 

degree of matching may impact outcomes, as described 

by Michallet et al. [14] in a retrospective analysis of the 

EBMT registry which showed no difference in overall 

survival (OS) between HLA‐identical siblings and well‐

matched unrelated donors but conversely showed 

that  patients with mismatched donors had statistically 

worse outcomes with regard to OS due to excess in TRM. 

There are no firm data on the superiority of bone marrow 

versus peripheral blood stem cell grafts, and either is con­

sidered suitable for transplantation. Alternative sources, 

including umbilical cord grafts and haploidentical donor 

transplants, are less commonly performed. However, 

recent data suggest that umbilical cord transplants are 

feasible and have demonstrated encouraging results 

with no difference in outcomes when compared with 

matched unrelated donors [15,16].

Transplant outcome in CLL/SLL

Autologous stem cell transplantation
The stem cell transplant landscape has changed for CLL 

over the past decade, with a shift from autologous stem 

cell transplantation (auto‐SCT) to primarily allo‐SCT. 
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Initial data in the 1990s and early 2000s suggested that 

there was a possible survival benefit to auto‐SCT for 

high‐risk patients [17,18]. Michallet et al. [19] published 

results of a Phase III prospective randomized trial 

that investigated autografting versus observation alone 

for patients who had responded to first‐ or second‐line 

treatment. Most patient received fludarabine‐based 

therapy but only 4% received a combination of purine 

analog and rituximab‐based treatment. Autografts 

received a cyclophosphamide/total body irradiation 

(Cy/TBI) or carmustine, etoposide, cytarabine, and mel­

phalan (BEAM) preparative regimen. The study showed 

that event‐free survival (EFS) was prolonged in the 

auto‐SCT group (51.2 months vs. 24.4 months in the 

observation group), but 5‐year OS was similar in both 

groups (85.5% vs. 84.3% for autografting and observa­

tion, respectively; P = 0.77).

Another prospective randomized trial by Brion et al. 

[20] reported on the impact of high‐dose chemotherapy 

followed by auto‐SCT in CLL in the Groupe Ouest Est 

d’Etude des Leucemies Aigues et Maladies due Sang 

LLC 98 trial (GOELAMS LLC 98). This study compared 

conventional chemotherapy with 6‐monthly courses of 

CHOP (cyclophosphamide, hydroxydaunorubicin, vin­

cristine, prednisone) followed by six CHOP courses every 

3 months in those achieving CR or partial response (PR) 

with patients who received high‐dose therapy using a 

Cy/TBI preparative regimen followed by auto‐SCT after 

three courses of CHOP. The study demonstrated that the 

auto‐SCT group had a better progression‐free survival 

(PFS) of 53 months compared to 22 months in the con­

ventional chemotherapy group. However, no difference 

in OS was noted in this study that was notably accrued 

in the pre‐rituximab era.

Similarly, Sutton et al. [21] reported results from a 

prospective, randomized, multicenter European trial 

that compared auto‐SCT with observation in patients 

with advanced CLL. Patients received two courses of 

mini‐CHOP followed by three courses of fludarabine. 

Those who achieved a CR were then randomized to 

auto‐SCT versus observation, while those who did not 

achieve a CR were randomized to a dexamethasone, 

high‐dose aracytin, cisplatin (DHAP) salvage regimen 

followed by auto‐SCT or three courses of fludarabine/

cyclophosphamide (FC). EFS was superior in those that 

had a CR compared to the observation group (79.8% vs. 

35.5%, adjusted hazard ratio 0.3, 95% CI 0.1–0.7;  

P = 0.003). No difference in survival was observed 

however. No difference was seen in the auto‐SCT and 

FC groups that required DHAP salvage.

It should be noted that as these important clinical 

trials were accruing, the era of rituximab therapy in 

treatment of CLL was only beginning to emerge. Hallek 

et al. [22] would publish a large randomized trial of 

fludarabine, cyclophosphamide, and rituximab (FCR) 

versus fludarabine and cyclophosphamide alone (FR) 

and showed that in previously untreated patients the 

addition of rituximab would add a statistically significant 

survival benefit.

In one of the few studies to compare auto‐SCT with 

allo‐SCT, Gribben et al. [23] reported that there was no 

difference in OS, cumulative incidence of disease recur­

rence, or deaths between the two groups, with decreased 

TRM in the RIC allograft group. In their long‐term 

follow‐up study, which included 162 patients with 

high‐risk CLL who underwent transplantation at their 

center from 1989 to 1999, they showed that PFS was 

significant longer following auto‐SCT than allo‐SCT but 

no difference in OS was detected. They also reported 

a  good response to therapy with donor lymphocyte 

infusion (DLI) for relapse after transplant, indicating a 

robust GVL effect, which had also been previously 

described [24].

Thus, based on the fact that the auto‐SCT trials were 

done in the pre‐rituximab era and that no OS benefit 

was shown, the general consensus is that there is no 

superiority of auto‐SCT compared to conventional 

chemotherapy in the rituximab era. Additionally, the 

negative impact of biomarkers that typically lead to 

chemotherapy resistance (e.g., TP53 mutations) cannot 

be overcome by autografting, whereas data have shown 

that such high‐risk genetic aberrations can be overcome 

by allografts. There is currently no role for auto‐SCT in 

the treatment of advanced CLL and it should not be 

recommended outside of a clinical trial [25].

Allogeneic stem cell transplantation
With the advent of RIC or NMA conditioning in stem 

cell transplantation, interest in studying allo‐SCT as 

a  potentially curative treatment modality in older 

patients has again resurfaced. These types of transplant 

reduced the previously seen high morbidity and 

mortality associated with the myeloablative transplants 

[26–28].

Michallet et al. [29] published a retrospective cohort 

study looking at patients with CLL who were younger 
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than 60 years old and had an HLA‐identical sibling 

donor that was reported to the EBMT or the International 

Bone Marrow Transplant registry from 1984 to 1992, 

with most patients receiving a myeloablative regimen of 

Cy/TBI followed by a bone marrow graft. Their results 

showed that 70% of their 54 evaluable patients achieved 

hematologic remission with a median OS of 27 months. 

Their study showed that allo‐SCT was feasible and can 

result in long‐term survival.

Because of the high TRM associated with myeloabla­

tive transplants, investigators began looking at nonmye­

loablative or reduced‐intensity conditioning strategies 

for CLL. Khouri et al. [26] described an NMA fludara­

bine-based conditioning regimen in 15 patients with 

advanced refractory CLL or lymphoma followed by HLA‐

identical sibling transplant and showed that this type of 

transplant was feasible with regard to successful engraft­

ment and durable GVL effect. They also further demon­

strated direct evidence of GVL by the use of DLI in 

patients with post‐transplant relapse.

Later studies would be done which showed again the 

feasibility of nonablative transplant along with the evi­

dence that allo‐SCT could overcome poor prognostic 

genomic factors. For example, it is now known that 

patients with overexpression of the zeta‐chain‐associated 

protein (ZAP)‐70 and presence of 17p mutations can be 

overcome by a potent GVL effect with allo‐SCT. Khouri 

et al. [30] demonstrated in patients who were treated 

with fludarabine, cyclophosphamide and rituximab‐

based nonablative regimens had an OS of 48% and PFS 

of 44% at 4 years, with multivariate analysis indicating 

that chemorefractory disease and mixed T‐cell chime­

rism, not ZAP‐70 expression, were associated with risk of 

disease progression after allo‐SCT. Similarly, Schetelig 

et  al. [31] published data from the EBMT database of 

44  patients with 17p deletion CLL who underwent a 

matched sibling or alternative donor transplant, with the 

majority receiving RIC (89%) and showed that 3‐year 

OS and PFS were 44% and 37%, respectively. No relapses 

occurred in their cohort of patients who had longer than 

4‐year follow‐up. Their conclusion was that allo‐SCT has 

the potential to induce long‐term disease‐free survival in 

patients with 17p deletion CLL.

Dreger et al. [32] published a landmark prospective 

multicenter Phase II trial which investigated the long‐

term outcome of RIC allo‐SCT in patients with poor‐risk 

CLL with fludarabine and cyclophosphamide‐based 

conditioning. A total of 90 evaluable patients were 

reported, with 4‐year OS of 65%, EFS of 42%, and 

nonrelapse mortality (NRM) of 23%. Their EFS was 

similar for all genetic subsets, including patients with 

17p deletion. The authors were able to study a subset of 

patients with minimal residual disease (MRD) using 

flow cytometry or real‐time quantitative polymerase 

chain reaction and showed that these patients had a 

superior EFS of 89%. Multivariate analysis showed that 

uncontrolled disease and in vivo T‐cell depletion with 

alemtuzumab, but not 17p deletion, were adverse pre­

dictors of outcome. They concluded that up to half of 

patients with poor disease could have a good long‐term 

outcome that was independent of the underlying 

genomic risk profile, with those who were able to 

achieve MRD negativity post transplant having superior 

outcomes. Other studies of patients who underwent 

allo‐SCT with NMA conditioning for relapsed/refractory 

disease showed that other variables which potentially 

impact outcomes, including below‐normal serum IgG 

levels and CD4 count less than 100/mm3, were associ­

ated with reduced OS [33].

Delgado et al. [34] studied 41 patients treated with 

fludarabine, melphalan, and alemtuzumab conditioning 

followed by HLA‐matched sibling, unrelated and mis­

matched donor transplant, demonstrating a 2‐year OS 

of 51% and NRM of 26%. Their conclusion was that an 

alemtuzumab‐based regimen was feasible and effective, 

with a low rate of graft‐versus‐host disease (GVHD) but 

a relatively high TRM due to excess viral and fungal 

infections.

The conclusion from the allo‐SCT with RIC/NMA 

conditioning strategies is that they are feasible and have 

evidence to show that a reasonable number of patients 

with high‐risk or refractory CLL can achieve long‐term 

disease‐free survival without excess TRM. Thus, for 

patients who are physically fit and harbor high‐risk 

disease, early allo‐SCT should be considered.

Management of relapses after 
transplantation for CLL/SLL

Although it is the only curative therapy for patients 

with CLL, relapse after allo‐SCT remains a major cause 

of treatment failure. Three‐year risk of relapse has 

been estimated to be 10–20% and even up to 50% 

[32,34–38], or more in a subset of patients [39,40]. 

Thus, optimization of post‐transplant outcomes must 
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take into account this relapse risk, and effective 

management strategies are needed.

As previously discussed, the efficacy of allo‐SCT in the 

treatment of CLL is based on the GVL effect, which has 

been demonstrated in studies showing a median survival 

of 5 years after nonmyeloablative transplant [35,39]. 

Additionally, rapid complete donor chimerism conversion 

is indicative of a GVL effect and is suggested to be impor­

tant in early control of CLL [41]. Patients who have 

longer duration of mixed chimerisms have been shown 

to have reduced PFS [36,37] as have patients who have 

undergone T‐cell‐depleted grafts [39,42].

Currently, there are no established predictors of 

relapse, although one study has shown that MRD quan­

tification using primers and high‐throughput immu­

noglobulin heavy chain sequencing was predictive of 

post allo‐SCT relapse in CLL [43].

Early versus late relapses
Treatment of relapsed disease after allo‐SCT for CLL 

remains difficult but durable responses have been 

reported with a variety of approaches. Often very early 

relapses are indicative of inadequate tumor control after 

pretransplant chemotherapy and/or the conditioning 

regimen. In other words, a mature and robust GVL 

effect has not yet been established to control disease 

sufficiently. For patients who achieve a remission but 

relapse shortly after, an inadequate sustained GVL may 

be responsible [44]. Evidence of GVL deficiency has 

been demonstrated in cases of T‐cell‐depleted trans­

plants [39] in which decreased PFS is seen as well as in 

patients who have prolonged duration of mixed donor 

chimerism [42]. In these cases, immune modulation via 

withdrawal of immune suppression (WIS) and DLI are 

potentially efficacious in augmenting the GVL effect [44].

Late relapses, on the other hand, can be seen many 

months or years after transplant in CLL, and they can 

occur for several reasons. First, there may be loss of 

the GVL effect, either through clonal evolution of the 

previous CLL clone or “immune escape,” in which the 

immune system no longer detects the CLL cells as malig­

nant, thus leading to proliferation of disease. Another 

consideration is development of de novo CLL that origi­

nates from the stem cell donor. This should be a 

consideration in patients who may have been recipients 

of stem cells from older matched siblings or unrelated 

donors [44]. Donor‐derived CLL presenting as late 

relapse has been described in patients who received 

transplants from donors with the precursor‐state 

monoclonal B‐cell lymphocytosis (MBCL) [45,46]. This 

condition has been detected in up to 18% of unaffected 

members of CLL families and more than 5% of the 

general population [47–51]. Thus, it is important to 

keep these possibilities in mind in patients who may 

have received a matched sibling transplant from a donor 

with a lineage of CLL or an unrelated donor who was 

noted to have the MBCL precursor state. Identification 

of MBCL among prospective sibling transplant donors 

will become an ever more common occurrence in trans­

plant practice as transplantation is increasingly offered 

to older individuals with CLL.

Recommended treatment approaches for 
relapsed CLL after allogeneic stem cell 
transplant
There are no large randomized controlled studies which 

help guide in the optimal management of relapsed CLL 

after allo‐SCT. In 2010, the National Cancer Institute 

convened its first international workshop to focus on 

the biology, prevention, and treatment of relapse after 

allo‐SCT. Its committee published treatment guidelines 

for  management of relapses for hematologic diseases 

including CLL. As with most approaches to post‐

transplant relapse, considerations of the degree of donor 

engraftment, level of current immune suppression, 

and  status of GVHD must be taken into account for 

each individual patient. In CLL, it is also important to 

consider the timing of the relapse for management of 

disease [44].

For patients with early relapses, an inadequate GVL 

effect is likely contributing to relapse, particularly in 

cases of mixed chimerisms. On suspicion of relapsed dis­

ease, complete disease restaging including assessment of 

the bone marrow as well as peripheral blood chime­

risms are necessary. Once relapse had been confirmed, 

treatment approaches should target tumor control and 

boosting the GVL effect. In the absence of ongoing acute 

GVHD, immune manipulation to accomplish the afore­

mentioned may include WIS with or without DLI. The 

results of DLI in management of post‐transplant relapse 

vary widely with disparate results that reflect the het­

erogeneity of factors such as disease status, donor chi­

merisms, treatment indications, and the actual DLI 

products themselves [36,52,53]. Thus it is difficult to 

draw firm conclusions based on the available data but 

some patients have been able to achieve a durable CR 
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after DLI. For patients who have achieved full donor 

chimerism without overt progression of disease, watch­

ful waiting, WIS, and/or DLI are all felt to be reasonable 

considerations. The altered immune system in CLL 

patients may contribute to the GVL failure of the trans­

planted immune system, including imbalances in T‐cell 

subsets, suppressed T‐cell signaling response, and natural 

killer (NK) cell function.

For patients with active GVHD, consideration of non‐

immunomodulatory treatment strategies are required. 

Patients with indolent progression may be considered 

for monoclonal antibody therapy with agents such as 

rituximab. In early relapses, a novel chemotherapy reg­

imen or targeted agent is likely required given the 

expected short interval between last treatment and post‐

transplant relapse [44]. For patients who have disease 

progression after treatment of GVHD, a reduced GVL 

effect should be suspected. Unfortunately, management 

of these patients is very difficult given the tenuous 

balance of GVHD and disease control. Reasonable con­

siderations included local radiation, rituximab, and/or 

single‐agent chemotherapy. The safety and efficacy of 

intensive chemotherapy regimens in this setting is 

unclear.

Similarly to early relapses, evaluation of possible late 

transplant relapse should include complete disease 

restaging including bone marrow evaluation and 

peripheral blood chimerism studies. In addition, due to 

the possibility of transformation, post‐transplant lym­

phoproliferative disease, or donor‐derived CLL, biopsy 

of active nodal disease should be considered. Late 

relapses often are related to waning GVL potency with 

immune escape or development of new post‐transplant 

clones. Treatments should look to establish disease 

sensitivity and restoring GVL potency. For indolent late 

relapses, strategies such as WIS followed by DLI and/or 

rituximab are reasonable treatment strategies. For 

patients who have more aggressive late relapses, sal­

vage chemotherapy with or without DLI may be 

required to control disease and also subsequently may 

lead to restoration of the GVL effect through the lym­

phoid depletion from cytotoxic therapy. If there has 

been a significant amount of time between the last che­

motherapy treatment regimen and post‐transplant 

relapse, it would be reasonable to consider the last 

effective chemotherapeutic regimen. It is likely that late 

relapses are less responsive to immune manipulations 

such as WIS and DLI. Interestingly, a patient with late 

relapsed disease may be more sensitive to cytotoxic or 

new targeted therapies if a new clone or transformed 

clone is present [44].

Very late recurrences, particularly in the bone 

marrow, should lead to consideration of possible donor‐

derived CLL, particularly in patients who receive grafts 

from sibling donors with family history of lymphoid 

malignancies. Additionally, consideration of donor‐

derived CLL should be considered in patients with older 

donors, particularly those over 50 years old where the 

prevalence of MBCL is higher. If donor‐derived CLL is 

felt to be contributing to post‐transplant CLL, then 

management should be according to CLL guidelines 

for  de novo CLL. There would be no role for immune 

manipulation such as WIS or DLI [44].

In summary, there is no standard of care on optimal 

management of disease relapse for transplant for CLL. 

Because of the heterogeneity of patients and their 

individual post‐transplant disease and GVHD status, 

treatments should be individualized to each patient 

to  account for these factors. The possible therapeutic 

options range from watchful waiting to intensive che­

motherapy, and thus each patient’s clinical status must 

be weighed carefully. Clinical trials are needed to ascer­

tain safety and efficacy of standard treatment options as 

well as the multiple new agents that have recently been 

approved for management of CLL.

Standard chemotherapy post transplant
The data regarding the use of standard chemotherapy 

post transplant are limited. Often patients who have 

CLL that meet the indication for transplant are refractory 

to fludarabine‐based chemotherapy regimens, and this 

likely predicts a poor response to post‐transplant cyto­

toxic chemotherapy. However, there are some case 

series that report varying responses to cytotoxic chemo­

therapy with or without monoclonal antibodies, and 

these may be reasonable to consider in some patients 

[24,34,35]. It is important to consider the possible 

effects of cytotoxic agents on engraftment, GVL effect, 

and GVHD when considering various therapeutic regi­

mens. For example, fludarabine and cyclophosphamide 

are active drugs in refractory disease but may be rather 

myelosuppressive, particularly with regard to lympho­

cyte depletion and, if used, may ultimately require 

donor stem cell support. Bendamustine and pentostatin 

are other drugs that may be considered in the post‐

transplant relapse setting [44].
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With regard to monoclonal antibodies, several options 

are available for consideration. Alemtuzumab, while 

effective in relapsed disease, has not been shown to lead 

to durable responses post transplant [34]. Data regarding 

the use of rituximab are also limited but in theory it may 

have synergistic effects in treating both relapsed CLL 

and potentially reducing the risk of GVHD, thereby 

allowing reduction of immune suppression therapy 

[54]. Another anti‐CD20 monoclonal antibody, ofatu­

mumab, which targets a different CD20 epitope than 

rituximab, has been shown to have good single‐agent 

activity for relapsed CLL [55], but similarly to its mono­

clonal antibody counterparts lacks data in the post‐

transplant setting.

Novel therapies and their integration 
in transplantation for CLL/SLL

Recently, several new drugs have been developed and 

this has ushered in a new era of targeted therapy for 

treatment of CLL. This has resulted in the approval by 

the Food and Drug Administration (FDA) of several 

new drugs that are now available in the CLL therapeutic 

arsenal. This has been due in large part to the elucida­

tion of the critical importance of the B‐cell receptor 

(BCR) and its signal transduction pathway in controlling 

the survival and proliferation of B cells in CLL, This has 

led to the development of several small‐molecule inhib­

itors that have demonstrated both improved disease 

control with PFS and OS benefit along with preserva­

tion of quality of life without the major toxic effects of 

traditional chemotherapy.

While the new drug developments have spurred 

excitement in the treatment of patients with CLL, it is 

not known what their utility and role is in the realm of 

allo‐SCT at this time, either in the pretransplant condi­

tioning regimen or in the post‐transplant maintenance 

setting. One consideration is that as these new drugs 

becoming increasingly used in the upfront or relapsed 

setting, it is likely that many patients who have under­

gone an allo‐SCT will have been exposed to them at 

some point in their treatment. Thus, these drugs may 

not be useful in the post‐transplant relapsed setting. As 

in many hematologic diseases in the post‐transplant 

setting, maintenance therapy is an attractive option that 

may prolong PFS and OS. In CLL, there are no data to 

support post‐transplant maintenance therapy at this 

time. These novel agents are discussed briefly in the 

following sections but their role in the peritransplant 

period remains unclear.

Ibrutinib
Ibrutinib is a new oral Bruton’s tyrosine kinase inhibitor 

that has recently been approved by the FDA for treat­

ment of relapsed CLL. It has previously shown impres­

sive preclinical activity in targeting the Bruton’s tyrosine 

kinase [56–58], which plays an essential role in BCR 

signaling, mediation of interactions with the tumor 

microenvironment, and promotion of survival and 

proliferation of CLL cells. In relapsed disease, ibrutinib 

has been shown in a Phase Ib‐2 multicenter trial to 

have an overall response rate (ORR) of 71% that was 

independent of disease stage, number of prior therapies, 

and the 17p deletion, with PFS and OS of 75% and 

83%  at 26 months. It is overall well tolerated and 

conveniently administered as a pill once daily [59]. In 

treatment‐naive older patients, it has been shown to 

have a projected 24‐month PFS in 95% of patients [60]. 

It has been noted to cause a prolonged lymphocytosis 

lasting from several months to greater than 1 year in 

some patients that is not reflective of disease progres­

sion [61], but which may make progression of disease 

assessment post transplant more difficult. There are 

several ongoing clinical trials investigating the role of 

ibrutinib in combination with other drugs in treatment 

of CLL as well as other B‐cell non‐Hodgkin lymphomas 

(clinicaltrials.gov).

Idelalisib
Idelalisib is a new first‐in‐class small‐molecule oral 

inhibitor of the delta isoform of phosphatidylinositol 

3‐kinase (PI3K), which mediates the BCR signaling 

pathway, a key pathway in the pathogenesis of CLL. The 

PI3Kδ is highly expressed in lymphoid cells and is the 

most critical isoform in the malignant phenotype of CLL 

[62]. Moreover, it has been shown to be effective in 

patients with relapsed CLL with significant medical 

comorbidities when used in combination with ritux­

imab compared with rituximab alone [63]. These 

authors conducted a Phase III, randomized, double‐

blind, placebo‐controlled trial of combination therapy 

with idelalisib and rituximab in older patients (78% 

were older than 65 years) with significant medical 

comorbidities (renal dysfunction, poor marrow function, 

and cumulative illness rating scale, CIRS, of >6) and 
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showed an ORR of 81% and OS at 12 months of 92% 

with a PFS not yet reached. Improvement in PFS was 

observed not only in the overall study population but 

also in all subgroups examined, including patients with 

poor prognostic features, such as 17p deletion or TP53 

mutations and unmutated IGHV. Overall the drug was 

well tolerated. There are several ongoing studies of this 

novel agent in combination with other drugs for 

treatment of patients with CLL and other non‐Hodgkin 

lymphomas.

Obinutuzumab
CD20 is an effective target in CLL therapy, as demon­

strated by efficacy with drugs such as rituximab and ofa­

tumumab. Recently, obinutuzumab, a new anti‐CD20 

monoclonal antibody, has been demonstrated to be 

effective in older patients with significant coexisting 

medical conditions, which is the largest population of 

patients afflicted by CLL. Obinutuzumab differs from 

prior anti‐CD20 monoclonal antibodies in that it har­

bors a glycoengineered Fc region and type 2 CD20 

binding. The increased binding affinity of the Fc portion 

of obinutuzumab to the Fcγ receptor III on innate 

immune effector cells leads to antibody‐dependent cell‐

mediated cytotoxicity and antibody‐dependent cellular 

phagocytosis [64,65]. Goede et al. [66] reported data 

from a three‐arm Phase II study that showed obinutu­

zumab (formerly Ga101) plus chlorambucil was superior 

to rituximab plus chlorambucil and chlorambucil alone 

in previously untreated patients. This study is important 

for the primary reason that it addresses the unmet need 

of a viable treatment option for elderly patients with 

multiple coexisting medical conditions that may make 

them ineligible for treatment with chemotherapy. 

The median age in this study was 73 years, with a CIRS 

score of 8 at baseline. The authors demonstrated that 

the combination of obinutuzumab and chlorambucil 

prolonged OS [hazard ratio (HR) for death 0.41, 95% 

CI 0.23–0.74; P = 0.002] compared to chlorambucil alone. 

A PFS prolongation was also seen in the obinuzutumab/

chlorambucil treatment group compared to the ritux­

imab/chlorambucil group (HR 0.39, 95% CI 0.31–0.49; 

P < 0.001) along with higher rates of CR (20.7% vs. 

7.0%) and molecular response. Overall treatment was 

well tolerated. As a result of this trial, obinutuzumab 

has already been approved for first‐line therapy in the 

United States for CLL. There are several ongoing 

studies  evaluating the impact of obinutuzumab with 

other drugs in CLL and other non‐Hodgkin lymphomas 

(clinicaltrials.gov).

Chimeric antigen receptors
Chimeric antigen receptor‐modified T cells has also 

received a large amount of attention and interest as 

it  relates to treatment for CLL. Porter et al. [67] first 

described this treatment modality in a case report of a 

patient with advanced p53‐deficient (17p deletion) CLL 

who had been refractory to previous treatments, in 

which the use of autologous T cells expressing an anti‐

CD19 chimeric antigen receptor (CAR19) in combination 

with chemotherapy achieved a complete remission. 

Autologous T cells were collected by leukapheresis and 

subsequently transduced with a lentivirus to express a 

CD19‐specific chimeric antigen receptor. The investiga­

tors additionally incorporated a CD137 (4‐1BB) signaling 

domain as preclinical models had demonstrated that 

there was increased antitumor activity and increased 

persistence of the chimeric antigen receptor with the 

addition of this domain [68]. Their protocol included 

pre‐infusion chemotherapy in the form of pentostatin 

40 mg/m2 plus cyclophosphamide 600 mg/m2. Four 

days after chemotherapy the patient received a dose of 

1.42 × 107 transduced cells (1.4 × 105 cells/kg) split into 

three consecutive daily intravenous doses. No infusion 

reaction was observed but approximately 22 days after 

the infusion tumor lysis syndrome was diagnosed. 

Repeat disease assessment at day 28 showed no further 

palpable lymphadenopathy, no morphologic evidence 

of CLL in the bone marrow, with cytogenetics showing 

normal karyotype and fluorescence in situ hybridization 

negative for 17p deletion consistent with complete 

remission. At the time of publication, the authors 

reported that the patient had sustained remission of 

approximately 10 months. A Phase I study has also 

been  published looking at the role of donor‐derived 

CD19‐redirected virus‐specific T cells for relapsed B‐cell 

malignancies after allogeneic stem cell transplant which 

showed objective antitumor activity in a small number 

of patients [9]. This area of study for B‐cell malignancies 

will continue to grow and it is likely that more data will 

emerge regarding the role of this novel treatment 

modality for patients in CLL.
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Flavopiridol
Flavopiridol is a cyclin‐dependent kinase inhibitor that 

had previously shown promising preclinical activity 

in  the treatment of CLL and other diseases. However, 

clinical trials have been disappointing. Byrd et al. [70] 

have shown significant clinical activity in patients 

with refractory, bulky, and high‐risk disease, with some 

patients achieving durable responses in a Phase I clinical 

trial. It has also been shown to have activity in combi­

nation with cyclophosphamide and rituximab with 

durable responses in a small number of patients [71]. 

Its role in the transplant setting is not known.

Summary

Patients with high‐risk CLL should be referred for 

consideration of allo‐SCT. Data have shown that 

patients can have long‐term disease‐free survival and 

acceptable transplantation‐related risk. Allo‐SCT is not 

only curative but has the potential to overcome the 

poor prognosis associated with high‐risk disease. 

Young fit patients with high‐risk or refractory disease 

should be referred to transplant centers early for 

consideration of this potentially curative treatment 

modality.

Case study

A 50‐year‐old female with a past medical history significant for hypertension and hyperlipidemia presented to her primary care 
physician with new symptoms of night sweats and unintentional weight loss in the preceding 2 months. She denied any palpable 
lymphadenopathy. Her primary care physician performed further work‐up, and her complete blood count (CBC) was notable for 
leukocytosis of 63,000/μL with a lymphocyte predominance of 80%, hemoglobin of 10.5 g/dL, and platelet count of 50,000/μL. 
Her family history was negative for hematologic malignancies, and she has four fully related otherwise healthy siblings. She went 
on to have peripheral blood flow cytometry performed which was consistent with the diagnosis of chronic lymphocytic leukemia 
(CLL). Because of her cytopenias, a bone marrow biopsy was ordered and again confirmed the diagnosis of CLL, with 60–70% 
marrow involvement. Cytogenetics and fluorescence in situ hybridization (FISH) were notable for 17p deletion. Because of her 
symptoms, she was started on chemotherapy with fludarabine, cyclophosphamide, and rituximab (FCR). What is the next 
appropriate step in management of this patient?
A	 Continue treatment with four cycles of FCR and proceed with maintenance therapy after she achieves a complete 

remission (CR).
B	 Begin with HLA typing of the patient and referral for consideration of a myeloablative allogeneic stem cell transplant from an 

unrelated donor.
C	 Refer to a transplant center for consideration of autologous stem cell transplant for consolidation.
D	 Begin HLA typing of the patient and her siblings and, if match identified, proceed with reduced‐intensity allogeneic transplant 

from a sibling donor
E	 Continue with FCR treatment until progression of disease.

Correct answer: D

The patient is young and otherwise healthy but has a diagnosis of high‐risk CLL as defined by the 17p deletion in her 
cytogenetic and FISH analyses. This genetic aberration is associated with very high risk disease and poor outcomes. The 
standard recommendation for these patients is early referral for reduced‐intensity allogeneic stem cell transplant either from 
a sibling or a matched unrelated donor (if a sibling donor is not available). Answer A is incorrect as there is no defined role 
for maintenance therapy for CLL. Answer B is incorrect because myeloablation is generally not recommended for patients 
undergoing allogeneic transplants as previous studies have shown excessive TRM without improvement in transplant 
outcome. Answer C is incorrect as there is evidence that there is no survival benefit in patients undergoing autologous stem 
cell transplant, and there is no role for it in the standard treatment of CLL outside of a clinical trial. Answer E is incorrect as 
early transplant referral, not continued chemotherapy, would be the standard recommendation for young fit patients with 
high‐risk CLL.
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Introduction

Diffuse large B‐cell lymphoma (DLBCL) is the most 

common subtype of non‐Hodgkin lymphoma (NHL), 

comprising approximately 30% of all cases [1]. While 

conventional cytotoxic chemotherapy provides around 

50% complete remission (CR) rates [2], the addition of 

rituximab to chemotherapy (chemoimmunotherapy) has 

dramatically improved response rates, progression‐free 

survival (PFS), and overall survival (OS) and is consid­

ered the standard of care in the initial treatment of DLBCL 

[3,4]. Risk stratification based on the original International 

Prognostic Index (IPI), the new National Comprehensive 

Cancer Network (NCCN)‐IPI, gene expression profiling, 

chromosomal aberrations (e.g., myc rearrangement), and 

interim functional imaging with positron emission 

tomography (PET) has prognostic value but is not 

currently utilized to tailor therapy in individual patients 

[5–10]. Even with optimal upfront therapy, disease 

progression/relapse remains a significant concern [11], 

warranting additional therapy including hematopoietic 

cell transplantation (HCT) in a subset of patients.

Indications for transplantation in 
DLBCL

The successful use of HCT in the management of 

hematologic malignancies was one of the great scientific 

achievements of the twentieth century. In‐depth details 

pertaining to the historical perspectives and therapeutic 

rationale of HCT is discussed elsewhere in this book. The 

premise of autologous (auto)‐HCT is the use of high‐

dose therapy (HDT) with cytotoxic agents with 

nonoverlapping toxicities, in order to maximize the 

steep dose–response curve followed by rescue of the 

patient’s hematopoietic system with autologous progen­

itor cells. Chemosensitive/radiosensitive diseases such 

DLBCL are especially amenable to this therapeutic 

strategy [12]. Auto‐HCT is well tolerated, with non­

relapse mortality (NRM) rates below 5% in most 

centers, but continued risk of disease relapse after auto‐

HCT remains a significant problem and usually portends 

poor outcomes. In contrast, allogeneic (allo)‐HCT not 

only relies on cytoreductive effects of the conditioning 

regimen, but also provides therapeutic benefit via potent 

graft‐versus‐lymphoma (GVL) reactions; however, it is 

associated with higher NRM. In the context of DLBCL, 

HDT and auto‐HCT is considered the standard second‐

line approach for patients with relapsed disease that is 

sensitive to salvage therapy. Upfront utilization of auto­

grafting as a consolidative strategy in first CR (especially 

for high‐risk disease) is more controversial. For chemo­

refractory DLBCL and for progressive disease after auto­

graft, alternative therapy including allo‐HCT is warranted 

and can provide long‐term disease‐free survival (DFS).

Timing and preparation of patients 
for transplantation in DLBCL

Selecting the appropriate patient and timing for HCT is 

of paramount importance in balancing the toxicity and 

benefit of the proposed treatment approach and is 
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contingent on patient‐ and disease‐specific factors [13]. 

Previously, older patients were excluded from transplan­

tation owing to higher toxicity and NRM. The European 

Group for Blood and Marrow Transplantation (EMBT) 

registry reviewed the impact of age on outcomes with 

HDT and auto‐HCT in DLBCL in older (≥60, N = 2612) 

versus younger (<60, N = 2149) patients. While older 

age was associated with higher 1‐year NRM (8.7% vs. 

4.7%, P = 0.002) as well as inferior 3‐year PFS (51% vs. 

62%, P < 0.001) and OS (60% vs. 70%, P < 0.001), more 

than 50% of older individuals were disease‐free and 

alive 3 years post HCT [14]. Several other studies have 

demonstrated that comorbidities and performance status 

(PS) play a more important role in determining HCT 

outcomes than simply patient’s chronological age. A ret­

rospective study specific to DLBCL reviewed 152 patients 

who received BEAM (carmustine, etoposide, cytarabine, 

melphalan) conditioning, with 59 patients being over 60 

years of age. Charlson Comorbidity Index Score, but not 

chronological patient age, predicted NRM (P = 0.03) 

[15]. While older patients are more likely to have more 

comorbidities and poorer PS, chronological age alone 

can no longer be considered an exclusion criterion for 

auto‐HCT and reduced‐intensity conditioning (RIC) 

allo‐HCT. The decision to proceed with transplantation 

should be an individualized decision.

With the excellent responses and long‐term disease 

control noted in most patients with modern chemoim­

munotherapies, HCT is routinely not considered in first 

remission. If relapse/progression or refractory disease is 

suspected, repeat tissue biopsy and re‐imaging studies 

are essential to confirm active lymphoma and extent of 

involvement. In DLBCL, transplantation is considered 

an integral part of patient management in relapsed 

disease and transplant eligibility of the patient must be 

factored at the outset. Salvage therapy with chemoim­

munotherapy with or without radiotherapy is essential 

to demonstrate chemoresponsiveness of DLBCL prior 

to proceeding to HCT. The secondary age‐adjusted IPI  

(aa‐IPI) [comprising three factors: PS, lactate dehydro­

genase (LDH) and stage] calculated at disease relapse is 

predictive of OS and PFS following second‐line therapy, 

and can also predict auto‐HCT outcomes in chemosensi­

tive disease [16]. Response to salvage therapy is prob­

ably the most important disease‐specific parameter in 

predicting the utility and response to autografting. 

Pretransplant negative PET (i.e., chemosensitive disease) 

is highly predictive of post‐autograft PFS and OS [17,18]. 

Autograft should be considered for relapsed/refractory 

DLBCL patients achieving only a partial remission 

(without attaining a CR) as shown in studies by the 

Grupo Español de Linfomas/Trasplante Autólogo de 

Médula Ósea (GELTAMO) [19,20]. Pretransplant 

positive PET and, more importantly, chemoresistant dis­

ease portend poor outcomes with HDT and auto‐HCT 

[21] and alternative therapeutic strategies including 

allo‐HCT, novel therapies, and clinical trials should be 

considered.

The optimal salvage chemotherapy has not been 

established but is usually center‐specific. The two most 

commonly used regimens include DHAP (dexametha­

sone, cytarabine, cisplatin) and ICE (ifosfamide, carbopla­

tin, etoposide) with rituximab (R). The international 

randomized Collaborative Trial in Relapsed Aggressive 

Lymphoma (CORAL) study compared salvage regimens 

R‐DHAP and R‐ICE (N = 477) in relapsed/refractory 

DLBCL and demonstrated similar response rates (63%). 

All chemosensitive patients underwent HDT and auto‐

HCT and the choice of salvage regimen had no impact on 

3‐year event‐free survival (EFS) and OS [22]. Similarly, 

the choice of HDT (conditioning regimen) aimed at eradi­

cating the lymphoma clone is arbitrary and center‐specific. 

Commonly used regimens include BEAM, CBV (cyclo­

phosphamide, etoposide, cytarabine), BEAC (carmustine, 

etoposide, cytarabine, cyclophosphamide), and total body 

irradiation (TBI)‐containing regimens. Acknowledging 

the lack of randomized studies in this field, the use of TBI‐

based regimens may be associated with higher NRM, risk 

of secondary malignancies, and inferior PFS and OS [23]. 

Several investigators have attempted to augment HDT 

with radioimmunotherapeutic agents. However, a Phase 

III trial (N = 224) which randomized patients to receive 

BEAM conditioning with either rituximab or 131I‐labeled 

tositumomab followed by auto‐HCT reported similar  

2‐year PFS and OS with either approach [24]. While 

the  incorporation of monoclonal antibodies and radio­

immunotherapy to conditioning regimens is feasible, it 

is  mostly limited to institutional preference and not 

widely practiced.

There is a continued risk of relapse after auto‐HCT 

owing possibly to either tumor contamination of the 

graft or persistence of lymphoma clone in the patient 

following HDT. For relapsing patients and those with 

chemoresistant DLBCL (thus not eligible for HDT and 

auto‐HCT), adoptive immunotherapy by allo‐HCT is 

potentially a curative option [25]. However, allo‐HCT is 
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complicated by significant and sometimes prohibitive 

therapy‐related morbidity and mortality and selection 

of the appropriate patient, donor, and conditioning 

regimen is extremely important. Figure 16.1 represents 

a suggested algorithm incorporating transplantation 

in DLBCL.

Autologous hematopoietic cell 
transplantation for DLBCL

In the previous sections we broadly discussed the role, 

timing, salvage, and conditioning regimens of auto‐

HCT. Here we will explore the pertinent data of HDT 

and auto‐HCT in DLBCL.

Autologous hematopoietic cell 
transplantation consolidation in first 
remission
Pre‐rituximab era
The use of auto‐HCT earlier in the disease course as a 

consolidative strategy following first‐line therapies 

for  aggressive lymphomas has been evaluated. Based 

on  promising results of small pilot studies, many 

randomized controlled trials in the pre‐rituximab era 

explored the role of HDT and auto‐HCT consolidation 

following front‐line chemotherapies in patients with 

aggressive NHL (predominantly DLBCL). Although 

inconsistent, a majority of the trials did not show a PFS 

and/or OS benefit with upfront auto‐HCT consolida­

tion [26–30]. A few trials, including the subset analysis 

DLBCL diagnosis

Combination chemoimmunotherapy

Complete remission Refractory diseasePartial remission

Monitor

Relapsed disease
Candidate for salvage chemotherapy and 

transplantation? 

Yes No

Salvage chemotherapy*

Chemotherapy sensitive Chemotherapy refractory

HDT/auto-HCT

Candidate for allo-HCT?
(Donor available, good PS and low comorbidity 

score)

No Yes

Allo-HCTClinical trial 
versus palliative 

care

Clinical trial or
palliative care

Figure 16.1  Suggested treatment algorithm for diffuse large B‐cell lymphoma (DLBCL). Auto‐HCT, autologous hematopoietic cell 

transplantation; aaIPI, age‐adjusted International Prognostic Index; allo‐HCT, allogeneic hematopoietic cell transplantation; HDT, 

high‐dose therapy; PS, performance status. Asterisk indicates that autograft may be considered if chemotherapy sensitivity is 

demonstrable with salvage therapy. Adapted from Klyuchnikov et al. [54].
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of a large prospective study, did show improvement in 

PFS and OS, especially for patients with intermediate–

high and high‐risk IPI [31–33]. Interestingly, one study 

evaluating ACVBP (doxorubicin, cyclophosphamide, 

vincristine, bleomycin, prednisone) versus early HDT 

and auto‐HCT found inferior OS and EFS with auto­

grafting [34]. A systematic review and meta‐analysis of 

15 prospective studies with 2728 patients found no 

evidence of improved OS or EFS with early HDT and 

auto‐HCT. In those with good risk aa‐IPI, worse OS 

[hazard ratio (HR) 1.46, CI 1.02–2.09] was noted with 

autografting [35].

Rituximab era
Studies evaluating the role of upfront consolidation 

with HDT and auto‐HCT in patients with high‐risk 

DLBCL treated with rituximab‐based chemoimmuno­

therapy have also produced conflicting results. Two 

randomized studies showed no PFS or OS benefit with 

auto‐HCT consolidation, with one of them (N = 262) 

showing inferior OS in intermediate/high‐risk aa‐IPI 

patients receiving HDT [36,37]. Contrastingly, two 

studies have demonstrated superior PFS with upfront 

auto‐HCT [38,39]. In the SWOG (South‐West Oncology 

Group) study (N = 253), exploratory analysis showed an 

OS benefit in the high‐risk aa‐IPI group with early auto­

grafting; however, this study included a large number of 

patients who did not receive rituximab‐based front‐line 

therapy that questions the relevance of these data in 

the rituximab era [39].

Considering the cumulative data from the pre‐ritux­

imab and rituximab eras and the excellent survival with 

current chemoimmunotherapy regimens (50–90% 

based on IPI), there does not appear to be a clear role for 

upfront auto‐HCT and this modality cannot be recom­

mended for routine practice.

Autologous hematopoietic cell 
transplantation in relapsed/refractory 
DLBCL
Relapsed (chemosensitive) DLBCL
Unlike in the upfront setting, HDT and auto‐HCT is 

considered the standard of care in chemosensitive 

relapsed DLBCL. The PARMA trial conducted in the pre‐

rituximab era (N = 215) established the role of auto‐

HCT in relapsed DLBCL. Patients who demonstrated 

response to salvage chemotherapy with DHAP were 

randomized to receive additional DHAP plus radiation 

therapy versus BEAC/TBI conditioning followed by 

auto‐HCT. The respective 5‐year EFS and OS were 46% 

and 12% (P = 0.0001) and 53% and 32% (P = 0.038), in 

the transplant and nontransplant cohorts, respectively 

[40]. Several retrospective registry studies have evalu­

ated the role of HDT and auto‐HCT in relapsed chemo­

sensitive DLBCL with or without prior rituximab 

exposure [41–43]. The European Society for Blood and 

Marrow Transplantation (EBMT) study (N = 470), in 

which 25% of patients had prior rituximab use, showed 

5‐year OS and PFS of 63% and 48%, respectively [41]. 

Similarly, a Center for International Blood and Marrow 

Transplant Research (CIBMTR) study (N = 994) also 

found excellent outcomes with auto‐HCT in DLBCL 

patients, who received rituximab‐based therapies prior 

to auto‐HCT [43].

Although auto‐HCT is beneficial in relapsed chemo­

sensitive DLBCL in the rituximab era, it may be noted 

that the relapse after initial therapy with rituximab‐

based therapy may be associated with less favorable 

outcomes [44,45]. An exploratory analysis of the 

CORAL study found DLBCL relapse within 12 months 

of initial diagnosis, prior rituximab use, and high sec­

ond‐line aa‐IPI score to be associated with inferior EFS 

[22]. While the CORAL study does not dispute the 

utility of HDT and auto‐HCT (3‐year PFS, 51%), it iden­

tified a cohort with early relapse and prior rituximab 

exposure in whom the 3‐year PFS was only 23% [22]. 

Unlike the CORAL results, a recent CIBMTR analysis 

reported 3‐year OS and PFS of about 45% in DLBCL 

patients who experience early rituximab failure, but 

were subsequently able to undergo auto‐HCT, after 

demonstrating evidence of chemosensitive disease with 

salvage therapies [46].

Refractory disease
Disease refractoriness in lymphoma, defined as less than 

50% reduction in tumor size with therapy or disease 

progression while on therapy, is associated with poor 

prognosis. Even with optimal front‐line chemoimmuno­

therapies, approximately 10–20% of patients have sub­

optimal responses [3]. In the relapsed setting, about 30% 

of patients do not respond to salvage therapy [22]. In 

relapsed DLBCL several studies have confirmed chemo­

resistance to salvage therapy as a predictor of poor out­

come with subsequent HDT and auto‐HCT [12,47–49].

An interesting retrospective study of 100 patients 

with relapsed/refractory intermediate‐ or high‐grade 
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NHL who underwent auto‐HCT divided the patient 

cohort into primary refractory, resistant relapse, and 

sensitive relapse based on responses to chemotherapy 

and noted 3‐year post‐autograft DFS of 0%, 14%, and 

36%, respectively [50]. The Autologous Blood and 

Marrow Transplant Registry (ABMTR) reviewed 184 

patients with aggressive NHL (mostly DLBCL) who 

underwent HDT and auto‐HCT without ever achieving 

CR. Post‐transplantation CR/CRu was 44%, with a 3‐

year OS of 37%. In multivariate analysis chemotherapy 

resistance, poor PS, age over 55, more than three lines 

of prior chemotherapy, and not receiving pre‐ or post‐

transplant involved‐field radiation therapy predicted 

inferior survival [51]. Similarly, the GELTAMO reported 

114 patients with DLBCL not in CR with induction 

treatment and found that one‐third of these attained a 

CR with autograft, but confirmed the futility of HDT in 

chemoresistant disease [19,20]. The role of auto‐HCT in 

DLBCL not attaining CR has been noted in other studies 

as well [52,53].

To summarize, HDT and auto‐HCT has a clear role in 

relapsed chemosensitive DLBCL and should be consid­

ered the standard of care. Patients with chemoresistant 

disease following salvage attempts are best managed 

on  clinical trials. Failure to attain a CR with primary 

therapy should not be considered a contraindication 

for HDT if chemosensitivity is demonstrable with 

subsequent therapies.

Allogeneic hematopoietic cell 
transplantation for DLBCL

The addition of chemoimmunotherapy and autologous 

transplantation to the therapeutic arsenal has improved 

the overall outcomes in relapsed DLBCL, but about 

30–40% of patients will experience therapy failure [54]. 

The two subsets of DLBCL patients with particularly 

inferior outcomes include those relapsing after an auto­

graft and those with chemoresistant disease. GVL effects 

are well recognized in several lymphoid malignancies 

but are potentially less robust in DLBCL owing to its 

inferior antigen‐presenting ability [55,56]. However, 

clinically relevant GVL has been demonstrated in 

DLBCL [57,58]. In one report, 15 patients not in remis­

sion at day +100 were managed with withdrawal of 

immunosuppression or donor lymphocyte infusion 

(DLI) with or without chemotherapy, resulting in nine 

responses including eight CRs [57]. Despite the pre­

sumed benefits, the use of allo‐HCT in DLBCL has been 

limited secondary to higher rate of NRM, as well as the 

lack of randomized trials.

Allogeneic transplantation after 
autograft failure
Disease progression after auto‐HCT portends poor prog­

nosis, with a median survival of 3 months and 1‐year 

OS of 10% or less [59]. Registry data have suggested 

feasibility and possible benefit with second auto‐HCT in 

lymphoma patients (not specific to DLBCL), but may 

be  limited to those with longer time to relapse from 

the  first auto‐HCT [60,61]. It may be noted that in 

the  CIBMTR report, 62% of patients after a second 

auto‐HCT had disease progression and relapse was the 

major cause of death [60]. While a second auto‐HCT 

is  a consideration for patients with no other options 

including allo‐HCT, the data are limited and thus specific 

recommendations cannot be made.

The lack of tumor contamination of graft, potential 

GVL effects, and the possibility of cure makes allo‐HCT 

a reasonable consideration. Several recent reports eval­

uating the role of allo‐HCT in DLBCL have included 

those with prior autograft failure [58,62–64]. An EBMT 

study limited to allo‐HCT in disease relapse after auto‐

HCT (N = 101) included both myeloablative condi­

tioning (MAC) and RIC regimens and showed a 3‐year 

PFS of 42% and OS of 54% [63]. Longer remission 

status after auto‐HCT predicted better outcomes with 

allo‐HCT. Similarly, retrospective data reviewing 165 

DLBCL patients (all had prior auto‐HCT) showed 

median PFS and OS of 32% and 39%, respectively [64]. 

These studies report NRM rates of 25–45% and relapse 

rates of 25–40% [58,62–64]. Careful patient selection 

and conditioning regimen is extremely important to 

balance the risk of toxicity and relapse (as discussed in 

subsequent sections). In eligible patients with available 

donors and chemosensitive disease, consideration for 

allo‐HCT after failure of a prior auto‐HCT is reasonable.

Allogeneic transplantation in 
refractory DLBCL
In clinical practice, the majority of patients who relapse 

after an auto‐HCT will not proceed to allo‐HCT due to 

inability to tolerate further therapy or due to resistant/

progressive disease. According to the Gruppo Italiano 

Trapianto di Midollo Osseo (GITMO) database, of 884 
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patients who relapsed after an auto‐HCT, only 165 

(19%) proceeded to a subsequent allo‐HCT [64].

Studies appraising the role of allo‐HCT in DLBCL gen­

erally report 3‐ to 5‐year PFS and OS of 35–48% and 

41–47%, respectively [58,62,65]. The reports suggest 

very poor outcomes in patients with chemoresitant and 

progressive disease. Hamadani et al. [66] evaluated the 

outcomes of chemorefractory aggressive NHL (N = 46) 

including 18 patients with DLBCL who underwent allo‐

HCT. The 5‐year OS, PFS, and NRM were 38%, 34%, 

and 35%, respectively. The OS and PFS were 46% and 

46%, respectively, for those with stable disease at the 

time of transplant compared to 21% and 7%, respec­

tively, for those with progressive disease. Based on the 

evidence provided, albeit limited, allo‐HCT should be 

considered for chemotherapy‐refractory DLBCL, but 

very careful patient selection is warranted weighing the 

risks and benefits.

Role of conditioning regimen in allogeneic 
transplantation
MAC regimens, while conferring additive cytoreduc­

tion to GVL effects, is associated with high NRM espe­

cially in patients who undergo prior auto‐HCT, thus 

limiting its use [63,67–69]. RIC regimens have broad­

ened the applicability of allo‐HCT, especially in patients 

who are older and those with comorbid conditions. The 

EBMT reported significantly higher 3‐year NRM offset 

by reduced (not statistically significant) relapse risk 

leading to comparable PFS with MAC compared to RIC 

in a cohort of 101 patients who underwent allo‐HCT 

after autograft [63]. A CIBMTR registry study analyzed 

396 patients with DLBCL who received an HLA‐

matched related to unrelated allo‐HCT following MAC, 

RIC, or nonmyeloablative (NMA) conditioning. The 1‐

year NRM for the MAC group (47%) was significantly 

higher than that for the RIC/NMA group (31% and 

29%, P = 0.004). The 1‐year relapse rate was lower 

with MAC (26%) compared to 32% and 37%, respec­

tively, with RIC and NMA (P = 0.04). However, no 

difference was noted in the 5‐year PFS and OS bet­

ween the groups [69]. Another CIBMTR study evalu­

ating the role of conditioning regimen on allo‐HCT 

outcomes in chemotherapy‐unresponsive DLBCL and 

grade III follicular lymphoma found that MAC was 

associated with a higher 3‐year NRM compared with 

RIC (53% vs. 42%, P = 0.03) and a reduced risk for 

progression (relative risk 0.66). At 3 years the condi­

tioning regimen did not impact the PFS, but the OS 

with MAC and RIC was 19% and 28%, respectively 

(P = 0.02).

Table  16.1 shows selected recent studies evaluating 

allo‐HCT in DLBCL. Acknowledging the lack of prospec­

tive studies, the available data do not suggest that more 

intense conditioning in DLBCL patients undergoing 

allo‐HCT is associated with improved outcomes, but 

may be associated with higher rates of NRM.

Post‐transplantation disease 
monitoring for DLBCL

Disease monitoring after transplantation serves two 

purposes: (i) to detect early relapse for those undergoing 

HCT in CR and (ii) to monitor response to therapy if not 

in CR at the time of transplant. The optimal follow‐up 

schedule after HCT is controversial. Re‐imaging with 

computed tomography (CT) or PET/CT at day 90–100 

post transplantation to document end‐of‐therapy dis­

ease status is reasonable and widely practiced by trans­

plant centers. For those with documented bone marrow 

involvement before HCT, a repeat marrow aspiration 

and biopsy is appropriate to document remission. PET is 

often associated with high false‐positive results in this 

setting and there are few data to recommend its routine 

use [70,71]. Patients should be followed clinically for 

disease relapse every 3 months for the first year, every 

4–6 months for 3 years, every 6–12 months for up to 

5 years, and annually thereafter. Many centers perform 

re‐imaging at regular intervals following HCT, although 

the utility of this approach is questionable [72]. Those 

patients with active disease may need more frequent 

monitoring (every 3–6 months) to document response 

to therapy and to institute additional therapy when 

warranted. A strategy that is guided by patient symp­

toms and physical examination (good clinical evalua­

tion) may be more useful than routine surveillance 

scans [73]. Besides monitoring for disease relapse, allo‐

HCT recipients should be followed closely for assessment 

of their graft function. In our practice we assess chime­

rism by DNA genotyping of polymorphic markers of 

simple sequence length that encode short tandem 

repeats until full donor chimerism is documented at 3–6 

monthly intervals.
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Management of relapses after 
transplantation for DLBCL

Identifying risk factors that impact post‐transplant 

outcomes including disease progression is essential to 

identify high‐risk patients, thus enabling practitioners 

to consider closer monitoring as well as strategies to 

minimize the risk of relapse. Patient‐ and disease‐related 

risk factors associated with higher risk of relapse include 

disease status, chemorefractory disease, PS, duration 

of  initial response, and high second‐line aa‐IPI 

[22,40,50,59,63,74]. It is theoretically possible that 

implementation of post‐HCT maintenance and/or con­

solidation strategies would improve responses and 

decrease relapse risk. Rituximab maintenance was 

studied in a large randomized controlled trial after auto‐

HCT in DLBCL but showed no impact on survival and is 

thus not recommended [75]. The use of planned pre‐ or 

post‐autograft radiation therapy may be another tech­

nique to improve local disease control and relapse risk 

[51,76]. The incorporation of novel agents into salvage 

regimens, conditioning regimens and as maintenance 

therapy holds promise and is under evaluation.

A practical approach to the management of DLBCL 

progressing after an autograft is presented in Figure 16.2. 

The main consideration in this context is to assess the 

ability of the patient to proceed to an allo‐HCT. For those 

eligible, additional salvage therapy is often considered 

for cytoreduction and enable donor search. No salvage 

therapy has been found to be superior over the other and 

common regimens, including DHAP (dexamethasone, 

cisplatin, cytarabine), ESHAP (methylprednisolone, 

etoposide, cytarabine, cisplatin), GemOX (gemcitabine, 

oxaliplatin), GDP (gemcitabine, dexamethasone, cis­

platin), and ICE (ifosfamide, carboplatin, etoposide). 

The allo‐HCT conditioning should be carefully chosen 

taking into account patient’s age, PS, and comorbidities. 

Evaluation of novel agents and their combinations for 

salvage and conditioning regimens in the context of 

clinical trials is recommended for allograft candidates. 

Patients who are not allograft candidates should ideally 

be always treated on appropriate clinical trials, when 

available. Recently, bendamustine (120 mg/m2) with 

rituximab was evaluated in transplant‐ineligible patients 

and is a reasonable option [77]. Proteasome inhibitors, 

lenalidomide, and Bruton’s tyrosine kinase (Btk) inhibi­

tors also hold promise for relapsed DLBCL of the activated 

B‐cell phenotype.

Patients who experience relapse post allo‐HCT have 

poor outcomes [58,63,69]. Apart from having 

exhausted most of the available treatment options, a 

significant fraction of these patients is unable to tol­

erate further therapy due to poor PS, end‐organ 

damage, concomitant graft‐versus‐host disease 

(GVHD), infectious disease complications, and rapidly 

progressive disease. The treatment decision in this 

setting is highly individualized, noting that palliation/

best supportive care may be the optimal option for 

some patients (Figure  16.2). When appropriate the 

immediate goals of therapy include cytoreduction to 

reduce disease bulk and strategies to augment the GVL 

effects. No specific recommendations regarding the 

choice of therapy for cytoreduction can be made based 

on available data. It has been noted that true evidence 

of GVL effects is characterized by tumor regression 

after withdrawal of immunosuppression and/or 

administration of DLI [55]. In the absence of active and 

severe GVHD, discontinuation of immunosuppression 

(if ongoing) is usually considered with or without 

cytoreductive therapy. In patients who are not on 

immunosuppression, DLIs are often considered. The 

available data evaluating the role of withdrawal of 

immunosuppression and DLI are limited [25,78–80]. 

One prospective study evaluating RIC with alemtu­

zumab (N = 88, aggressive NHL = 37) used DLI for 

conversion of mixed chimerism (N = 15) and disease 

progression (N = 21) and reported a 3‐year PFS of 34% 

for high‐grade NHL [79]. Wudhikarn et al. [80] evalu­

ated outcomes in 72 patients (DLBCL, N = 15) with 

disease progression after allo‐HCT who were treated 

with withdrawal of immunosuppression (N = 58), DLI 

(N = 7), and other strategies and noted objective 

responses in 38 including CR in 30 patients. Although 

79% died from disease progression, factors predicting 

survival post HCT included good PS (0–2), normal 

LDH, early‐stage disease (stage I–III), isolated extrano­

dal organ involvement, and late relapse (>100 days) 

post HCT [80]. A study specific to DLBCL not in remis­

sion at day +100 after allo‐HCT (N = 15) managed 

these patients with withdrawal of immunosuppression 

(N = 10) and DLI (N = 5) and reported eight patients in 

CR with six alive at 42–83 months [25]. Acknowledging 

the lack of large prospective trials and based on the 

limited data available, withdrawal of immunosuppres­

sion and DLI with or without cytoreductive therapy is 

reasonable in carefully selected individuals. The 
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importance of managing these high‐risk patients on 

clinical trials cannot be overemphasized.

Novel therapies and their integration 
in transplantation for DLBCL

The development of novel “targeted therapies” that 

include monoclonal antibodies, cell signaling pathway 

inhibitors, epigenetic modulators, immunomodulators, 

and genetically engineered T cells has heralded a new 

era in cancer therapeutics. The widespread integration 

of rituximab into chemotherapy was indeed a turning 

point in the management of DLBCL. However since 

2006, when the Food and Drug Administration approved 

rituximab, no other novel agent has obtained approval 

in DLBCL. Fortunately, the field is rapidly evolving and 

several agents with varying mechanisms of action are 

being evaluated in clinical trials. Indeed, DLBCL inves­

tigators are provided the unique opportunity to integrate 

these agents at various stages of the disease course. The 

possibilities include (i) improving outcomes of initial 

therapy, thereby obviating the need for HCT; (ii) with 

salvage regimens to increase the proportion of patients 

eligible for HCT; (iii) optimizing conditioning regimens 

for auto‐ and allo‐HCT; (iv) post‐HCT consolidation and/

or maintenance therapy; and (v) management of pro­

gressive disease. Another important area that requires 

further evaluation is the possibility of individualized 

therapy based on the specific histological, molecular, or 

Relapse/disease progression post auto-HCT

YesNo

Is patient a candidate for allo-HCT? (Good PS and low comorbidities) 

Allo-HCT 

Clinical trial or 
chemoimmunotherapy or 

palliative care

Relapsed or refractory 
disease post transplant

Remission

If on immunosuppression, 
discontinue/reduce immunosuppression if 

no active or severe GVHD
Observation

ResponseNo response or 
further disease 

progression

DLI (cells available, no active GVHD and 
lymphoma not progressing rapidly) 

chemoimmunotherapy/radiation/clinical trial

Response No response or disease 
progression

Observation

Clinical trial 
available? 

Yes

No

Enroll in clinical 
trial

Consider therapy with 
palliative intent if 

tolerated or palliative 
care

Salvage chemotherapy and initiation of donor search*

Figure 16.2  Suggested treatment algorithm for relapsed/progressive disease. DLI, donor lymphocyte infusion; GVHD, graft‐versus‐

host disease; HCT, hematopoietic cell transplantation. Asterisk indicates that novel agents and their combinations for salvage and 

conditioning regimens in the context of clinical trials is recommended for allograft candidates.
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genetic subtype of DLBCL. While a comprehensive 

review of novel agents is beyond the scope of this 

chapter, a few novel agents/approaches and trials are 

highlighted. A few excellent reviews are referenced for 

further reading [54,81–83].

Selected novel approaches/agents in DLBCL
Ofatumumab and obinutuzumab are next‐generation 

high‐affinity CD20 monoclonal antibodies with activity 

against rituximab‐resistant cell lines. They have shown 

promising results in the relapsed/refractory setting as 

single‐agent therapy [84–86]. Ofatumamab has shown 

efficacy in relapsed/refractory DLBCL as well as in 

combination salvage therapy [87]. Epratuzumab (anti‐

CD22) and MEDI‐551 (anti‐CD19) both have activity in 

DLBCL and are being evaluated in clinical trials [88,89]. 

The nuclear factor κ‐light‐chain‐enhancer of activated B 

cells (NF‐κB) signaling pathway is thought to be consti­

tutively active in non‐germinal center B‐cell (non‐GCB) 

DLBCL. A Phase II study evaluating dose‐adjusted 

EPOCH with bortezomib showed improved response 

rates and median survival [90]. In combination with  

R‐CHOP (rituximab plus cyclophosphamide, doxoru­

bicin, vincristine, and prednisone), it was associated 

with 100% responses (86% CR) and 2‐year PFS of 64% 

[91]. Randomized trials with bortezomib plus chemoim­

munotherapy are underway. Carfilzomib is a next‐

generation proteasome inhibitor that is being evaluated 

as well. In Phase II studies, lenalidomide, an immuno­

modulator that is active in myeloma, showed response 

in DLBCL and interestingly seems to be more active in 

non‐GCB subtype, with an overall response rate (ORR) 

of 53% in the relapsed/refractory setting [92,93]. 

Current trials are evaluating the role of lenalidomide in 

salvage and upfront settings as well. Constitutively 

active B‐cell receptor signaling is thought to play a role 

in DLBCL, especially in non‐GCB subtype DLBCL, and 

two important kinase inhibitors – Syk inhibitor (fosta­

matinib, 22% ORR in DLBCL) and Btk inhibitor (ibruti­

nib, 40% response in non‐GCB DLBCL) – are currently 

under evaluation in clinical trials [94,95]. Attaining CR 

with the initial treatment for DLBCL is an important 

predictor of PFS and OS, even for high‐risk DLBCL [96]. 

The standard of care for several years has remained 

CHOP plus rituximab. Upfront therapy with dose‐

adjusted EPOCH (etoposide, prednisone, vincristine, 

cyclophosphamide, and doxorubicin) plus rituximab 

has shown promise in Phase II trials in specific subsets of 

aggressive B‐cell NHL and is currently under compara­

tive evaluation in upfront therapy [96,97]. Although 

the CORAL study showed no difference between two 

different salvage regimens in outcomes, subgroup 

analyses suggested improved PFS in the R‐DHAP arm in 

GCB DLBCL [22,98]. Maintenance therapy with ritux­

imab after auto‐HCT was evaluated in the CORAL trial, 

and showed no improvement in outcomes [75]. 

Programmed death (PD)‐1 is a T‐cell coreceptor that 

maintains an immunosuppressive tumor microenviron­

ment and its inhibition has antitumor activity. The anti‐

PD‐1 antibody CT‐011 used as maintenance therapy 

after auto‐HCT showed PFS of 69% and is under evalu­

ation in clinical trials [99].

Although several new agents are under clinical evalu­

ation, the data are not mature enough to recommend 

their widespread use. Moreover, the optimal timing of 

their integration is unknown. However, the field is rap­

idly expanding with the discovery of newer targets and 

agents and the future is exciting and promising.

Case study

A 65-year-old female with a past history of diabetes mellitus, chronic bronchitis and anxiety presents with fever, night sweats and 
“lumps” in the neck. Excisional biopsy of the (R) supraclavicular lymph node is consistent with diffuse large B-cell lymphoma (DLBCL), 
germinal center B-cell subtype. CT/PET reveals bulky lymphadenopathy above and below the diaphragm without any extranodal 
involvement. Bilateral bone marrow biopsies are negative for involvement with lymphoma. Lactate dehydrogenase is twice the upper 
limit of laboratory reference. For stage IIIB, International Prognostic Index score 3 DLBCL, six cycles of chemoimmunotherapy with 
R-CHOP (rituximab, cyclophosphamide, adriamycin, vincristine and prednisone) are recommended. Interim PET scan after three cycles 
reveals good partial remission, but end-of-therapy imaging study after completion of six cycles shows stable disease. A needle biopsy 
of the (L) cervical node is consistent with DLBCL. What is the most appropriate therapy for this patient?
A	 Administer two more cycles of R-CHOP, followed by repeat imaging in 3 months.
B	 Place patient on observation and repeat PET scan in 3 months.
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Indications for transplantation in 
mantle cell lymphoma

With an incidence of less than 0.5 per 100,000 inhabitants 

per year in Europe, mantle cell lymphoma (MCL) is a rare 

subtype, comprising less than 5% of all newly diagnosed 

lymphomas [1]. However, because of its poor prognosis 

under conventional chemoimmunotherapy, hematopoi-

etic stem cell transplantation (HSCT) plays a predominant 

role in MCL treatment algorithms, and with more than 

1000 transplants per year MCL is among the most fre-

quent lymphoma transplant indication in the European 

Society for Blood and Marrow Transplantation (EBMT) 

registry (EBMT, data on file).

Autologous HSCT
Autologous HSCT consolidation is considered a stan-

dard part of first‐line treatment of younger (less than 

60–65 years) patients with MCL [2,3] (Table 17.1). This 

is based on several uncontrolled studies and one pro-

spective randomized trial comparing autologous 

(auto)‐HSCT consolidation with interferon mainte-

nance in patients with MCL in first remission [4]. This 

trial demonstrated that auto‐HSCT provides a 

significant progression‐free survival (PFS) benefit and, 

after longer follow‐up, also an overall survival (OS) 

benefit over interferon [5]. Recent epidemiologic data 

from Scandinavia considering primary treatment strat-

egies confirmed that auto‐HSCT is an independent pre-

dictor of improved survival [6]. The results of upfront 

auto‐HSCT in MCL can be further improved by 

incorporation of rituximab and high‐dose ara‐C into 

the induction regimen as observed in prospective 

randomized trials and cohort studies [7,8]. A registry 

analysis suggested that the benefit of auto‐HSCT may 

also be relevant in fit elderly patients (65–70 years) [9]. 

Current prognostic criteria do not permit risk‐adapted 

therapy (i.e., omission of auto‐HSCT in “low‐risk” 

patients as defined by clinical and/or genetic criteria) 

[3,10,11].

The prognosis of patients with relapsed or refractory 

MCL is generally poor. Although the results of salvage 

auto‐HSCT are inferior to first‐line transplants, auto‐

HSCT remains a salvage option for transplant‐naive 

patients [3,12,13].

Allogeneic HSCT
Albeit merely supported by retrospective studies, in 

the absence of reasonable alternative treatment 

options, allogeneic (allo)‐HSCT seems to be the only 

modality capable of providing long‐term disease con-

trol in patients with relapsed and even refractory MCL 

[12,14–16]. Therefore the consensus is to recommend 

allo‐HSCT to patients with MCL who relapse or 

become refractory after auto‐HSCT or an appropri-

ately intensive pretreatment [2,3] (Table  17.1). In 

contrast, there is no evidence to support upfront allo‐

HSCT in MCL outside of clinical trials. It remains to be 

shown if novel molecular drugs, such as B‐cell 

receptor kinase inhibitors, will  affect HSCT indica-

tions in MCL or other B‐cell malignancies in the 

future [17,18].

Mantle cell lymphoma
Sascha Dietrich and Peter Dreger

Chapter 17
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Timing and preparation of patients 
for transplantation in mantle cell 
lymphoma

Autologous HSCT
In keeping with the indications described above, the 

optimum timing of auto‐HSCT is first‐line consolidation 

after an adequate induction therapy. Although not 

significant in all studies [12,14], it seems that the depth 

of remission achieved at the time of auto‐HSCT is corre-

lated with transplant outcome [7,19,20]. This effect was 

even more pronounced if sensitive disease detection 

techniques such as positron emission tomography (PET) 

and molecular minimal residual disease (MRD) 

assessment were employed [20,21]. Thus, based on the 

evidence available, induction therapy should contain 

high‐dose ara‐C and rituximab as mandatory treatment 

elements in order to achieve maximum response [3,7,8]. 

However, there is no consensus that, prior to auto‐

HSCT, induction treatment should be continued until 

PET/MRD negativity is reached [3,22].

The same principles apply for patients who are con-

sidered for second‐line auto‐HSCT even if evidence‐

based data supporting this recommendation are sparse.

Allogeneic HSCT
Because of the excellent results of first‐line sequential 

intensification strategies comprising high‐dose ara‐C, 

rituximab, and auto‐HSCT as key treatment elements 

on the one hand and the unavoidable toxicity of allo‐

HSCT on the other hand, it appears that allografting 

for consolidating MCL in first remission is at least not 

superior to auto‐HSCT [13]. Thus, first‐line allo‐HSCT 

is not supported by current guidelines [2,3]. In con-

trast, allo‐HSCT has a role in salvage treatment of 

MCL as the prognosis of MCL relapse on auto‐HSCT or 

nontransplant first‐line therapies is poor [14,15,23]. 

Again, sustained disease control at allo‐HSCT seems 

to  be a prerequisite for successful outcome [24]. 

Therefore according to disease history and the 

individual situation, appropriate salvage regimens 

should be considered for achieving stable remission 

prior to transplant. These comprise high‐dose ara‐C or 

other intensive salvage regimens in use for treating 

aggressive lymphoma, bortezomib‐based schedules 

[25], temsirolimus [26], bendamustine [23], immuno-

modulatory drugs [27] or, most promising, molecular 

pathway inhibitors such as ibrutinib [28]. However, 

allo‐HSCT can provide long‐term remissions even in a 

fraction of patients who undergo transplantation in a 

refractory disease status [16], implying that failure to 

achieve response should not preclude allo‐HSCT in 

refractory patients who otherwise fulfil the eligibility 

criteria for transplant.

Autologous hematopoietic stem cell 
transplantation for mantle cell 
lymphoma

Results of first‐line auto‐HSCT
As documented by large prospective trials, modern 

first‐line sequential intensification strategies com-

prising auto‐HSCT are associated with excellent dis-

ease control as reflected by 5‐year PFS of 65% or 

higher if induction contains high‐dose ara‐C and 

rituximab (Table 17.2). Despite this, relapses continu-

ously occur, discouraging hopes that high‐dose 

therapy could be curative in a significant fraction of 

patients with MCL. A PFS plateau was initially seen in 

the Nordic MCL2 trial but disappeared after more 

advanced follow‐up, suggesting that high‐dose che-

motherapy alone is not likely to cure the vast majority 

of patients with MCL [8,29]. Factors adversely 

affecting outcome of auto‐HSCT include a high MCL 

International Prognostic Index (MIPI); poor disease 

control at transplant by clinical criteria, PET, or MRD; 

Table 17.1  HSCT indications in mantle cell lymphoma.

Disease risk Donor

HLA‐identical 

sibling

WMUD MMUD 

<10/10

Auto‐

HSCT

First remission D D NR S

CR >1, previous 

auto no

CO CO D S

CR >1, previous 

auto yes

S S CO NR

Refractory CO CO D NR

Auto, auto‐HSCT; CO, clinical option (can be carried out after 
careful assessment of risks and benefits in experienced centers); 
CR, complete remission; D, developmental (only in studies); MMUD 
<10/10, mismatched unrelated donor (1 or more allele difference); 
NR, not recommended; S, standard of care (generally indicated in 
suitable patients); WMUD, well‐matched unrelated donor.
Source: Sureda et al. [56].
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a high proliferation rate; and using an induction 

treatment devoid of rituximab and high‐dose ara‐C 

(Table  17.2). The latter factor may explain why the 

outcome results reported in registry analyses seem to 

be less good (Table  17.3). Several studies have 

addressed the effect of type of high‐dose regimen but 

have failed to resolve general significant benefits of 

total body irradiation (TBI)‐based myeloablation over 

high‐dose chemotherapy, although TBI tended to 

provide superior disease control in subset analyses 

[30,31]. Similarly, in the Nordic MCL3 trial the incor-

poration of radioimmunotherapy into the high‐dose 

regimen did not improve outcome of patients who 

proceeded to auto‐HSCT with less than partial remis-

sion compared to historical controls from the MCL2 

trial [20]. In a small study on largely rituximab‐naive 

patients receiving TBI‐based high‐dose therapy, in 

vivo purging with peritransplant rituximab was asso-

ciated with a significant PFS benefit compared to his-

torical controls without peritransplant rituximab 

[32]. In contrast, evidence that ex vivo purging of the 

autograft can improve the outcome of auto‐HSCT in 

MCL is lacking [33].

In contrast to follicular lymphoma [34], in MCL 

rituximab maintenance after auto‐HSCT is not an 

established treatment strategy, although it proved to be 

of significant benefit in elderly patients responding to 

standard chemoimmunotherapy [35]. Preliminary data 

suggest that rituximab maintenance could be an 

effective tool for preventing relapse after autografting 

for MCL as well [36]. Preliminary results of a prospec-

tive LYMA trial have confirmed these findings [37]. 

Similarly, sound evidence that preemptive rituximab 

treatment on MRD persistence or recurrence after 

Table 17.2  Selected prospective clinical trials of auto‐HSCT as part of first‐line treatment of mantle cell lymphoma.

Dreyling 

et al. [4]

Dreger 

et al. [32]

Tam  

et al. [12]

Geisler  

et al. [8,29,54]

Kolstad  

et al. [20]

Hermine 

 et al. [7]

Hoster  

et al. [10]

N 62 34 50 160 160 235 234

MIPI (low/intermediate/

high)

NA NA 40%/33%/28% 51%/26%/23% 48%/31%/21% 60%/25%/15% 64%/23%/13%

Proportion of patients 

in CR at auto‐HSCT

35% 24% 46%* 54% 51% 25% 36%

Proportion of patients 

having received ara‐C 

+ rituximab‐based 

induction

29% 17% 26% 100% 100% 0 100%

High‐dose regimen TBI/CY R‐TBI/CY TBI/CY/R‐TBI/CY BEAM BEAM/Z‐BEAM TBI/CY TBI/ara‐C/

melphalan

High‐dose regimen 

TBI‐based

100% 100% 74% 0 0 100% 100%

Progression‐free 

survival

54% (3 

years)

83% (4 

years)

39% (6 years) 66% (6 years)

43% (10 years)

71% (4 years) 65% (5 years)† 40% (5 years)†

Overall survival 83% (3 

years)

87% (4 

years)

61% (6 years) 70% (6 years)

58% (10 years)

78% (4 years) 75% (5 years)† 68% (5 years)†

Factors significantly 

affecting progression‐

free survival

— R‐TBI/

CY‡

Marrow graft, B 

symptoms

MIPI, Ki‐67, R + 

ara‐C induction§

MIPI, pre‐HSCT PET, 

post‐HSCT MRD

R + ara‐C 

induction, MIPI

Follow‐up (years) 2.1 2.7 

(0.5–6.8)

6.0 6.5 4.4 4.3

*Including CRu.
†Measured from start of induction therapy.
‡In comparison to 34 historical patients who had received TBI/CY without peritransplant rituximab.
§In comparison to 41 historical patients who had received induction without ara‐C + rituximab.
BEAM, BCNU, etoposide, ara‐C, melphalan; CR, complete remission; CY, cyclophosphamide; HSCT, hematopoietic stem cell transplantation; 
MIPI, Mantle Cell Lymphoma International Prognostic Index; MRD, minimal residual disease; NA, not available; PET, positron emission 
tomography; R, rituximab; TBI, total body irradiation.
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auto‐HSCT for MCL may prolong remission and survival 

is lacking [38], implying that MRD monitoring after 

autologous transplantation is not mandatory [3].

Results of salvage auto‐HSCT
In contrast to the first‐line setting, structured analyses 

of auto‐HSCT as part of salvage therapy for MCL are 

sparse. The largest prospective study has been pub-

lished by investigators from the M.D. Anderson Cancer 

Center, showing on 36 patients that rescue auto‐HSCT 

is feasible but results in PFS and OS rates (10% and 

35% at 6 years) which are significantly inferior to 

those achieved after first‐line auto‐HSCT [12]. 

Similarly, 5‐year PFS and OS after rescue autotrans-

plant were significantly worse compared to first‐line 

auto‐HSCT (29% and 44% vs. 52% and 61%, respec-

tively) in 132 patients autografted after first‐line 

treatment failure in a comprehensive registry study by 

the Center for International Blood and Marrow 

Transplant Research (CIBMTR) [13]. Nevertheless, in 

this study the results of auto‐HSCT were at least sim-

ilar to those of allo‐HSCT in transplant‐naive patients 

in the salvage setting. In contrast, a second auto‐HSCT 

after a previous autografting failure seems to be of 

limited value in MCL, while a large proportion of 

patients who undergo allo‐HSCT as second transplant 

can become long‐term survivors in this setting [15].

In conclusion, whereas it is unclear if autologous or 

allogeneic transplantation should be preferred in 

transplant‐naive patients with MCL needing salvage 

treatment, of patients who have relapsed after a previous 

auto‐HSCT only those who manage to undergo allo‐HSCT 

may enjoy long‐term survival. Accordingly, allo‐HSCT 

should be offered to eligble patients who have MCL recur-

rence after previous autologous transplantation [2,3].

Allogeneic hematopoietic stem cell 
transplantation for mantle cell 
lymphoma

Despite continuous improvement of therapeutic strat-

egies, allo‐HSCT remains the only curative treatment 

option for patients with MCL. In contrast to auto‐HSCT, 

where autologous stem cells are infused to compensate for 

hematologic toxicity of high‐dose chemotherapy, the 

rationale for allo‐HSCT encompasses a completely differ-

ent biological mode of action. An allogeneic stem cell 

transplant has the capability to mediate a durable immune‐

therapeutic process that targets the lymphoma cells (graft‐

versus‐lymphoma activity, GVL). The downside of this 

powerful donor T‐cell‐mediated effect is graft‐versus‐host 

disease (GVHD), which accounts for the substantially 

increased mortality and morbidity of allo‐HSCT in 

comparison with auto‐HSCT. To define indications for 

allo‐HSCT in a disease like MCL, its beneficial effects and 

curative potential have to be weighed against the risk of 

transplant‐related morbidity and mortality. For this 

Table 17.3  Selected registry studies on auto‐HSCT as part of first‐line treatment of mantle cell lymphoma.

Rubio et al. [30] Budde et al. [55] Fenske et al. [13] Touzeau et al. [31]

N 488 85 249 396

MIPI (low/intermediate/high) NA 55%/31%/14% NA NA

Proportion of patients in CR at auto‐HSCT 68% 66% 71% 53%*

Proportion of patients having received ara‐C 

+ rituximab‐based induction

35% 48% NA NA

High‐dose regimen Various NA Various Various

High‐dose regimen TBI‐based 33% NA 22% 48%

Progression‐free survival 47% (5 year) NA 52% (5 year) 66% (3 year)

Overall survival 73% (5 year) NA 61% (5 year) 83% (3 year)

Factors significantly affecting progression‐

free survival

No CR at HSCT MIPI No CR at HSCT No CR at HSCT, age, 

rituximab exposure

Follow‐up (years) 2.5 2.4 (0.1–12.6) 3.5 (0.3–13.2) 3.0 (0.1–16.3)

*Including CRu.
BEAM, BCNU, etoposide, ara‐C, melphalan; CR, complete remission; CY, cyclophosphamide; HSCT, hematopoietic stem cell transplantation; 
MIPI, Mantle Cell Lymphoma International Prognostic Index; NA, not available; R, rituximab; TBI, total body irradiation.
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purpose the following key questions need to be addressed.

1	 Is GVL effective in MCL?

2	 Does the beneficial effect of allo‐HSCT justify the tox-

icity of the procedure?

3	 What is the best timing for allo‐HSCT in MCL?

Evidence for GVL efficacy in mantle cell 
lymphoma
Despite very long remissions of up to 16 years [14], 

convincing plateaus of PFS curves are generally not 

present in long‐term follow‐up studies of patients 

who have undergone auto‐HSCT for MCL. In contrast, 

long‐term lymphoma‐free survival after allo‐HSCT for 

MCL could be demonstrated by a number of reports, 

including chemotherapy‐refractory patients who 

experienced prolonged remissions after allo‐HSCT 

[12,15,39,40]. However, it might be argued that stem 

cells infused for allo‐HSCT do not contain contami-

nating tumor cells and it thus remains debatable 

whether the GVL effect or the absence of contami-

nating tumor cells is responsible for these sustained 

remissions. Khouri et al. [41] reported results on 16 

heavily pretreated patients who had undergone mye-

loablative allo‐HSCT with a PFS of 55% at 3 years. 

Three patients in this study continued to have MRD as 

determined by lymphoma‐specific polymerase chain 

reaction (PCR) shortly after transplant but converted 

to negative status several months after allo‐HSCT 

[41]. This observation suggests that a low tumor 

burden can be effectively eradicated by the donor 

immune system, thereby providing evidence for a 

GVL effect. Moreover, the fact that allo‐HSCT based 

on reduced‐intensity conditioning (RIC) can result in 

durable disease control even in patients who have 

failed a myeloablative auto‐HSCT is in keeping with 

effective GVL activity in MCL [12,14,15].

Further evidence for the existence of a GVL effect in 

MCL comes from findings that the occurrence of 

chronic GVHD is associated with reduced relapse risk 

and the efficacy of donor lymphocyte infusions (DLI) 

[24], and that the use of antithymocyte globulin 

(ATG) may be complicated by an increased risk of 

relapse [42].

Taken together, there is some indirect evidence that 

GVL activity targeting MCL cells exists and has clinical 

relevance, but further characterization of this effect is 

needed. Nevertheless, in the EBMT European Mantle 

Cell Lymphoma Network Consensus Project, MRD 

relapse post allo‐HSCT was considered an indication for 

rapid withdrawal of immunosuppression and DLI if 

GVHD is absent [3].

Outcome of allo‐HSCT in mantle cell 
lymphoma
Patients with MCL who have relapsed after intensive 

front‐line therapies have only limited options for long‐

term disease control. In this setting, allo‐HSCT has 

proven to provide long‐term disease control even for 

refractory patients [43–45]. The traditional myeloabla-

tive conditioning regimens evaluated in these initial 

studies in heavily pretreated patients were associated 

with a very high treatment‐related mortality of up to 

40%. Subsequently, RIC procedures (Table 17.4) were 

used in patients with MCL to lower initially observed 

high nonrelapse mortality (NRM) rates but at the same 

time maintaining the beneficial GVL effect. Maris et al. 

[46] updated results of 33 heavily pretreated MCL 

patients who received conditioning with fludarabine 

and low‐dose TBI. Compared to myeloablative 

Table 17.4  Outcome of selected RIC studies in mantle cell 
lymphoma.

Center and RIC regimen N Results

M.D. Anderson Cancer Center [12]

FCR (85%), PFA (14%)

35 6‐year OS, 53%

6‐year PFS, 46%

1‐year NRM, 9%

EBMT (on file 2011)

Various regimens

279 3‐year OS, 45%

3‐year PFS, 34%

3‐year NRM, 38%

British Society of Blood and 

Marrow Transplantion [24]

Various fludarabine–alkylator 

combinations, mostly 

alemtuzumab‐based (82%)

70 5‐year OS, 14%

5‐year PFS, 37%

5‐year NRM, 23%

Fred Hutchison Cancer Center [46]

Fludarabine and 2‐Gy TBI

53 5‐year OS, 58%

5‐year PFS, 52%

5‐year NRM, 27%

CIBMTR (allo‐HSCT in first 

remission) [13]

Various

50 5‐year OS, 62%

5‐year PFS, 55%

1‐year NRM, 25%

CIBMTR (allo‐HSCT beyond first 

remission) [13]

Various

88 5‐year OS, 31%

5‐year PFS, 24%

1‐year NRM, 17%

FCR, fludarabine, cyclophosphamide, rituximab; NRM, nonrelapse 
mortality; OS, overall survival; PFA, cisplatin, fludarabine, cytarabine; 
PFS, progression‐free survival; TBI, total body irradiation.
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regimens, 5‐year NRM could be slightly reduced but 

was still as high as 27%. An impressively low NRM of 

only 9% after 1 year was reported in a study by the 

M.D. Anderson Cancer Center, suggesting a benefit in 

favor of RIC. Accordingly, because of its better tolera-

bility, which allows its use also in elderly and frail 

patients, RIC conditioning is now the preferred choice 

for allografting patients with MCL [3].

The overall survival of patients with MCL after allo‐

HSCT varies slightly among reports, most likely depend-

ing on patients included in the different studies. 

Single‐center experiences with advanced‐disease 

patients reported a 2‐year OS of 59% in Heidelberg [14] 

and 65% in Seattle [46], and a 6‐year OS of 53% at the 

M.D. Anderson Cancer Center [40]. In contrast, multi-

center studies report worse OS rates of 20–30% after 5 

years [13,42]. Taken together, these studies suggest that 

allo‐HSCT in MCL is capable of providing long‐term dis-

ease control, but no comparative studies have been per-

formed to answer the question if the risk of the 

disease‐related mortality justifies the risk of NRM asso-

ciated with allo‐HSCT.

Post‐transplantation disease 
monitoring for mantle cell lymphoma

As pointed out earlier, sound evidence that preemptive 

treatment with rituximab or any other agent on MRD 

persistence or recurrence after auto‐HSCT for MCL may 

prolong remission and survival is lacking [38]. Therefore 

MRD monitoring after autologous transplantation is not 

accepted as a standard strategy [3].

There is some consensus that MRD persistence or 

recurrence after allo‐HSCT for MCL should trigger 

preemptive immune‐modulating interventions, such 

as immunosuppression tapering or DLI [3]. However, 

unlike in chronic lymphocytic leukemia (CLL) where 

this practice can help to navigate GVL toward effec-

tive disease eradication [47], the real‐life situation in 

MCL is more complicated. This is due to the fact that 

molecular MRD assessment needed for MCL is much 

more time‐consuming than MRD‐flow as used in 

CLL, and because disease kinetics can be very dynamic 

in MCL, thereby outpacing MRD‐based preemptive 

therapy. Therefore MRD monitoring after allo‐HSCT 

for MCL is not a generally accepted policy [3].

Management of mantle cell 
lymphoma relapse after 
transplantation

Relapse after autologous HSCT
The prognosis of MCL patients has improved consider-

ably during recent years. However, despite the merits of 

modern aggressive first‐line therapy including auto‐

HSCT, a continuous pattern of relapse can be observed 

in MCL (Figure 17.1).

A large retrospective study of the EBMT analyzed sal-

vage therapies and outcome of 360 patients with MCL 

who had relapsed after auto‐HSCT. Median OS after dis-

ease recurrence was considerably poor, only 19 months 

in this study [15]. In a small retrospective study of three 

referral centers in Germany the median OS after auto‐

HSCT failure was comparably dismal with 23 months 

[14]. However, the EBMT study also demonstrated that 

outcome of MCL relapse after auto‐HSCT has improved 

significantly over the last decade, suggesting that salvage 

strategies for this condition have significantly improved. 

Beside chemotherapy refractoriness, the most important 

prognostic factor determining prognosis after relapse is a 

short PFS interval of less than 12 months after auto‐

HSCT. This observation corroborates findings of the ret-

rospective study of three German referral centers [14] 

and parallels results in patients with follicular lymphoma 

[48] or aggressive B‐cell lymphoma relapsing after auto‐

HSCT [49]. An important feature of MCL that contrib-

utes substantially to its poor prognosis is the development 

of chemorefractory disease in many patients after 

relapse. As many as 40% of patients in the EBMT study 

were refractory to their first salvage treatment after 

auto‐HSCT failure, which is significantly inferior to only 

8% of chemotherapy‐refractory patients prior to auto‐

HSCT within the same patient cohort. Alternative and 

chemotherapy‐free approaches – such as lenalidomide 

[27] and, most promising, ibrutinib [28] – are therefore 

highly warranted to improve the unfavorable outcome 

of patients with chemorefractory disease.

No general consensus exists on how to treat patients 

with MCL relapse after auto‐HSCT. The choice of the 

most suitable therapeutic regimen for patients with 

relapsed disease intuitively depends on multiple parame-

ters, such as performance status and/or biological age, 

remission duration after auto‐HSCT, chemotherapy sen-

sitivity, and biological features of the disease. However, to 
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date a risk‐stratified rescue approach is lacking. Because 

of its registry design, the previously mentioned EBMT 

study represents current practice in many centers and 

showed that first salvage regimens after relapse were pre-

dominantly chemotherapy‐based in more than 80% of 

patients. As for most other lymphomas, noncross‐resis-

tant salvage regimens should generally be used in MCL. If 

for instance R‐CHOP (rituximab plus cyclophosphamide, 

doxorubicin, vincristine, and prednisone), in combination 

with high‐dose ara‐C, was used to induce first remission 

prior to auto‐HSCT, a reasonable choice for treatment of 

relapse could be bendamustine plus rituximab, which 

showed an impressive 84% overall response rate (ORR) 

with 53% complete remissions in a recent Spanish retro-

spective study [23]. Other options include bortezomib‐

based or lenalidomide‐based regimens [25,27] and 

ibrutinib [28]. The only compound which has been posi-

tively evaluated in a Phase III study in the MCL relapse 

setting is temsirolimus, but its ORR in this approval trial 

was only 22% [50].

Second transplantation after  
auto‐HSCT failure
Despite success with new drugs in highly refractory 

cases of MCL, relapses will occur inevitably after 

all  currently available treatment approaches. The 

question of whether a second stem cell transplant 

might be used to consolidate response after salvage 

treatment seems reasonable. In the previously men-

tioned EBMT study, approximately one‐quarter of 

patients received a second stem cell transplantation. 

Only 4% of patients received a second auto‐HSCT and 

although conclusions on only seven patients are diffi-

cult to draw, only one long‐term survivor was 

observed in the auto‐HSCT2 group. A second auto‐

HSCT can therefore not be recommended based on 

the available data. The majority of patients (20%) 

evaluated in the EBMT study who received a sec-

ond  transplant underwent allo‐HSCT, showing a 

significant number of long‐term remissions with a  

2‐year OS of 48%. The most important prognostic 

factor for outcome after allo‐HSCT was the duration 

of remission after the first auto‐HSCT. Almost all 

patients who relapsed within the first year after auto‐

HSCT and subsequently received an allo‐HSCT died 

quickly thereafter. In contrast, patients with longer 

remission duration achieved a plateau after second 

allo‐HSCT at approximately 50%. It is important 

to  mention that patients evaluated in this study 

were  mostly chemotherapy sensitive [15]. These 

results  suggest that allo‐HSCT might be a valuable 

option for  young and eligible patients who have a 
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Figure 17.1  Progression‐free survival of patients with mantle cell lymphoma who received an autologous stem cell transplantation 

between 2000 and 2008 and were registered with the EBMT database (N = 786).
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chemotherapy‐sensitive relapse after auto‐HSCT. For 

details of the allo‐HSCT procedure, see Chapter 4.

Relapse after allo‐HSCT
Data on how to treat MCL relapse after allo‐HSCT is 

sparse. Generally, the same concepts as for relapse after 

auto‐HSCT could be applied. However, a prior allo‐

HSCT provides a unique opportunity to take advantage 

of the GVL effect. To stimulate GVL, withdrawal of 

immunosuppression or the administration of DLI could 

be used. In a report by Wudhikarn et al. [51] on 72 

patients with lymphoma relapse after allo‐HSCT, such 

immunomodulating interventions were successful in 

individual patients, resulting in 43% OS after 2 years 

of the seven patients with MCL included in this anal-

ysis. In selected patients a second allo‐HSCT might be 

an option. In a recent EBMT registry analysis on 140 

allografted patients with lymphoma (including 22 

patients with MCL) who underwent a second allo-

transplant because of lymphoma relapse, 3‐year PFS 

and OS were around 20% and 30%, respectively, with 

no significant differences between individual lym-

phoma subsets [52]. Thus, a second allo‐HSCT might 

be an option for eligble patients, in particular if the 

interval between first allotransplant and relapse has 

not been too short.

Novel therapies and their integration 
in transplantation for mantle cell 
lymphoma

Novel agents are currently changing the landscape of 

MCL treatment. First examples of successful targeted 

therapeutics in the treatment of MCL comprise temsi-

rolimus (mTOR inhibitor) and bortezomib (protea-

some inhibitor). Temsirolimus was approved in 

Europe for the treatment of relapsed MCL based on a 

prospective trial that evaluated two dose regimens of 

temsirolimus in comparison with investigator‐choice 

single‐agent therapy in relapsed or refractory disease. 

Patients treated with temsirolimus 175/75 mg had 

significantly longer PFS than those treated with 

investigator‐choice therapy [50]. Objective response 

rates were significantly higher in the 175/75‐mg 

group (22%) compared with the investigator‐choice 

group (2%). However, despite the superiority of tem-

sirolimus over alternative therapies the median PFS 

was still poor, only 4.8 months in the temsirolimus 

arm with the highest dose.

In the United States, the proteasome inhibitor bort-

ezomib was approved for treatment of MCL in the sal-

vage setting based on results that demonstrated 

responses in approximately 30% of relapsed or 

refractory patients [25]. However, median time to pro-

gression was also quite poor, only 6.2 months. Both 

agents have also been evaluated within combination 

regimens with improved response rates up to 50% for 

both drugs. In 2013 the Food and Drug Administration 

(FDA) approved two new promising drugs (lenalido-

mide and ibrutinib) for the treatment of relapsed MCL. 

The Phase II EMERGE trial, which included 134 

patients, showed that single‐agent lenalidomide has 

substantial activity against relapsed and refractory 

MCL. The ORR was 28% and median response dura-

tion was approximately 17 months [53]. Another drug 

with breakthrough status which was recently approved 

by the FDA based on the results of a Phase II trial in 

relapsed or refractory MCL is the Bruton’s tyrosine 

kinase inhibitor ibrutinib. Even as single agent this 

drug has proven to have a much higher efficacy than 

the drugs described previously. An ORR of 68% and 

complete remission (CR) in 21% of patients were 

observed after the first reported follow‐up, but on 

longer follow‐up the CR rate improved even further to 

40%, although the ORR did not change. Estimated 

response duration in this initial trial was 17.5 months 

and thus clearly better than that observed with any 

other new drug.

However, curing patients with any of these single‐

agent approaches seems unlikely so far. Future studies 

exploring these agents in combination treatments will 

show if these exciting results can be improved further. 

The European MCL Network is currently planning to 

conduct a study where ibrutinib is incorporated before 

and after auto‐HSCT and will finally be compared to a 

nontransplant arm which also involves ibrutinib. This 

study aims to answer the question of whether auto‐

HSCT is still beneficial in the area of targeted therapies. 

Patients with refractory MCL prior to allo‐HSCT have a 

rather poor prognosis and lymphomas are often 

growing before the immune effect can contribute to 

disease control. Novel agents such as ibrutinib could 

help to induce better remissions prior to allo‐HSCT and 

might thereby improve outcome, but this has to be 

tested in future trials.
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Indications for transplantation in 
Hodgkin lymphoma

Hodgkin lymphoma (HL) is one of the most curable 

hematologic malignancies, with 7000–7500 new cases 

diagnosed annually in the United States. HL displays a 

bimodal curve in incidence and most of the patients 

present with early‐stage disease. The dual‐peak incidence 

supports the hypothesis that HL may be a common result 

of two distinct pathogenic processes: an infectious agent, 

such as Epstein–Barr virus (EBV), may have an impact in 

development of the disease in young adults, while a 

mechanism shared with other lymphomas may account 

for the pathogenesis of HL in the older age group [1].

Mortality of HL has significantly decreased over the 

last 30 years. Patients with early‐stage HL have an 

overall survival (OS) of over 90% with modern first‐line 

therapies [2]; however, in patients being diagnosed in 

advanced stages, 10‐year OS is only above 50% [3]. 

Consolidation with high‐dose chemotherapy/autolo­

gous stem cell transplantation (HDC/ASCT) is not a rec­

ommended procedure in patients with HL in first 

complete remission (CR) after conventional first‐line 

chemoradiotherapy [4].

The number of patients with primary resistant or 

relapsed HL is low, although they represent a clinical 

challenge. The use of ASCT is now considered the stan­

dard of care for relapsed HL patients. Two randomized 

trials showed significant benefit in terms of freedom 

from treatment failure (FFTF) for ASCT over conven­

tional chemotherapy for relapsed disease [5,6]. These 

trials have resulted in the recommendation of ASCT at 

time of first relapse for even the most favorable patients, 

although salvage radiotherapy can offer an effective 

treatment for selected subsets of patients with relapsed 

or refractory HL.

Patients with HL who relapse after ASCT have a very 

poor long‐term outcome; there is little information 

about prognostic factors in this setting. A retrospective 

analysis of the Lymphoma Working Party (LWP) of 

the  European Society for Blood and Marrow 

Transplantation (EBMT) and Gruppo Italiano Trapianto 

di Midollo Osseo (GITMO) [7] including 511 adult 

patients with relapsed HL after ASCT indicates that 

after a median follow‐up of 49 months, OS of these 

patients was 32% at 5 years. Independent risk factors 

for OS were early relapse after ASCT, stage IV disease 

and bulky disease at the time of relapse, poor 

performance status, and age 50 years and over. For 

patients with no risk factors, OS at 5 years was 62% 

compared with 37% and 12% for those having one 

and two or more factors, respectively. Relapsed disease 

after ASCT represents a clear unmet need. Therapeutic 

options in this subgroup of patients are very hetero­

geneous and include salvage chemotherapy and/or 

radiotherapy followed or not by a second stem cell 

transplantation, palliative care, new drugs, or biological 

agents. HDC supported by allogeneic stem cell trans­

plantation (allo‐SCT) is a suitable approach for patients 

relapsing after ASCT and with early relapsed or 

refractory HL. A broad spectrum of evidence supports 

the existence of a graft‐versus‐Hodgkin lymphoma 

(GVHL) effect [8] and some studies show a lower rate 

of relapse after allo‐SCT compared with ASCT.

Hodgkin lymphoma
Eva Domingo‐Domenech and Anna Sureda
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Autologous hematopoietic stem cell 
transplantation for Hodgkin 
lymphoma

The first randomized trial compared ASCT with BEAM 

(BCNU, etoposide, ara‐C, melphalan) to mini‐BEAM 

without any stem cell support in patients with active 

HL, in whom conventional therapy had failed [5]. 

Twenty patients were assigned treatment with BEAM 

plus ASCT and 20 with mini‐BEAM. Five BEAM recipi­

ents died compared with nine mini‐BEAM recipients. 

Both 3‐year event‐free survival (EFS) and progression‐

free survival (PFS) showed significant differences in 

favor of BEAM plus ASCT (P = 0.025 and P = 0.005, 

respectively). No differences in terms of OS were seen.

The second randomized trial (HD01 Trial) was pub­

lished 10 years later [6]. A total of 161 patients were 

assigned two cycles of Dexa‐BEAM and either two 

further courses of Dexa‐BEAM or BEAM. There was a 

significant improvement in 3‐year FFTF for patients 

undergoing ASCT compared to four cycles of Dexa‐

BEAM (55% vs. 34%, P = 0.019). The 3‐year FFTF was 

significantly better for patients treated with BEAM, 

regardless of whether the first relapse had occurred 

early (<12 months) (41% vs. 12%, P = 0.007) or late 

(>12 months) (75% vs. 44%, P = 0.02). Of note, there 

was no statistically significant difference in OS for any 

subgroup of patients.

Prognostic factors for long‐term 
outcome after ASCT
The impact of ASCT in the long‐term outcome of 

patients with relapsed/refractory HL is not the same in 

all subgroups of patients. Time to relapse (<12 months 

vs. ≥12 months) [9–11], extranodal disease at relapse 

[9,11], advanced stage and anemia at relapse [10], 

B symptoms [11,12], and refractory disease [12] were 

found to be important adverse prognostic factors. The 

German Hodgkin Lymphoma Study Group (GHSG) was 

able to construct a retrospective risk factor score from 

patients that were included in a Phase III prospective 

clinical trial [13]. The presence of significant anemia at 

relapse, early or multiple relapses, and stage IV trans­

lated into a dismal overall outcome and a 3‐years PFS 

less than 20%. More recently, a positive fluorodeoxy­

glucose positron emission tomography (FDG‐PET) scan 

at the end of salvage chemotherapy and before ASCT 

has also been considered an adverse prognostic factor; 

in a group of 101 patients with both non‐Hodgkin 

lymphoma and HL, both FDG‐PET after two cycles of 

chemotherapy and clinical risk score were independent 

prognostic factors for failure‐free survival after ASCT 

[14]. Two other studies have added additional 

information to the prognostic value of FDG‐PET; a 

pretransplant positive PET/gallium scan was able to 

predict poor outcome after ASCT [15]. Finally, in a group 

of 189 HL patients prospectively included in transplanta­

tion protocols, functional imaging status before ASCT 

was the only factor significant for EFS and OS by multi­

variate analysis and clearly identified poor‐risk patients 

(5‐year EFS 31% and 75% for functional imaging‐

positive and ‐negative patients, respectively) [16].

Debulking therapy before ASCT and 
preparative regimen before ASCT
The best debulking regimen before HDC/ASCT remains 

to be defined; there are no published prospective 

randomized clinical trials comparing efficacy and 

toxicity of the different strategies used. The most com­

monly used regimens, such as DHAP (dexamethasone, 

cytarabine, cisplatin) [17], ICE (ifosfamide, carboplatin, 

etoposide) [18], ESHAP (etoposide, methylpredniso­

lone, high‐dose cytarabine, and cisplatin) [19], and 

IGEV (ifosfamide, gemcitabine, vinorelbine) [20], have 

been shown to be effective in reducing bulky disease, 

mobilizing stem cells into the peripheral blood, and 

testing chemosensitivity before the high‐dose procedure.

A wide variety of HDC regimens has been used with 

ASCT for HL. No prospective clinical trials have been 

performed, although regimens have been compared 

retrospectively. HDC regimens are frequently divided 

into those that use total body irradiation (TBI) and 

those that contain only drugs. The use of TBI may be 

associated with increased pulmonary toxicity, particu­

larly in patients who have received prior mediastinal 

irradiation. Spanish registry results showed that the 

use of TBI‐containing regimens prior to ASCT was 

associated with a significantly higher risk of trans­

plant‐related mortality [21], basically related to a 

higher incidence of secondary malignancies after the 

autologous procedure.

One of the most common HDC regimens used prior to 

ASCT is the CBV (cyclophosphamide, carmustine, 

etoposide) regimen developed at the M.D. Anderson 

Cancer Center. The original CBV regimen has been modi­

fied and individual institutions have used widely differing 
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schedules. No prospective trials have examined whether 

variations in the CBV regimen lead to different outcomes, 

although higher doses of carmustine have been associated 

with an increased risk of pulmonary toxicity, particularly 

in patients who have received prior chest irradiation. 

Another HDC regimen is the BEAM protocol, which was 

developed by investigators from London and has also 

been widely modified. Retrospective analyses have failed 

to show significant differences in survival when CBV‐type 

and BEAM‐type were compared [22,23].

Can we improve the results of an 
autologous transplantation procedure?
The GHSG developed a sequential HDC protocol that 

was used before the transplant conditioning itself [24]. 

Treatment consisted of two cycles of DHAP to reduce 

tumor burden. Patients achieving a complete or partial 

remission went on to receive an HDC program including 

high‐dose cyclophosphamide (4 g/m2 i.v.), metho­

trexate (8 g/m2 i.v.), vincristine (1.4 mg/m2 i.v.), and 

etoposide (2 g/m2 i.v.). Patients were then autografted 

using BEAM. Response rate after the final evaluation 

was 80%. FFTF and OS for patients with early relapse 

were 62% and 78%, respectively, and for patients with 

late relapse 63% and 79%, respectively. These promising 

results prompted the GHSG to develop a prospective 

Phase III clinical trial that randomized the conventional 

salvage approach (DHAP ×2 cycles plus ASCT) com­

pared to DHAP plus high‐dose sequential protocol plus 

ASCT. Interestingly, there were no significant differ­

ences in terms of PFS, FFTF, or OS between the study 

arms [13]. Potential reasons to explain the lack of effec­

tiveness of this more intensive procedure were the 

higher toxicity of the intensive arm, the increased 

length to reach the transplantation procedure, as well as 

the significantly higher percentage of patients in the 

intensive arm who were not able to receive 100% of the 

expected chemotherapy dose.

Tandem ASCT has also been explored in a limited 

number of nonrandomized studies in order to improve 

results in those patients with adverse prognostic factors 

at the time of relapse. In the H96 trial [25], with 245 HL 

patients included, tandem ASCT was used in patients 

with two or more adverse factors (time to relapse <12 

months, stage III or IV at relapse, and relapse within 

previously irradiated sites) and single BEAM‐

conditioned ASCT in the intermediate‐risk group (up to 

one adverse prognostic factor). The 5‐year freedom 

from second failure and OS estimates were 73% and 

85%, respectively, for the intermediate‐risk group and 

46% and 57%, respectively, for the poor‐risk group. 

With this data, tandem ASCT cannot currently be rec­

ommended outside of clinical trials, although long‐term 

outcome of patients with adverse prognosis disease 

seems better when treatment includes two cycles of 

HDT and ASCT.

Allogeneic hematopoietic stem cell 
transplantation for Hodgkin 
lymphoma

Compared to the number of autologous transplants, 

few patients with HL have undergone an allo‐SCT 

(Figure  18.1). One of the major obstacles was the 

unfavorable outcome of allo‐SCT in patients with HL 

reported in all early series. Two large registry‐based 

studies gave disappointing results regarding the role of 

myeloablative allo‐SCT in the high nonrelapse 

mortality (NRM) of the procedure. A total of 100 HL 

patients allografted from HLA‐identical siblings were 

reported by the International Bone Marrow Transplant 

Registry (IBMTR) [26]. The 3‐year‐rates for OS, DFS, 

and probability of relapse were only 21%, 15%, and 

65%, respectively. Major problems were persistent or 

recurrent disease or respiratory complications, which 

accounted for 35–51% of deaths. A case‐matched 

analysis including 45 allografts and 45 autografts 

reported to the EBMT [27] did not find significant 

differences in actuarial probabilities of OS, PFS, and 

relapse rate (RR) between allo‐SCT and ASCT (25%, 

15%, and 61% vs. 37%, 24%, and 61%, respectively). 

NRM at 4 years was significantly higher for allografts 

than for autografts (48% vs. 27%). A potential bene­

ficial effect of allo‐SCT was not discernible at this 

point as results of both studies were hampered by an 

exceedingly high NRM.

Nonetheless, RR after allo‐SCT compared favorably 

with that after ASCT in most instances and gave rise to 

speculations that there may be a GVHL effect similar to 

what had been described as the graft‐versus‐leukemia 

effect in the early 1980s. Reduced‐intensity condi­

tioning (RIC) became clinical practice in the mid 1990s. 

It has certainly been a major factor in the constant rise 

in the number of patients undergoing allo‐SCT for HL in 

recent years.



Figure 18.1  Allogeneic stem cell transplants for relapsed/refractory Hodgkin lymphoma: a) evolution of allogeneic stem cell 

transplantation over time; b) myeloablative conditioning (MAC) vs. reduced‐intensity conditioning (RIC) regimens in allogeneic 

stem cell transplantation recipients; c) evolution of cord blood transplants (CBT) and haploidentical transplants (haplo‐SCT) over 

time. The experience of the Lymphoma Working Party (LWP) of the European Society for Blood and Marrow Transplantation 

(EBMT) (personal communication).
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The EBMT was the first group to retrospectively 

compare the outcomes after reduced‐intensity or 

myeloablative conditioning in patients with relapsed/

refractory HL [28] (Figure  18.2). NRM was signifi­

cantly decreased in the RIC/allo‐SCT group (23% vs. 

46% at 1 year). The development of chronic graft‐

versus‐host disease (GVHD) decreased the incidence 

of relapse after transplantation, which translated into 

a better PFS and OS. This analysis indicated that RIC/

allo‐SCT was able to reduce NRM and improve the 

long‐term outcome of these patients.

Allogeneic transplantation in patients 
failing after an ASCT
Allo‐SCT has basically been used in ASCT failures. 

Unfortunately, the information we have in this setting is 

based on Phase II prospective clinical trials that include 

reduced numbers of patients with short follow‐up. In 

addition, the transplantation procedure is heterogeneous 

among different studies and comparisons are impossible 

to perform (Table 18.1). There are no Phase III randomized 

prospective clinical trials comparing the role of allo‐SCT 

ahead of other therapeutic strategies in this setting.
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Figure 18.2  Nonrelapse mortality after allogeneic stem‐cell transplantation (allo‐SCT) for Hodgkin lymphoma according to the type 

of conditioning regimen, based on a Cox model. From Sureda et al. [28]. Reproduced with permission of American Society of 

Clinical Oncology.

Table 18.1  Review of outcomes of reduced‐intensity allogeneic stem cell transplantation for relapsed/refractory Hodgkin 
lymphoma.

No. of patients Chemosensitivity (%) PFS (%) OS (%) NRM (%) RR (%)

Robinson et al. (2002) [62] 52 67 42 (2 years) 56 (2 years) 17 (2 years) 45 (2 years)

Peggs et al. (2005) [8] 49 67 39 (4 years) 55 (4 years) 15 (2 years) 33 (4 years)

Alvarez et al. (2006) [31] 40 50 32 (2 years) 48 (2 years) 25 (1 year) NA

Todisco et al. (2007) [63] 14 57 25 (2 years) 57 (2 years) 0 NA

Corradini et al. (2007) [64] 32 62 NA 32 (3 years) 3 (3 years) 81 (3 years)

Anderlini et al. (2008) [41] 58 52 20 (2 years) 48 (2 years) 15 (2 years) 61 (2 years)

Devetten et al. (2009) [42] 143 44 20 (2 years) 37 (2 years) 33 (2 years) 47 (2 years)

Robinson et al. (2009) [29] 285 59 29 (4 years) 25 (4 years) 19 (1 year) 53 (3 years)

Sureda et al. (2012) [32] 92 67 24 (4 years) 43 (4 years) 15 (1 year) 59 (4 years)

PFS, progression‐free survival; OS, overall survival; NRM, nonrelapse mortality; RR, relapse rate; NA, not available.
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The LWP of the EBMT has also reported the largest 

retrospective analysis looking at 285 multiply relapsed 

HL patients [29]; 47 patients (17%) were in CR, 123 

patients (43%) had chemosensitive disease, and 115 

patients (40%) had chemoresistant disease. The NRM 

was 12% at 100 days, 20% at 12 months, and to 22% 

at 3 years; refractory disease was significantly associ­

ated with a higher NRM. The 2‐year PFS was 29% and 

it was also significantly worse for patients with 

chemoresistant disease (P < 0.001). Development of 

either acute or chronic GVHD was associated with a 

lower RR. A total of 40 patients with relapsed/

refractory HL undergoing RIC/allo‐SCT from an HLA‐

identical sibling (N = 20) or a matched unrelated 

donor (N = 20) were reported by Anderlini et al. [30]. 

The 2‐year OS and PFS were 64% and 32%, respec­

tively; the 2‐year projected risk of disease progression 

was 55%. There was a trend for the response status 

prior to allo‐SCT to favorably impact PFS (P = 0.07) 

and disease progression (P = 0.049), but not OS. 

Partial responders and patients with stable refractory 

disease did similarly with regard to OS and PFS. 

Response rate 3 months after the allo‐SCT was 67% in 

the Spanish experience [31]; 40 HL patients with 

multiply relapsed disease and adverse prognostic 

factors were treated with intravenous fludarabine 

(150 mg/m2) and melphalan (140 mg/m2) with cyclo­

sporine A and methotrexate as GVHD prophylaxis. 

The 2‐year OS and PFS were 48% and 32%, respec­

tively. Refractoriness to chemotherapy was the only 

adverse prognostic factor for both OS and PFS. The in 

vivo T‐cell depletion with alemtuzumab was the basis 

of the RIC protocol used by the UK Cooperative Group 

[8]. NRM was 16% at 2 years and projected 4‐year OS 

and PFS were 56% and 39%, respectively. Finally, the 

largest Phase II trial including 78 patients with 

multiply relapsed HL and with adverse prognostic 

factors has been a joint effort of the Spanish Group 

for  Lymphomas and Stem Cell Transplantation 

(GELTAMO) and the LWP of the EBMT [32]. Median 

follow‐up of the whole series was 4 years. NRM was 

8% at 100 days and 15% at 1 year. Relapse was the 

major cause of failure. Patients that were allografted 

in CR had a significantly better outcome. PFS was 

48% at 1 year and 24% at 4 years and OS 71% at 1 

year and 43% at 4 years (Figure 18.3). Chronic GVHD 

was associated with a lower relapse incidence and a 

better PFS.

Allo‐SCT has been retrospectively compared with 

other treatment strategies; the UK group identified a 

group of patients who had relapsed following a BEAM 

autograft who were chemosensitive at relapse and had 

survived at least 12 months from relapse and who 

would therefore have been eligible for a reduced‐inten­

sity transplant [33]. This was a highly selected group, 

representing 44% of all relapses who were predicted to 

have the best survival. These conventionally treated 

patients were compared to more recently treated ones 

who received a reduced‐intensity allograft. OS from 

time of diagnosis and time of autograft were signifi­

cantly improved following allo‐SCT, when compared to 

the historical control group. The estimated current PFS 

for the allografted patients was 34% at 5 years and 

42% if in chemosensitive relapse at the time of trans­

plant, suggesting the early promising results might 

translate into a favorable long‐term outcome. A 

recently published study had similar outcomes and 

showed an advantage for allogeneic transplant over 

chemotherapy alone in patients with poor‐risk HL who 

had relapsed following ASCT [34].

The role of dose intensity in the 
conditioning regimen of an allogeneic 
transplant
RIC regimens have allowed allo‐SCT to be performed 

more safely; relapse is now the commonest cause of 

treatment failure. Conditioning intensity/anti‐lymphoma 

activity may be an important factor in determining RR. 

Some of the truly nonmyeloablative regimens have been 

associated with particularly high RR values [35,36]. This 

concept of regimen intensity being important is also sup­

ported by the EBMT analysis, which showed an RR of 

32% following myeloablative conditioning compared to 

58% with RIC regimens [28]. Furthermore, within the 

RIC group, there was a higher RR and lower OS in 

patients who were conditioned with low‐dose TBI, which 

is one of the regimens with the least toxicity (P < 0.04). 

Other studies have also shown a better outcome using 

more intensive regimens like the combination of fludara­

bine and melphalan when compared to less intensive 

regimens [30] and the BEAM–alemtuzumab regimen has 

also been demonstrated to give good disease control in the 

medium term [37]. An EBMT retrospective analysis 

performed in children and adolescents [38] indicated that 

RIC protocols give at the end a poorer outcome because 

the decreased NRM seen in this setting is not able to 
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counterbalance the higher RR after the transplant. In this 

sense, efforts should be made to try to personalize the 

conditioning regimen, taking into consideration the 

clinical characteristics of the patients. Recently, the LWP 

of the EBMT has undertaken a second retrospective 

analysis comparing long‐term outcome of patients with 

HL undergoing a myeloablative allo‐SCT (N = 99) and 

those receiving RIC/allo‐SCT (N = 215) in recent years, 

from January 2006 to December 2010 (S. Stavrik, 

personal communication). With a median follow‐up of 34 

months, NRM did not show significant differences 

between both groups of patients (11% at 36 months), RR 
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was significantly higher in the RIC group (55% vs. 40% at 

36 months, P = 0.05) giving a significant advantage in 

terms of PFS for the myeloablative group (50% vs. 33% 

at 36 months, P = 0.02) with no differences in OS (53% 

vs. 50% at 36 months).

Moving allogeneic transplantation to 
earlier phases of the disease
The more recent investigation of a response‐adjusted 

transplantation algorithm identifies a further potential 

strategy for evaluation of allo‐SCT in those deemed to 

be at high risk of failure of ASCT, targeting the intensifi­

cation to those who have residual FDG‐avid disease 

following salvage therapy [39]. The 3‐year PFS of 68% 

in this high‐risk group was encouraging, with 80% 

current PFS following donor lymphocyte infusion (DLI). 

Such approaches may require refinement according to 

delineation of number of lines of salvage, and according 

to the outcome of prospective studies evaluating main­

tenance strategies following ASCT and it is recommended 

that they be evaluated within the context of prospective 

national studies. These results have constituted the basis 

for a Phase II prospective clinical trial (CRUK‐PAIReD, 

EUDRACT‐2008‐004956‐60) already closed for recruit­

ment that is analyzing long‐term outcome of relapsed/

refractory HL patients who do not achieve a metabolic 

CR with first‐line salvage chemotherapy and undergo 

an allo‐SCT with BEAM protocol as conditioning reg­

imen and the use of Campath 1H as GVHD prophylaxis. 

Final results of this trial are eagerly awaited by the 

transplant community.

Do we have any evidence of a GVHL effect?
Despite the theoretical reliance of reduced‐intensity 

transplantation on a GVHL effect, there are relatively 

few studies which convincingly demonstrate this 

activity in HL. In the context of RIC transplantation, 

there is some evidence of a reduction in relapse in 

association with GVHD.

The most convincing evidence of GVHL activity in 

HL comes from the use of DLI to treat patients who 

relapse following allo‐SCT (Table 18.2). Response rates 

to DLI have been reported to be between 15 and 60%, 

with complete responses seen in around 30% of 

patients. Many of these patients had received 

concurrent chemotherapy or radiotherapy but 

responses have been seen to DLI alone and some of 

these have been durable. There appears to be a higher 

response rate in the UK series and it is not known 

whether the high incidence of mixed chimerism seen 

in patients who received Campath 1H promotes GVHL 

responses as it does in some animal models. The 

optimal T‐cell dose for GVHL remains unclear, although 

many groups use an escalating dose schedule to try to 

reduce the risk of severe GVHD. Unlike follicular lym­

phoma, there is preliminary evidence that in relapsed 

HL, GVHL responses are unlikely in the absence of 

GVHD. However, when DLI is given for mixed chime­

rism, there appears to be a GVHL effect that is 

independent of GVHD [40]. Although the DLI responses 

are impressive in some patients, the majority of patients 

will not achieve long‐term benefit from DLI and further 

study is needed to optimize this potential effect.

Increasing the pool of donors for HL 
patients having an allo‐SCT
In Europe and North America, only around one‐third of 

patients will have an HLA‐matched sibling donor, so the 

use of alternative donors is essential to expand the 

number of patients eligible for the procedure. The 

advent of molecular techniques has improved the 

accuracy of tissue typing reports but the associated 

increase in HLA polymorphism has made finding an 

exact molecularly matched donor more difficult. 

However, the continual increase in unrelated donor 

numbers, the availability of cord blood, and the use of 

T‐cell depletion has allowed a rise in the number of 

alternative donor transplants performed.

Although the number of published studies using 

unrelated donors remains limited at present, the 

Table 18.2  Review of response rates after donor lymphocyte 
infusions.

No. of 

patients

RR (%) No. of patients 

receiving DLI

ORR (%)

Alvarez et al. 

(2006) [31]

40 NA 11 54

Anderlini et al. 

(2008) [41]

58 61 (2 years) 14 43

Peggs et al. 

(2011) [40]

76 33 (4 years) 24/31 79

Sureda et al. 

(2012) [32]

92 59 (4 years) 20/40 50

RR, relapse rate; DLI, donor lymphocyte infusion; ORR, overall 
response rate; NA, not available.
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transplant outcomes appear similar to those using 

sibling donors [8,28,41,42]. Not surprisingly, rates of 

GVHD may be higher and many groups have used T‐cell 

depletion strategies with either alemtuzumab or anti­

thymocyte globulin to reduce the incidence of this 

complication. Interestingly, unrelated donor transplants 

in patients with HL appear to have a similar OS and PFS 

to sibling donor transplants [8,28]. Therefore, given the 

lack of effective therapeutic options for patients who 

relapse post autologous transplantation, consideration 

of an unrelated allogeneic transplant is mandatory.

The published experience with cord blood donors in 

HL is much more limited but may be feasible [43,44]. 

A Eurocord–Netcord study showed a 30% PFS at 1 

year in patients with relapsed HL [45]. A recently 

published French study showed that use of a cord 

blood donor was associated with inferior survival 

[46]. Longer‐term follow‐up of these patients will 

obviously be necessary to determine whether the 

GVHL activity of the cord blood obviates the need for 

post‐transplant DLI. Finally, haploidentical donors 

have been used in small series indicating that this may 

also be a useful donor source, although follow‐up is 

too short to determine the long‐term impact of this 

approach [36,47]. Raiola et al. [47] recently published 

the results of a group of 26 multiply relapsed HL 

patients treated with a related HLA haploidentical 

allo‐SCT, following RIC conditioning with low‐dose 

TBI, as proposed by the Baltimore group. GVHD pro­

phylaxis consisted of high‐dose post‐transplantation 

cyclophosphamide, mycophenolate, and a calcineurin 

inhibitor. The incidence of grade II–IV acute GVHD 

and of chronic GVHD was 24% and 8%, respectively. 

With a median follow‐up of 24 months, 21 patients 

were alive and 20 disease‐free. Cumulative incidences 

of NRM and relapse were 4% and 31%, respectively, 

and actuarial 3‐year OS and PFS 77% and 63%, respec­

tively. These preliminary results have significantly 

increased the interest in performing haploidentical 

allo‐SCT in this setting.

Post‐transplantation disease 
monitoring for Hodgkin lymphoma

Follow‐up of patients with HL after an ASCT is based on 

medical visits, physical examinations, and basic analysis. 

Many centers also include computed tomography (CT) 

scan every 6 months or every year up to 5 years after 

the ASCT. Nevertheless, there is no universal consensus 

regarding this latter point. PET/CT is not routinely 

recommended after an ASCT. The role of PET/CT in 

patients with HL is clearly established at diagnosis and at 

the end of treatment but not after an intensive 

procedure. As already discussed, PET positivity before 

an ASCT is an adverse prognostic factor for the long‐

term outcome of the procedure [14–16].

Disease monitoring after an allo‐SCT should follow 

the same guidelines already described for the autolo­

gous setting. In a prospective study of 80 patients 

undergoing RIC/allo‐SCT, pretransplantation PET 

status had no significant impact on either RR or OS; 

34 relapses were observed, of which 17 were PET‐

positive with a normal CT scan at relapse. DLIs were 

administered in 26 episodes of relapse and were 

guided by PET alone in 14 patients. Post‐transplant 

surveillance PET allowed early treatment of patients 

otherwise CT negative [48].

Management of relapses after 
transplantation for Hodgkin 
lymphoma

Relapses after ASCT
Despite the use of ASCT in patients with primary 

refractory or relapsed disease, up to 50% of patients will 

ultimately relapse after ASCT. These patients are likely 

incurable with standard therapies. Some of these 

patients can be considered candidates for an allo‐SCT 

(young patients with a HLA‐compatible donor and with 

chemosensitive disease). The possibility of using “new” 

drugs such as brentuximab vedotin as salvage therapy 

for patients relapsing after an ASCT will potentially 

increase the candidates for an allogeneic procedure due 

to the high percentage of objective responses and the 

low toxicity profile of the drug. On the contrary, some 

patients might not consider allo‐SCT as a treatment 

option due to transplantation side effects and the 

possibility of attaining a durable CR with brentuximab 

vedotin and will eventually be retreated with the drug if 

they suffer relapse or disease progression. Some patients 

achieve good outcomes following a second autologous 

transplant; these patients represent a highly selected 

group who relapsed more than 3 years post first auto­

logous transplant [49].
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However, in a considerable number of cases, the 

treatment plan will not be curative. In the noncurative 

setting, there are many conventional agents that may 

be used in sequence or combination to provide disease 

control; gemcitabine and vinblastine are frequently 

used [50,51]. It would be more appealing to use novel 

agents that exploit alternative mechanisms of action 

because patients have already been exposed to 

multiple standard agents. Brentuximab vedotin has 

shown excellent results administered as a single drug 

at a dose of 1.8 mg/kg i.v. every 3 weeks in this setting 

[52]. A pilot study of the monoclonal anti‐CD20 anti­

body rituximab has shown a response rate of 22% in 

classic HL and was associated with resolution of B 

symptoms [53]. Additional data suggest several classes 

of agents –histone deacetylase inhibitors, mammalian 

target of rapamycin inhibitors, and immunomodula­

tory agents – are potentially worthy of further study in 

relapsed/refractory HL [54–56]. Other principles to 

follow for patients relapsing after an ASCT in the 

palliative setting are involved or extended field radia­

tion if the disease is localized, other investigational 

agents or inclusion in prospective clinical trials if 

possible, and sequential single‐agent chemotherapy 

for patients with advanced stage and/or significant 

comorbidities. In any case, patient preference should 

also be an important factor in clinical decision‐making.

Relapses after an allo‐SCT
Disease relapse is the leading cause of treatment failure in 

patients with HL treated with an allo‐SCT, with relapse 

rate increasing from 45 to 55%. There are no standard 

treatment options for patients failing an allo‐SCT. If the 

patient does not have active GVHD and has already 

stopped immunosuppressive therapy, DLI has been 

extensively used. Although a significant proportion of 

patients achieve a complete or partial remission with DLI, 

only a small proportion of them are long‐term responders. 

An exception to the rule is those patients receiving 

alemtuzumab as part of the GVHD prophylaxis.

Brentuximab vedotin has also been used in the post‐

allo‐SCT setting as a single drug [57] or in combination 

with DLI. This latter approach has been reported by 

Theurich et al. [58] in four HL patients with disease 

relapse after an allo‐SCT who showed marked clinical 

and metabolic responses with a median duration of 

disease control of at least 349 days after treatment 

initiation, still ongoing in three of them.

The bifunctional alkylator bendamustine hydro­

chloride may be considered an attractive agent for use 

in this clinical setting because of a variety of mecha­

nistic differences compared to other alkylating agents 

employed in HL. Anastasia et al. [59] have reported 

on the use of bendamustine as single agent in 67 HL 

patients with a median age of 34 years who had failed 

either an ASCT (N = 45, 67%) or an autologous/allo­

geneic SCT (N = 22, 33%). Bendamustine was admin­

istered at 90 or 120 mg/m2 on days 1 and 2 of each 

28‐day cycle for a median of three cycles. The overall 

response rate (ORR) for the 67 patients was 57%. 

After a median follow‐up of 13 months, PFS was 49% 

and OS was 70% at 1 year; 49 (73%) patients sur­

vived and 18 (27%) patients died. Bendamustine has 

also been combined with DLI in a small group of 

patients.

Patients relapsing after an allo‐SCT represent a clear 

unmet need. Patient performance status and comorbidi­

ties as well as patient preference should also be considered 

important factors in clinical decision‐making.

Novel therapies and their integration 
in transplantation for Hodgkin 
lymphoma

CD30 is a member of the tumor necrosis factor cell 

receptor superfamily that is highly expressed in Reed–

Sternberg cells, but with highly restricted expression in 

normal cells. After several failed attempts to develop 

naked anti‐CD30 antibody therapy, remarkable progress 

was achieved by conjugating the naked antibody SGN30 

to antitubulin monomethyl auristatin E to generate the 

antibody–drug conjugate brentuximab vedotin (BV). 

BV represents the only so‐called “new” drug that has 

entered the market in the HL arena. It has been granted 

approval by both the Food and Drug Administration 

(FDA) and the European Medicines Agency (EMA) for 

those patients with HL who relapse after an ASCT and 

for those patients failing at least two lines of chemo­

therapy and who are not being considered candidates 

for an intensive procedure. The interesting results seen 

in the Phase I trial with BV as a single drug in CD30‐

positive hematologic malignancies led to a Phase II trial 

that evaluated the efficacy and safety of BV (1.8 mg/kg 

by intravenous infusion every 3 weeks up to a maximum 

of 16 cycles) in 102 patients with relapsed or refractory 
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HL after ASCT [60]. ORR was 75%, with a 34% CR. The 

median PFS for all patients was 5.6 months, and the 

median duration of response for those in CR was 20.5 

months. After a median observation time of more than 

1.5 years, 31 patients were alive and free of documented 

progressive disease. The drug was quite well tolerated, 

the most common treatment‐related adverse events 

being peripheral sensory neuropathy, nausea, fatigue, 

neutropenia, and diarrhea. Similarly, BV resulted in an 

ORR of 71% and a CR of 34% in 14 transplantation‐

naive patients, resulting in a 56% conversion rate to 

transplantation eligibility after therapy.

BV is being used in the pre‐allo‐SCT setting, as a 

“bridge to allo,” and in the post‐allogeneic setting to treat 

patients with relapsed/progressive disease after the allo­

geneic procedure. Chen et al. [61] have recently published 

their experience with 18 patients with multiply relapsed 

HL undergoing RIC/allo‐SCT after being treated with BV 

as salvage therapy. NRM and acute and chronic GVHD 

incidence after the allogeneic procedure were not signifi­

cantly different from that previously described. Although 

median follow‐up was only 12 months, PFS was 100%. A 

retrospective analysis comparing outcomes after allo‐SCT 

in relapsed/refractory HL patients who received BV and 

underwent RIC allo‐SCT versus those who did not receive 

BV and still underwent RIC allo‐SCT also found that the 

administration of BV as a bridge to transplant significantly 

increased the  percentage of patients achieving a CR 

before the procedure, thus improving the comorbidity 

index of the patients before the procedure, decreasing 

NRM, RR after the procedure, and improving the overall 

outcome of the patients. The widespread use of BV in 

patients with HL relapsing after an ASCT will most cer­

tainly change the treatment paradigm of this subgroup of 

patients, either by allowing some patients to avoid the 

allogeneic procedure or by increasing the pool of poten­

tial candidates for allogeneic transplant and thus acting as 

a “bridge to allo.” Additional information on long‐term 

outcome of patients being treated with this drug or the 

development of prospective clinical trials in this setting 

will most probably shed some light on this question.

HL relapsing after an allo‐SCT represents a major 

clinical challenge. Gopal et al. [57] have used BV in 25 

HL patients with recurrent disease after allo‐SCT. 

Patients were over 100 days after allo‐SCT, had no 

active GVHD, and received a median of nine prior regi­

mens. Patients received BV 1.2 or 1.8 mg/kg i.v. every 3 

weeks (median, eight cycles; range, 1–16). Overall and 

complete response rates were 50% and 38%, respec­

tively, among 24 evaluable patients. Median time to 

response was 8.1 weeks, median PFS was 7.8 months, 

and median OS was not reached.

Finally, BV is also being integrated in the ASCT setting 

with the objective to improve PET‐negative CR rates 

before the procedure or to decrease the relapse rate after 

ASCT. Patients with relapsed/refractory HL who had failed 

one prior regimen were enrolled in a Phase II clinical trial, 

receiving weekly BV followed by PET. Patients who 

achieved normalization of PET proceeded to ASCT while 

patients with PET scores of Deauville 3 or higher received 

two cycles of augmented ICE prior to consideration for 

ASCT. In a preliminary analysis recently presented that 

included 28 evaluable patients, this therapeutic approach 

was able to produce high CR rates, adequate stem cell 

collection, and facilitated referral to ASCT for virtually 

all patients. The AETHERA Trial (NCT01100502) is a 

randomized, double‐blind, placebo‐controlled Phase III 

study of SGN‐35 and best supportive care versus placebo 

and best supportive care in the treatment of patients at 

high risk of residual HL following ASCT. This trial is closed 

for recruitment. Positive results for the experimental 

arm will indicate the potential for using maintenance 

therapy in this subset of high‐risk HL patients.
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Indication for transplantation in  
T‐cell lymphoma

Peripheral T‐cell lymphomas (PTCLs) represent a rare 

subtype of non‐Hodgkin lymphoma (NHL) that includes 

several diseases derived from mature T lymphocytes and 

natural killer (NK) cells. Consequently, patients affected 

by PTCL have been historically treated as those affected 

by B‐cell NHL [1]. Unfortunately, with the exception of 

anaplastic lymphoma kinase (ALK)‐positive large cell 

lymphoma (ALCL), PTCL response to CHOP (cyclophos­

phamide, doxorubicin, vincristine, prednisone) is much 

less satisfactory than that of B‐cell NHL, with high 

relapse rate and a 5‐year overall survival (OS) of about 

30% [2]. To improve the outcomes, hematopoietic stem 

cell transplantation (SCT) has been included in the 

therapeutic strategy of PTCL.

Prospective Phase II studies and retrospective 

analyses have investigated the role of SCT in PTCL, but 

randomized trials are lacking. The interpretation of the 

results of these studies is challenging for the following 

reasons:

1	 Multiple histologies were often analyzed together due 

to the rarity of this lymphoma subtype; in particular, 

most of the studies that we discuss enrolled nodal and 

extranodal PTCLs, but in some cases also adult T‐cell 

leukemia/lymphoma (ATLL) and cutaneous T‐cell 

lymphoma (CTCL) were included.

2	 Some analyses included both patients receiving trans­

plant in first or subsequent remission.

3	 Different pretransplant treatments and conditioning 

regimens were applied.

Taking into account these limitations, some indications 

can be driven by the available data.

Autologous stem cell transplantation (ASCT) has 

been studied at relapse or as consolidation of the first 

remission. Although consolidation in first remission 

remains an area of controversy, several institutional and 

national guidelines (European Society for Medical 

Oncology [3], British Committee for Standards in 

Haematology [4], SIE‐SIES‐GITMO [5]) recommend 

ASCT after induction chemotherapy in PTCL patients, 

excluding ALK‐positive ALCL and low‐risk disease 

(Table 19.1). In fact, ALK‐positive ALCL is a unique sub­

type of PTCL that carries a more favorable prognosis and 

response rates similar to those of diffuse large B‐cell 

lymphoma (DLBCL) after conventional chemotherapy. 

Patients with ALK‐positive status have already shown a 

significant superior outcome with ASCT, either as front‐

line or salvage therapy, compared to other PTCL sub­

types [6–8]. It is questionable, particularly in low‐risk 

ALK‐positive ALCL, whether ASCT upfront can further 

improve the outcome compared to standard chemo­

therapy alone, but prospective studies addressing this 

point are lacking. With regard to patients with ALK‐

negative ALCL treated with ASCT, as consolidation, 

they seem to have a better outcome compared to other 

histologic subtypes [9–12].

In order to identify high‐risk patients the International 

Prognostic Index (IPI) was applied and shown to be 

predictive also for patients affected by T‐cell NHL [13]. 

Other prognostic score systems were designed and 

validated in retrospective studies such as the Prognostic 

Index for PTCL (PIT score) and, more recently, a 

Peripheral T‐cell lymphomas
Giulia Perrone, Chiara De Philippis, Lucia Farina and Paolo Corradini

Chapter 19



188      Clinical Guide to Transplantation in Lymphoma

prognostic index that takes into account the expression 

of Ki‐67 protein [14,15]. In general, a high‐risk score 

(PIT score or IPI ≥2) can identify those patients who 

may benefit from a consolidation strategy with ASCT.

There are limited data on the use of allogeneic 

(allo)‐SCT in patients with PTCL, as upfront therapy. 

Because of the poor prognosis of the disease, it 

might have a role  in particular settings, but allo‐SCT 

Table 19.1  Guideline recommendations.

British Committee for Standards in 

Haematology [4]

European Society for Medical 

Oncology [3]

SIE‐SIES‐GITMO [5]

First‐line therapy

PTCL‐NOS

CHOP remains the standard therapy. 

Consolidation with ASCT should be 

considered

AITL

Outside a clinical trial, CHOP or FC would be 

considered standard therapy. Consolidation 

with ASCT should be considered

ALCL

Patients with limited stage ALCL and no 

adverse prognostic features by IPI should 

be treated with three to four cycles of 

CHOP chemotherapy and involved‐field 

radiotherapy. All other patients should 

receive six to eight cycles of CHOP 

chemotherapy. ALK‐negative patients 

should be treated as for PTCL‐NOS

EATL

CHOP‐like therapy, with or without 

upfront autograft is the standard approach 

outside trial, but evidence of efficacy is 

lacking and adoption of a more intensive 

approach, such as NCRI/SNLG protocol, is 

a reasonable option in fitter patients

First‐line treatment of all T‐cell NHL subtypes 

should be based on anthracycline‐containing 

regimens such as CHOP/CHOEP and CHOP‐

like regimens. An exception to this 

assumption could probably be made for EATL 

that has been treated with a specific regimen 

according to the Scottish Lymphoma Group. 

For patients with poor‐risk T‐cell NHL (IPI or 

PIT ≥2) with chemosensitive disease (in CR or 

PR), after induction chemotherapy ASCT 

should be delivered

In patients aged 65 years or younger, with 

nodal, intestinal, or hepatosplenic T‐cell 

lymphomas, except for ALK‐positive ALCL, 

six courses of CHOP or CHOEP (induction 

phase) followed by ASCT (consolidation 

phase) is the recommended therapy. For 

ALK‐positive ALCL patients with an IPI 

score <3, the induction phase with CHOP 

or CHOEP for six courses without the 

consolidation phase is recommended. For 

patients older than 65 years, CHOP or 

CHOP‐like regimens are the first 

therapeutic options. In patients fit for 

intensive chemotherapy, the approach 

used in the younger patient can be 

considered

Relapsed or refractory disease

PTCL

Relapsed or refractory disease should be 

treated with relapse‐schedule 

chemotherapy 

and considered for allo‐SCT

AITL

Consolidation with ASCT should be 

considered for chemosensitive diseases 

after relapse if not already used in first 

remission

Second‐line treatment of refractory/relapsed 

T‐cell NHL should contain one or more 

among the following drugs: platinum, 

gemcitabine. ASCT should be considered for 

relapsed/refractory PTCL‐NOS, ALK‐negative 

ALCL and AITL. Allo‐SCT in relapsed/

refractory T‐cell NHL (PTCL‐NOS, ALK‐

negative ALCL, and AITL) proved to be the 

only curative treatment of this patient subset 

(by retrospective studies). Refractory or 

relapsed T‐cell NHL should be enrolled, 

whenever possible, in Phase I or II prospective 

clinical trials aimed at exploring the efficacy 

of new drugs that have shown activity in 

preclinical studies

In patients with refractory or relapsed 

PTCL (excluding ALCL), platinum‐based, 

ifosfamide‐based, gemcitabine‐containing 

chemotherapy, pralatrexate, romidepsin, 

or bendamustine are the recommended 

therapies.The current evidence does not 

allow a choice among these agents. In 

refractory or relapsed ALCL, brentuximab 

should be preferred. Patients with 

chemosensitive disease should receive 

consolidation with allo‐SCT. In the 

absence of a donor, ASCT can be used. In 

nontransplant eligible patients, novel 

agents should be recommended, but 

these therapies should be considered as 

experimental and should be done within 

clinical trials
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upfront has to be evaluated only in the context of 

clinical trials.

Regarding treatment of relapsed or refractory disease, 

patients responding to further therapy are usually con­

sidered for SCT. Whether ASCT or allo‐SCT should be 

preferred remains a critical issue, at least in those 

patients who have received only conventional chemo­

therapy during the first line. Comparative studies of 

ASCT versus myeloablative allo‐SCT failed to demon­

strate a survival benefit of allo‐SCT due to the higher 

nonrelapse mortality (NRM), but they showed a lower 

relapse rate suggesting the existence of the so‐called 

graft‐versus‐lymphoma (GVL) effect in PTCL [6,16]. 

Reduced‐intensity conditioning (RIC) regimens could 

be offered as an alternative to conventional high‐dose 

chemoradiotherapy in order to reduce organ toxicity 

and NRM [17,18]. The benefit of allo‐SCT has been 

demonstrated by the survival curves, which usually 

reach a plateau after 24–36 months, suggesting the 

potential curability of about 40–50% of relapsed and 

refractory T‐cell NHL patients [6,19–22]. Therefore, RIC 

allo‐SCT can be considered a therapeutic option in the 

setting of relapsed PTCL.

Timing and preparation of 
patients for transplantation  
in T‐cell lymphoma

ASCT should be offered to eligible patients achieving at 

least a partial response (PR) after induction treatment 

and it could be considered in those patients with a che­

mosensitive relapse who did not receive ASCT upfront. 

In the majority of prospective and retrospective studies, 

after four to six cycles of chemotherapy, responding 

patients received a mobilizing treatment in preparation 

for the subsequent ASCT. Interestingly, while bone 

marrow involvement at diagnosis recurs as an inde­

pendent predictor of negative outcome in at least two 

prospective studies, no study has confirmed its nega­

tive impact on outcome at the time of ASCT harvest 

[7,23]. We currently do not know if achieving complete 

remission (CR) versus PR, or normalized functional 

imaging (18F‐fluorodeoxyglucose positron emission 

tomography, FDG‐PET), before ASCT significantly 

improves long‐term outcome. Nevertheless, several 

studies have already shown that patients in CR at 

transplantation have a better long‐term outcome 

compared to patients achieving less than CR or less 

than PR [10,24–28].

In relapsed patients, an allo‐SCT should be considered 

as consolidation after salvage therapy, so the donor 

search should be started as soon as the relapse has been 

demonstrated in patients aged 65 years or younger. In 

the practical clinical setting, there are two main points 

to consider:

1	 The interval from diagnosis to the allogeneic 

procedure may significantly impair the results, sug­

gesting that allo‐SCT should be planned during the 

chemosensitive phase, as soon as the patient achieves 

CR or at least PR status.

2	 Since most of the patients eligible for an allo‐SCT 

have already failed ASCT, RIC regimens should be 

preferred; myeloablative regimens could probably be 

chosen in selected cases, such as in young fit patients 

with a low comorbidity score (HCT‐CI) not in CR at 

transplant or who do not receive high‐dose chemo­

therapy. In addition, the absence of effective 

alternative treatment suggests initiation of donor 

search for all young and fit patients achieving less 

than PR during first‐line treatment.

Autologous hematopoietic stem cell 
transplantation for T‐cell lymphoma

Front‐line autologous stem cell 
transplantation
Several Phase II prospective trials have suggested the 

benefit of upfront ASCT (Table  19.2). The Spanish 

Lymphoma/Autologous Bone Marrow Transplant Study 

Group (GELTAMO) initially published a retrospective 

analysis of 74 patients undergoing ASCT after achieve­

ment of CR with first‐line anthracycline‐based induction 

chemotherapy [11]. After a median follow‐up of 67 

months, 5‐year OS and progression‐free survival (PFS) 

were 68% and 63%, respectively, and the main cause of 

death was disease progression. In multivariate analysis 

only the PIT score was significantly associated with OS 

and PFS. Although data about ALK expression were 

lacking, patients affected by ALCL had a significantly 

better outcome than the others. The same authors pub­

lished the results of a prospective study in 26 high‐risk 

nodal PTCL patients excluding those with ALK‐positive 

ALCL [29]. The treatment plan included ASCT after 

four  cycles of Mega‐CHOP in patients who were 
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gallium‐scan negative after three courses and in those 

who were gallium‐scan positive but achieved a response 

after salvage therapy. After a median follow‐up of 3 

years, OS and PFS of the entire cohort were 73% and 

53%, respectively; 73% of the patients were autografted 

and they achieved 2‐year OS and PFS of 84% and 56%, 

respectively. The authors suggested that salvage treat­

ment before ASCT could rescue part of the primary 

resistant or early progressive patients.

An Italian multicenter Phase II prospective study 

employed high‐dose sequential chemotherapy followed 

by ASCT as first‐line treatment in 62 patients affected by 

high‐risk PTCL (stage III–IV and/or age‐adjusted IPI >1), 

including 19 ALK‐positive ALCL [10]. Similar to the 

GELTAMO results, on an‐intent‐to‐treat analysis only 

46 of 62 patients (74%) completed the whole program. 

Progressive disease during the induction phase was the 

main obstacle for proceeding to the autografting phase 

and the main reason for treatment failure. The high pro­

gression rate led to disappointing 12‐year OS and event‐

free survival (EFS) curves (34% and 30%, respectively). 

However, in the cohort of patients who underwent 

ASCT, the response rate was high; 89% of them reached 

CR, with a 12‐year disease‐free survival (DFS) curve 

projected at 55%. When patients with PTCL‐NOS (not 

otherwise specified) were in CR at transplant, EFS 

achieved 62% compared with 10% of those not in CR. 

In fact, the CR status remained a significant predictor of 

long‐term outcome in multivariate analysis, suggesting 

that consolidation of CR with ASCT offers a greater 

chance of long‐term survival. As with the Spanish data, 

patients with ALCL had the most favorable OS and EFS 

(62% and 54%, respectively, compared to 21% and 

18% in non‐ALCL).

More recently, the German group published the 

results of a prospective multicenter study employing 

myeloablative cyclophosphamide and total body irradi­

ation as the conditioning regimen for 83 ALK‐negative 

PTCL patients who were at least in PR after six CHOP 

cycles [30]. Similarly to the Italian and Spanish studies, 

34% of the patients did not complete the study protocol 

due to progressive disease. The estimated 3‐year OS was 

71% for patients who underwent ASCT compared to 

11% for those who did not. The PIT score was the only 

parameter correlated with survival.

To increase the number of patients undergoing trans­

plant in CR or at least PR, some trials have been designed 

with an intensive pretransplant phase [12,24]. In 2008, 

Mercadal et al. [24] reported a Phase II study on 41 

ALK‐negative PTCL patients who were treated with 

three CHOP cycles alternating with three ESHAP (eto­

poside, cytarabine, cisplatin, methylprednisolone) cycles 

and followed by ASCT. Only 59% of patients had che­

mosensitive disease and because of the high rate of 

severe hematologic toxicity and mobilization failure, 

only 41% eventually received ASCT. After a median 

follow‐up of 3.2 years, 4‐year OS and PFS were 39% 

and 30%, respectively, for the entire cohort. No 

difference in terms of OS was observed in patients in 

CR  who were candidates for ASCT, whether ASCT 

was  carried out or not, suggesting that achieving CR 

after induction significantly impacts OS. The Nordic 

Lymphoma Group designed a dose‐dense induction 

phase for 160 ALK‐negative PTCL patients; after 6 

courses of 2‐weekly CHOEP (cyclophosphamide, doxo­

rubicin, vincristine, etoposide, and prednisone) cycles, 

53% of the patients achieved CR and 72% could 

undergo ASCT at the last follow‐up [12]. The 5‐year OS 

and PFS were 51% and 44%, respectively. Anaplastic 

histology and IPI score had the major impact on 

outcome.

From the studies reported here several important 

messages emerge clearly: (i) approximately one‐third of 

patients display primary resistant or early progressive 

disease, consequently becoming ineligible for trans­

plant; (ii) treatment strategy including ASCT upfront 

can result in long‐term duration of response in chemo­

sensitive patients; (iii) to validate the results in larger 

cohorts of patients and with longer follow‐up, all ALK‐

negative PTCL patients should be enrolled in prospec­

tive trials including ASCT as first‐line treatment; and 

(iv) clinical protocols should be designed with an inno­

vative pretransplant phase in order to achieve the 

best  disease response before transplant and increase 

the number of patients able to be autografted.

Autologous stem cell transplantation in 
relapsed/refractory PTCL
A number of retrospective studies have been published 

on the use of ASCT as salvage treatment. GELTAMO 

reported the results of 123 patients who received an 

ASCT in the salvage setting; 5‐year OS and PFS were 

45% and 34%, respectively. In this analysis, having 

more than one factor of the adjusted IPI or a high β
2
‐

microglobulin at transplant were identified as adverse 

prognostic factors [25]. Moreover, PFS and OS of 



192      Clinical Guide to Transplantation in Lymphoma

patients in second or subsequent CR at transplant (35% 

and 57%, respectively) were superior to PFS and OS in 

those in more than second PR (23% and 33%) or with 

refractory disease (10% and 9%). In other retrospective 

studies [26,27], the importance of being in CR at the 

time of transplant, in order to achieve long‐term 

survival, was emphasized.

Some studies have focused on the different results 

between PTCL‐NOS and ALCL after ASCT for relapsed 

disease. The Toronto group compared relapsed and 

refractory PTCL patients with those affected by DLBCL, 

who were transplanted for the same indications over 

the same period; 3‐year OS and EFS were 48% and 

37%, respectively, for PTCL compared to 53% and 42%, 

respectively, for DLBCL [31]. A significantly different 

outcome has been demonstrated in patients with PTCL‐

NOS (3‐year EFS 23%) as compared to patients with 

ALCL who had a similar outcome to DLBCL. These 

results were in line with the data from a retrospective 

study from the Memorial Sloan‐Kettering Cancer 

Center of New York that reported a 5‐year PFS of 24% 

for relapsed or refractory ALK‐negative PTCL [32], 

whereas the better prognosis of ALCL after ASCT 

has  been confirmed by studies from northern Europe 

investigators [7,8].

In recent years, efforts have been made to define the 

role of ASCT in specific subtypes. Angioimmunoblastic 

T‐cell lymphoma (AITL) patients have a median survival 

of 18 months after conventional chemotherapy, with 

less than 50% of patients achieving CR. Federico et al. 

[33] retrospectively analysed 243 patients with AITL on 

behalf of the International Peripheral T‐cell Lymphoma 

Project. Only 17% of patients were treated with ASCT. 

The 5‐year OS of the whole population was 32%, con­

firming the poor outcome of AITL. A retrospective anal­

ysis by the European Society for Blood and Marrow 

Transplantation (EBMT) of 146 AITL patients demon­

strated an OS and PFS of 59% and 42% at 4 years after 

ASCT [28]. The PFS was higher in patients who received 

ASCT in CR, achieving 56% at 4 years, as compared to 

23% in cases of chemorefractory disease. Enteropathy‐

associated T‐cell lymphoma (EATL) is another very poor 

prognosis PTCL subtype, commonly correlated with 

celiac disease. Because of its rarity, very few data are 

available, mainly from surgery and anthracycline‐based 

chemotherapy. In a prospective observational study, 

EATL patients were treated upfront with alternating 

courses of IVE (ifosfamide, vincristine, etoposide) and 

methotrexate followed by ASCT [34]. The survival 

curves showed a 5‐year OS of 60% compared to a his­

torical control of 22% with conventional chemotherapy, 

supporting the role of intense upfront regimens as a 

bridge to transplant. The retrospective study from the 

EBMT on 44 EATL patients treated with ASCT demon­

strated 4‐year PFS and OS of 54% and 59%, respec­

tively, confirming the possibility of long‐term disease 

control [35].

In conclusion, the prognosis of ALK‐negative PTCL 

seems poor when ASCT is used for relapsed disease and 

long‐term remissions have been observed in less than 

one‐third of patients. Those who benefit the most are 

the patients with ALK‐positive ALCL, in CR at the time 

of transplant, and/or with a low IPI score.

Allogeneic hematopoietic stem cell 
transplantation for T‐cell lymphoma

Allo‐SCT provides several advantages over ASCT, 

including a lymphoma‐free graft and the potentially 

active GVL effect; yet, few studies have specifically 

addressed the role of allo‐SCT in the setting of PTCL.

Survival after myeloablative allo‐SCT has been influ­

enced by the high NRM, mainly related to graft‐versus‐

host disease (GVHD), infections, and organ toxicities. 

Retrospective comparative analyses of ASCT versus allo‐

SCT in aggressive lymphomas presented some selection 

bias because usually patients in the allograft cohort had 

more advanced disease, more prior therapies, and/or 

bone marrow involvement [36]. However, these studies 

demonstrated that allografting induced a lower relapse 

risk as compared to ASCT, but the high NRM offset any 

survival benefit. A first small retrospective comparative 

study by the GELTAMO group evaluated the outcome of 

patients receiving ASCT (N = 29) or allo‐SCT (N = 7) for 

PTCL; the 3‐year OS was 39% and 29%, respectively. 

However, the majority of patients in the allograft group 

died in CR because of transplant‐related complications 

[16]. In 2006, a Japanese group published the first large 

analysis on the outcome of T‐cell NHL after myeloabla­

tive allo‐SCT from matched related and unrelated 

donors [37]; 51 patients were retrospectively described 

and, in univariate analysis, OS was better for PTCL as 

compared to B‐cell NHL or other T‐cell NHLs.

During the last 15 years, RIC regimens have been 

increasingly used in relapsed NHL in order to reduce 
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NRM, thus making this strategy feasible in elderly or 

heavily pretreated patients (Table 19.3) [17]. In 2004, 

one of the first papers on RIC allo‐SCT reported six 

patients affected by PTCL who had a favorable survival 

after transplant [38]. The first prospective study evalu­

ated the outcome of 17 relapsed PTCL patients after a 

fludarabine‐based RIC regimen; 14 of 17 enrolled 

patients were alive (12 in CR) after a median follow‐up 

of 28 months with an estimated 3‐year NRM, OS, and 

PFS of 6%, 81%, and 64%, respectively [39]. In this 

study there were some data suggesting the existence of 

the GVL effect in PTCL: (i) the achievement of durable 

responses with allografting in patients who had already 

failed a previous ASCT; (ii) the demonstration of clinical 

responses to donor lymphocyte infusion (DLI). These 

preliminary results were then supported by a larger 

Italian multicenter retrospective study with a longer 

follow‐up [19]. In this study, the 5‐year outcome 

showed NRM, OS, and PFS of 12%, 50%, and 40%, 

respectively, and a plateau in the survival curves after 

36 months, suggesting that these patients have been 

cured by allo‐SCT. In multivariate analysis, age over 45 

years and refractory disease were independent prog­

nostic factors, underlying that the timing of allo‐SCT 

can significantly influence the final results. Similarly, in 

a French retrospective study of 77 T‐cell NHL patients 

allografted with RIC or myeloblative regimens, those 

patients with chemorefractory disease or who were 

heavily pretreated experienced a worse outcome [20]. 

Registry data from the Center for International Blood 

and Marrow Transplant Research (CIBMTR) confirmed 

the importance of having chemosensitive disease and 

having received less than two lines of chemotherapy in 

improving survival after allo‐SCT [6]. In both the Italian 

and French studies, the survival was not significantly 

different among the histologic subtypes of T‐cell NHL 

(note that the majority of ALCL had an unknown ALK 

mutational status), although AITL did slightly better. In 

support of this finding, an EBMT retrospective analysis 

of 45 AITL patients undergoing allo‐SCT between 1998 

and 2005 showed a relapse risk of 20% at 3 years, with 

a PFS of 53% and an OS of 64% [40].

In the last few years a growing number of studies 

have demonstrated the feasibility and efficacy of allo‐

SCT in relapsed and refractory T‐cell NHL, including the 

extranodal subtypes [41–48]. A retrospective study on 

52 patients treated with allo‐SCT from 1997 to 2009 at 

the Dana Farber Cancer Institute showed that nodal 

PTCL had a better prognosis (OS and PFS) compared to 

extranodal T‐cell NHL in multivariate analysis [42]. In 

another retrospective analysis on 37 patients, including 

13 CTCL, Zain et al. [43] did not show a different out­

come when comparing CTCL with PTCL treated with 

either RIC or myeloablative allo‐SCT. In fact, in larger 

studies allo‐SCT in CTCL offered an estimated OS of 

about 50% at 3 years, primarily driven by donor type, 

disease phase, and type of conditioning [44,45]. The 

prognosis of 12 patients with advanced and refractory 

extranodal NK/T‐cell lymphoma treated with allo‐SCT 

as salvage treatment was specifically addressed by 

Ennishi et al. [46], with 3‐year OS and EFS of 53% and 

55%, respectively.

Based on the encouraging results shown by allo‐SCT in 

the salvage setting, a Phase II trial by Corradini et al. [49] 

was designed to evaluate the role of upfront treatment 

intensification in PTCL, including allo‐SCT. Induction 

chemotherapy employing CHOP–alemtuzumab, high‐

dose methotrexate, cytarabine, and cyclophosphamide 

was followed by consolidation with either allo‐SCT or 

ASCT, based on the availability of an HLA‐identical 

sibling or matched unrelated donor. Despite the intensive 

chemotherapy program, 30% of the patients did not 

undergo transplantation because of progressive disease. 

With a median follow‐up of 40 months, the estimated 

4‐year OS and PFS were 49% and 44%, respectively. On 

multivariate analysis the achievement of CR maintained 

for at least 6 months had a dominant effect on PFS and 

OS, regardless of patient age, IPI, or extranodal involve­

ment. Patients who received a transplant had an 

advantage in OS. The sample size did not allow assessment 

of the superiority of allo‐SCT versus ASCT, but the results 

showed 4‐year OS and PFS to both be 69% in allo­

grafted patients.

In conclusion, allo‐SCT can be offered in relapsed 

and  refractory T‐cell NHL based on the following 

observations:

1	 In all studies the survival curves seem to reach a pla­

teau after 24–36 months, suggesting the potential 

curability of the disease.

2	 Delaying the allogeneic procedure too long from diag­

nosis may significantly impair the results, and thus 

allo‐SCT should be performed at an early stage and 

during the chemosensitive disease course.

3	 RIC regimens have increased the feasibility of allo‐

SCT by reducing the NRM, and may be the best 

choice, at least in old and heavily pretreated patients.
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The future will hopefully see the combination of new 

agents and allo‐SCT improve results in the significant 

proportion of refractory T‐cell NHL patients who, at the 

moment, are not considered eligible for SCT.

Post‐transplant disease monitoring 
in T‐cell lymphoma

T‐cell NHL patients are at high risk of relapse and 

development of refractory disease. Relapse risk mainly 

depends on histologic subtypes, risk scores at diagnosis, 

and response to first‐line chemotherapy. Monitoring 

disease status after transplantation is critical for prompt 

discovery of early relapses and for driving post‐trans­

plantation therapies. Disease assessment should be done 

according to the revised response criteria for malignant 

lymphoma [50] and remembering that the relapse risk 

is higher during the first 2 years after transplant.

According to clinical practice, post‐transplantation 

computed tomography (CT) of neck, chest, and abdomen, 

as well as bone marrow evaluation if positive before 

transplantation, should be performed after transplant. 

Thereafter, routine follow‐up by imaging studies should 

be done every 3 months for the first 2 years, every 6 

months for the following 3 years, and then yearly or 

whenever clinically appropriate.

FDG‐PET is highly sensitive and specific in the 

imaging of B‐cell lymphomas. However, its role in the 

diagnostic evaluation of PTCL is less defined, but poten­

tially useful due to the high incidence of extranodal dis­

ease. In a recent study the impact of PET on response 

assessment and survival prediction after ASCT was ret­

rospectively evaluated [51]; 41 patients with T‐cell NHL 

underwent both contrast‐enhanced CT and PET for 

response assessment. Of 41 patients, 11 showed a dis­

cordant response between the two image modalities and 

in six of these eleven patients the additional PET study 

changed the post‐ASCT response. Moreover, a positive 

PET scan after transplant was associated with lower EFS 

and OS rates.

The identification of a molecular marker based on a 

lymphoma‐specific translocation, for example t(2;5) in 

ALK‐positive ALCL, or gene rearrangement of the tumor 

T‐cell receptor may be useful in monitoring minimal 

residual disease (MRD) in patients with bone marrow 

involvement at diagnosis. In the post‐allo‐SCT setting, 

MRD techniques would allow early intervention when 

tumor burden is low and immunotherapy can be poten­

tially more effective. At the moment, no relevant data 

have been published on this topic except for patients 

affected by ALK‐positive ALCL [52].

Management of relapse after 
transplantation for T‐cell lymphoma

Relapse after autologous transplantation
As already mentioned, patients relapsed after ASCT, 

who are less than 65–70 years old, should initiate search 

for a donor. Eligibility for allo‐SCT should be based not 

only on age but also on comorbidities and performance 

status. Eligible patients should proceed to allo‐SCT as 

soon as CR, or at least PR, is achieved after salvage 

treatment. The role of a second ASCT is unknown and 

not recommended outside clinical trials.

Salvage treatment is usually based on a combination 

of chemotherapy drugs, including platinum, gem­

citabine and, more recently, bendamustine [53–57]. In a 

retrospective study including 40 patients with relapsed/

refractory PTCL, those treated with DHAP (cisplatin, 

cytarabine, desamethasone) or ESHAP displayed an 

overall response rate (ORR) of 62% [53]. Dexa‐BEAM 

(dexamethasone, carmustine, etoposide, cytarabine, 

melphalan) was retrospectively compared with ICE 

(ifosfamide, carboplatin, etoposide) in relapsed/refrac­

tory PTCL [54]. The results showed a higher ORR (69% 

vs. 20%), CR (38% vs. 7%), and PFS (6.4 vs. 2 months) 

with dexa‐BEAM, although treatment toxicities were 

more frequent with this schedule. Gemcitabine has also 

been shown to be active in relapsed PTCL [55,56]. In a 

single institution Phase II study, 39 patients with 

relapsed/refractory PTCL (N = 20) or CTCL (N = 19) 

received gemcitabine 1200 mg/m2 on days 1, 8, and 15 

every 28 days. ORR in PTCL was 55%, with 30% CR 

[55]. Gemcitabine was also used in combination with 

other antineoplastic agents. The combination of gem­

citabine (1000 mg/m2 on days 1, 8, and 15), cisplatin 

(100 mg/m2 on day 15), and methylprednisolone (1000 

mg daily for 5 days) delivered to 16 previously treated 

patients showed an ORR of 69% and a CR of 19% [56]. 

Unfortunately, these studies included only patients 

relapsed before ASCT, and the specific efficacy of 

these  chemotherapy combinations in the setting of 

post‐ASCT relapse remains uncertain. Recently, a Phase 

II trial, including 60 patients, evaluated the use of 
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bendamustine in relapsed or refractory T‐cell NHL. 

Bendamustine was given at 120 mg/m2 on days 1 and 2 

every 3 weeks for six cycles. The ORR of 50%, with 

28% CR, highlighted that this drug can be effective in 

PTCL [57]. Notably, in this study 12% of the patients 

were relapsed after an ASCT, but there was no difference 

in the ORR based on previous treatment. In addition, 

two of the responding patients were able to proceed 

to allo‐SCT.

The CD30‐directed antibody–drug conjugate brentux­

imab represents a valid treatment option in ALCL 

patients. In a recent Phase II study, 58 patients with 

relapsed/refractory ALCL achieved an ORR of 86% 

(57% CR) after brentuximab [58]. This study included 

15 patients who received a prior ASCT (26%), but 

specific outcomes for this subgroup have not been 

published. The median duration of response was 13.2 

months for the six subjects who received a subsequent 

allo‐SCT. More recently, brentuximab has shown to pro­

duce CRs and PRs also in PTCL‐NOS and AITL (ORR 

33% and 54%, respectively). Interestingly, responses 

were not correlated with CD30 expression, suggesting 

potential efficacy of this drug in non‐ALCL patients [59]. 

These data suggest that both bendamustine and bren­

tuximab can be considered as a bridge to allografting.

When patients fail to achieve a response to salvage 

chemotherapy or are chemorefractory, experimental 

agents should be used and, whenever possible, patients 

should be considered for inclusion in clinical trials based 

on such agents.

Relapse after allogeneic transplantation
About 50–60% of patients usually relapse within 2–3 

years after allo‐SCT [19–22,41,49]. Therapy in this 

population of patients is challenging, and patients 

should be considered for inclusion in clinical trials with 

new drugs.

Based on the supposed GVL effect, immune manipu­

lation after allo‐SCT may be pursued at least in those 

patients who show limited and/or slowly progressive 

disease. In the absence of active and severe GVHD, the 

first step is the reduction or withdrawal of immunosup­

pressive therapy. In a retrospective study including 14 

patients, Hamadani et al. [60] showed a prolonged 

response with tapering of immunosuppressive medica­

tions. The second step is the use of escalating DLI in 

patients who are not on immunosuppressive therapy 

and in those without GVHD. Dodero et al. [19] 

administered DLIs to 12 PTCL patients relapsing after 

allo‐SCT; eight patients responded, including five CRs. 

Median survival of patients achieving CR after DLI was 

5 years, and no subsequent relapses were reported. In a 

retrospective study including 35 patients who experi­

enced progression of ATLL after a first allo‐SCT, nine 

were treated with DLI and four of these achieved CR 

[61]. DLI‐induced remissions were durable, with three 

cases of remission lasting more than 3 years.

While DLI appears to be a good choice in relapsed 

T‐cell NHL, no data are available to support whether it 

is best administered alone or following cytoreductive 

therapies. In general, in patients with widespread, 

organ‐threatening or bulky relapse, DLI should be 

administered after cytoreductive systemic therapy or 

involved‐field radiation.

Novel therapies and their 
integration in transplantation for  
T‐cell lymphoma

In the past few years, the identification of cell surface 

molecular markers and the better understanding of 

the mechanisms of PTCL pathogenesis have led to the 

development of novel therapies that may potentially 

be integrated in transplant programs. We have already 

mentioned the anti‐CD30 monoclonal antibody bren­

tuximab that is commercially available for relapsed 

ALK‐positive ALCL, but it also displayed significant 

clinical responses in other PTCLs [58,59]. Similarly, the 

anti‐CD52 monoclonal antibody alemtuzumab has been 

approved for the treatment of relapsed PTCL irrespec­

tive of CD52 expression level [62]. Nevertheless, after 

preliminary encouraging results, this antibody has been 

progressively less used due to the high incidence of viral 

and opportunistic infections.

Another drug that is already available is pralatrexate. 

Pralatrexate is a folate analog metabolic inhibitor, 

designed to have a higher affinity for reduced folate 

carrier type 1 (RFC‐1), leading to enhanced intracellular 

uptake compared with methotrexate. The multicenter 

Phase II PROPEL study evaluated the efficacy of prala­

trexate (30 mg/m2 per week for 6 weeks followed by 1 

week of rest) in 115 patients with relapsed or refractory 

T‐cell NHL, including 16% relapsed after ASCT [63]. 

Treatment was continued until evidence of disease 

progression, development of unacceptable toxicity, or 
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physician discretion. ORR was 29%, comprising 11% 

CR. Interestingly, 19% of primary refractory patients 

had evidence of response. The most common grade 3/4 

adverse events were thrombocytopenia (32%), mucosi­

tis (22%), neutropenia (22%), and anemia (18%).

Other drugs are under investigation in T‐cell NHL 

and  for some of them interesting results are already 

published and summarized in the following sections.

Histone deacetylase inhibitors
Histone deacetylase (HDAC) inhibitors are epigenetic 

therapies that induce acetylation of histones and other 

proteins, resulting in antitumor‐suppressor gene tran­

scription, growth inhibition, and apoptosis. Among this 

new class of agents, romidepsin has been the most 

studied in T‐cell NHL. Two published Phase II trials 

studied romidepsin in refractory/relapsed CTCL and 

PTCL, including patients relapsed after ASCT [64,65]. 

Romidepsin was administered at a dose of 14 mg/m2 i.v. 

on days 1, 8 and 15 every 28 days. ORR was 25–38%, 

with a median duration of response of 9–17 months. 

The most common nonhematologic adverse events 

were nausea, infections, and fatigue (most being grade 

1–2). The major hematologic adverse event was essen­

tially thrombocytopenia. In addition to their activity in 

T‐cell NHL, HDAC inhibitors have already been shown 

to prevent acute GVHD and this suggests the feasibility 

of administering these drugs in the context of relapse 

after allo‐SCT [66].

Lenalidomide
Lenalidomide is an immunomodulatory agent with sev­

eral potential mechanisms of action (direct cytotoxicity, 

enhanced NK/T‐cell function, alteration of microenvi­

ronment). Limited data suggest antitumor activity in  

T‐cell NHL. The ORR was about 30% in two published 

studies [67,68]. Since lenalidomide seems to increase 

the risk of GVHD, its use should be carefully evaluated 

in relapsed T‐cell NHL after allo‐SCT.

Mogamulizumab
Mogamulizumab is a humanized anti‐CCR4 (CC che­

mokine receptor 4) IgG1 monoclonal antibody with a 

defucosylated Fc region, thereby enhancing antibody‐

dependent cellular toxicity. Since CCR4 is expressed in 

most patients with ATLL and based on encouraging pre­

clinical results, early‐phase trials were conducted on 

patients with this subgroup of T‐cell NHL. In a Phase II 

study, 28 patients were enrolled with relapsed/refractory 

CCR4‐positive ATLL [69]. Mogamulizumab was admin­

istered at a dose of 1.0 mg/kg as weekly infusion. ORR 

was 50%, including eight CRs.

Crizotinib
Crizotinib is a small molecule competitive inhibitor of 

ALK and MET kinase activity. Recent data showed that 

10 of 11 patients affected by relapsed and refractory 

ALK‐positive NHL showed a response after crizotinib, 

with four of them achieving a durable CR [70].
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Introduction

Burkitt and lymphoblastic non‐Hodgkin lymphomas 

(NHLs) constitute two distinct groups of highly aggres-

sive lymphoid neoplasms, each requiring aggressive 

induction chemotherapy that influences disease out-

come [1–5]. Both these malignancies require intensive 

chemotherapy regimens with central nervous system 

(CNS)‐directed therapy to prevent extramedullary 

relapse. Because of the relative infrequency of Burkitt 

lymphoma and lymphoblastic lymphoma in adults, the 

majority of published studies of transplantation in these 

diseases are markedly limited to pediatric reports, adult 

studies with small numbers of patients, or transplant 

reports of NHL patients with low‐, intermediate‐, and 

high‐grade histologies, varied donor types, and condi-

tioning regimens [6–11]. Presently there is no well‐

defined role for autologous or allogeneic HSCT in first 

remission in either malignancy, given the excellent out-

comes reported with standard chemotherapy regimens. 

The majority of transplants for these disorders have been 

in patients with recurrent disease. Relapse remains the 

primary reason for treatment failure after autologous 

transplantation for both Burkitt and lymphoblastic NHL.

Allogeneic HSCT is most commonly studied in series of 

patients with all histologies of NHL and is rarely focused 

on Burkitt or lymphoblastic lymphoma [6–12]. Allogeneic 

HSCT finds its place in the treatment of those patients 

with relapsed or refractory disease for whom autologous 

stem cell transplant has failed or is not feasible. The issues 

of selecting the appropriate candidate, conditioning reg-

imen, and timing of transplant remain topics of ongoing 

research. In general, allogeneic HSCT has several distinct 

advantages over autologous HSCT, including having a 

healthy stem cell source without the risk for tumor con-

tamination, a lesser risk of treatment‐related secondary 

hematopoietic malignancies, and a potential immuno-

logic graft‐versus‐lymphoma (GVL) effect. The challenges 

of allogeneic HSCT include increased toxicities from the 

conditioning regimen, risk of infection from prolonged 

immunosuppression, and chance of graft‐versus‐host 

disease (GVHD); all these factors result in an increased 

risk of transplant‐related mortality (TRM) compared 

with standard chemotherapy or autologous HSCT.

Burkitt lymphoma (Table 20.1)

Burkitt lymphoma is a high‐grade malignancy that 

occurs more commonly in children, accounting for 30% 

of childhood lymphomas [13,14]. In adults, this malig-

nancy is often associated with an underlying immuno-

deficiency and accounts for 2% of adult lymphomas 

[15–20]. In the Western hemisphere, the tumor most 

commonly occurs as bulky disease, originating in the 

abdomen, particularly the ileocecal region but may also 

involve other extranodal sites such as kidneys, ovaries, 

and breasts. In Africa the jaw and facial bones are com-

monly the primary site. Epstein–Barr virus (EBV) is 

often associated with endemic Burkitt lymphoma but 

less often in the Western hemisphere. The genetic origin 

of this disease is well known, arising from clonal rear-

rangements of the immunoglobulin heavy (IGH) and/or 

the immunoglobulin light (IGL) chain genes, associated 

Transplantation in Burkitt and 
lymphoblastic lymphoma
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with the CMYC oncogene on chromosome 8, being 

translocated adjacent to IGH on chromosome 14 (most 

common) or IGL on chromosome 2 or 22 [21]. This 

malignancy is reported to be the most rapidly growing 

tumor, with doubling times approximating 24 hours, 

and is typically resistant to radiation therapy. Recently, 

aggressive multiagent chemotherapy regimens con-

taining rituximab, alkylating agents, high‐dose metho-

trexate, and cytarabine with aggressive CNS‐directed 

prophylaxis have resulted in survival rates of 60–90%, 

being highest in pediatric patients and those with more 

limited‐stage disease [22–26]. However, for patients 

with recurrent disease, allogeneic or autologous HSCT is 

necessary for long‐term disease‐free survival.

Autologous transplantation has been employed as 

both consolidation of first remission and as treatment for 

patients with relapsed disease. In an early study of autol-

ogous HSCT for Burkitt lymphoma, Sweetenham et al. 

[25] retrospectively analyzed patients reported to  the 

European Society for Blood and Marrow Transplantation 

(EBMT), showing a 72% 3‐year overall survival (OS) 

rate for patients in first remission (CR1). For patients in 

first remission at the time of transplantation, the survival 

rates are very similar to those who receive intensive che-

motherapy regimens, with pediatric regimens reporting 

73% 2‐year survival when used in adult populations. 

With autologous HSCT as consolidation, the highest risk 

patients were reported to have a 59% 2‐year survival 

rate, comparable to outcomes reported with intense 

chemotherapy regimens. For patients with relapsed dis-

ease, those with chemotherapy‐sensitive disease had 

improved outcomes of 37% compared with 7% for 

those with chemotherapy‐resistant disease.

The Center for International Blood and Marrow 

Transplant Research (CIBMTR) recently published their 

registry experience in 241 patients with Burkitt lym-

phoma transplanted between 1985 and 2007 [27]. Over 

this period there has been a significant decline in autol-

ogous HSCT for this disease, with only 19% performed 

after 2001. Survival rates were significantly higher for 

autograft recipients after 2000 compared to before 2000, 

suggesting improved survival rate with improved patient 

selection, better identification of patients likely to benefit 

from autologous HSCT, and improved supportive care 

[28]. Progression‐free survival (PFS) at 5 years was 78% 

and 27% for those in first remission and those not in 

first remission, respectively. In this same series, those 

transplanted in second remission had a 5‐year PFS of 

44%, suggesting that autologous transplantation may 

salvage patients with chemotherapy‐sensitive disease. 

Autologous recipients were more likely to have had 

chemotherapy‐sensitive disease, receive peripheral 

blood stem cell grafts, and be transplanted in first remis-

sion than allogeneic transplant recipients. The majority 

of deaths were from recurrent or progressive lym-

phoma. The authors concluded that autologous HSCT in 

first remission did not offer a survival advantage over 

present‐day aggressive chemotherapy regimens, but 

could be used successfully to salvage patients with 

chemotherapy‐sensitive disease.

Burkitt lymphoma is commonly seen as a malignancy 

in patients with HIV infection. Most studies demonstrate 

that HIV‐positive patients with high‐ or intermediate‐

grade NHL can be cured with high‐dose chemotherapy 

and autologous HSCT; however, disease recurrence rates 

are higher in patients with non‐diffuse large B‐cell lym-

phoma histologies [20]. Other investigators have dem-

onstrated that HIV‐positive and HIV‐negative NHL 

patients undergoing autologous HSCT have similar out-

comes [19]. Published studies suggest that HIV status 

should not be the sole factor used to preclude autolo-

gous HSCT for these patients, if otherwise indicated.

Future studies should aim to identify those patients in 

first remission who are destined to relapse, for whom 

autologous HSCT may be beneficial [25,27,29]. Certainly 

it appears that patients with chemotherapy‐resistant 

Burkitt lymphoma are not likely to benefit from autolo-

gous HSCT, although autologous HSCT may salvage a 

significant proportion of patients who are able to 

achieve a second remission.

The data for the role of allogeneic HSCT for Burkitt 

lymphoma is quite scarce. The EBMT reported 101 

patients who had undergone autologous or allogeneic 

HSCT for Burkitt lymphoma; patients in the two groups 

were carefully selected, being matched for known 

disease‐ and transplant‐related risk factors [30]. In this 

retrospective registry study, eight Burkitt lymphoma 

patients were included in each cohort and there was no 

difference in relapse rate or OS rates in autologous or 

allogeneic transplant recipients for the Burkitt lym-

phoma patient group.

A single‐institution publication of allogeneic HSCT for 

adult patients with chemotherapy‐refractory aggressive 

NHL included 46 patients, 32 of whom had stable disease 

before transplant [12]. Three of them had Burkitt lym-

phoma, all with stable disease status prior to transplan-

tation. The 5‐year OS and PFS for Burkitt lymphoma 

patients were 33% and 33%, respectively. The authors 
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concluded that patients with stable disease should not be 

excluded from allogeneic HSCT based solely on the 

presence of chemotherapy‐insensitive disease.

In the CIBMTR registry publication, allogeneic HSCT 

resulted in PFS rates at 5 years of 50% and 19% for 

Burkitt lymphoma patients in first remission and those 

not in first remission, respectively [27]. Following 

National Comprehensive Cancer Network (NCCN) 

guidelines for a higher‐risk subset of patients, allogeneic 

HSCT resulted in a 5‐year PFS rate of 27%. Evidence of 

a GVL effect could not be determined in this study as no 

association was observed between survival and GVHD. 

The majority of deaths were from recurrent or progres-

sive lymphoma.

Reduced‐intensity conditioning (RIC) regimens are 

increasingly employed to treat lymphoma patients, partic-

ularly after autologous HSCT or in patients who are elderly 

or have comorbid conditions [6,31,32]. However, the 

kinetics of high‐grade lymphomas makes these cells less 

susceptible targets for a GVL effect. In a Japanese study of 

RIC transplantation, patients with high‐grade histology 

(including Burkitt lymphoma) had an increased relative 

risk of treatment failure when compared with patients 

with low‐ and intermediate‐grade histologies [32].

In the largest publication of transplant experience in 

182 pediatric lymphoma patients (90 autologous, 92 allo-

geneic), the CIBMTR reported no significant difference in 

the 5‐year probabilities of OS, PFS, and relapse/progres-

sion for the 41 Burkitt lymphoma patients between 

autologous and allogeneic transplantation [33]. This trial 

only included patients less than 18 years of age with 

recurrent disease with no prior autologous HSCT. This 

was a retrospective study and the authors concluded that 

the rapid course of Burkitt lymphoma can make achiev-

ing disease control difficult, with short‐lived responses 

that make transitioning to transplantation difficult.

Allogeneic transplantation has been successful in 

patients with recurrent Burkitt lymphoma, and can sal-

vage chemotherapy‐resistant patients. Its routine use 

in patients in first remission cannot be recommended at 

this time.

Lymphoblastic lymphoma (Table 20.2)

Lymphoblastic lymphoma accounts for approximately 

2% of all cases of NHL and up to 30% of pediatric lym-

phomas [1,5,34]. It most commonly arises from pre-

cursor T lymphocytes and is frequently associated with 

extramedullary disease such as a mediastinal mass. Less 

commonly, this malignancy may be of B‐cell origin. In 

either case, the disease is often associated with hepato-

splenomegaly, a mediastinal mass, marked adenopathy, 

and marrow involvement. Morphologically, the disease 

is indistinguishable from acute lymphoblastic leukemia 

(ALL), with the primary difference being the percentage 

of malignant blasts in the marrow. This disease has a 

very aggressive clinical course and requires intensive 

ALL‐like chemotherapy, with remission rates approach-

ing 80% and up to 60% of patients having long‐term 

survival, primarily pediatric patients and those with 

limited‐stage disease [35–37].

Autologous HSCT has been used to consolidate initial 

remissions in an attempt to improve long‐term disease‐

free survival, with both registries and single‐institution 

publications demonstrating long‐term survival rates 

of  50–80% [30,33,38–44]. One randomized study 

attempted to address the role of early autologous HSCT 

in first remission by randomizing patients who achieved 

a complete or partial remission after standard therapy to 

high‐dose chemotherapy and autologous HSCT versus 

conventional chemotherapy consolidation and mainte-

nance. Of the initial 119 patients enrolled, only 65 were 

eligible for randomization due to patient refusal, disease 

progression, toxicity, or a decision to undergo allogeneic 

HSCT. No significant difference in survival was observed 

between the nontransplant and the chemotherapy arms; 

however, these findings are difficult to interpret given 

the high number of patients who were not evaluable.

Allogeneic HSCT has been increasingly used in the 

setting of relapsed disease. In a study of the EBMT, 

investigators reported outcomes of 101 allogeneic HSCT 

recipients and compared them with those of 101 autol-

ogous HSCT recipients with a variety of NHL histologies 

[30]. Approximately half of patients had lymphoblastic 

lymphoma. PFS was similar between the two groups, 

with 49% for allogeneic HSCT and 46% for autologous 

HSCT. For those with lymphoblastic lymphoma, there 

was a statistically lower relapse rate in those undergoing 

allogeneic HSCT compared to those receiving autolo-

gous HSCT; however, OS was similar due to the higher 

TRM in the allogeneic group. Furthermore, there was a 

lower relapse rate among those with chronic GVHD, 

suggesting a GVL effect.

Published registry data for lymphoblastic lymphoma 

patients retrospectively compared 128 patients treated 

with autologous HSCT and 76 patients undergoing 

matched sibling donor HSCT [38]. At 5 years post 



Ta
b

le
 2

0.
2 

P
u

bl
is

h
ed

 s
tu

d
ie

s 
o
f 

tr
an

sp
la

n
ta

ti
o
n

 i
n

 l
ym

p
h

o
bl

as
ti

c 
ly

m
p

h
o

m
a.

R
ef

er
en

ce
D

is
ea

se
s

Ty
p

e 
o

f 
H

SC
T 

(N
)

C
o

n
d

it
io

n
in

g
TR

M
D

FS
O

S
C

o
m

m
en

ts

G
ro

ss
 e

t 
al

. [
33

]
Pe

di
at

ric
; r

ec
ur

re
nt

 

ly
m

ph
om

a

A
ut

o
M

A
C

1‐
ye

ar
 1

4%
4%

N
R

G
ro

ss
 e

t 
al

. [
33

]
Pe

di
at

ric
; r

ec
ur

re
nt

 

ly
m

ph
om

a

A
llo

M
A

C
1‐

ye
ar

 1
7%

40
%

N
R

A
llo

ge
ne

ic
 H

SC
T 

ha
d 

im
pr

ov
ed

 D
FS

 v
s.

 

au
to

lo
go

us
 (P

 <
 0

.0
1)

C
ho

pr
a 

et
 a

l. 
[3

0]
N

H
L,

 a
pp

ro
xi

m
at

el
y 

ha
lf 

ly
m

ph
ob

la
st

ic

A
ut

o 
(1

01
); 

8 

Bu
rk

itt
; 4

9 

ly
m

ph
ob

la
st

ic

M
A

C
10

%
46

%
Ly

m
ph

ob
la

st
ic

 N
H

L 
pa

tie
nt

s 
ha

d 
de

cr
ea

se
d 

re
la

ps
e 

ra
te

 a
ft

er
 a

llo
‐H

SC
T 

vs
. a

ut
o‐

H
SC

T 
(4

8%
 

vs
. 2

4%
)

C
ho

pr
a 

et
 a

l. 
[3

0]
N

H
L,

 a
pp

ro
xi

m
at

el
y 

ha
lf 

ly
m

ph
ob

la
st

ic

A
llo

 (1
01

); 
8 

Bu
rk

itt
; 4

9 

ly
m

ph
ob

la
st

ic

M
A

C
24

%
49

%
D

ec
re

as
ed

 r
el

ap
se

 r
at

e 
no

te
d 

in
 c

G
V

H
D

 p
at

ie
nt

s:
 

35
%

 n
o 

cG
V

H
D

 v
s.

 0
%

 w
ith

 c
G

V
H

D
; 1

4/
18

 

w
ith

 c
G

V
H

D
 h

ad
 ly

m
ph

ob
la

st
ic

 N
H

L

Le
vi

ne
 e

t 
al

. [
38

]
A

du
lt 

ly
m

ph
ob

la
st

ic
A

ut
o 

(1
28

)
M

A
C

5‐
ye

ar
 5

%
5‐

ye
ar

 3
9%

5‐
ye

ar
 4

4%

Le
vi

ne
 e

t 
al

. [
38

]
A

du
lt 

ly
m

ph
ob

la
st

ic
, M

RD
A

llo
 (7

6)
M

A
C

5‐
ye

ar
 2

5%
5‐

ye
ar

 3
6%

5‐
ye

ar
 3

9%
D

ec
re

as
ed

 r
el

ap
se

 r
at

es
 a

ft
er

 a
llo

‐H
SC

T 
vs

. 

au
to

‐H
SC

T 
at

 5
 y

ea
rs

 (5
6%

 v
s.

 3
4%

)

Sw
ee

te
nh

am
  

et
 a

l. 
[3

9]

Ly
m

ph
ob

la
st

ic
 N

H
L,

 a
du

lt
A

ut
o 

(2
18

); 
10

5 

in
 C

R1

M
A

C
14

%
6‐

ye
ar

 4
1%

6‐
ye

ar
 4

2%
6‐

ye
ar

 O
S 

fo
r 

C
R1

 p
at

ie
nt

s 
63

%

Sw
ee

te
nh

am
  

et
 a

l. 
[4

0]

Ly
m

ph
ob

la
st

ic
, a

du
lt;

 a
ut

o 

vs
. c

he
m

ot
he

ra
py

A
ut

o 
(3

1)
; 

ch
em

ot
he

ra
py

 (3
4)

M
A

C
N

R
3‐

ye
ar

 5
5%

 

af
te

r 
au

to
 

vs
. 2

4%
 

af
te

r 
ch

em
o

3‐
ye

ar
 5

6%
 

af
te

r 
au

to
 v

s.
 

45
%

 a
ft

er
 

ch
em

o

O
S 

af
te

r 
au

to
‐H

SC
T 

w
as

 n
ot

 s
ig

ni
fic

an
tly

 b
et

te
r 

th
an

 c
he

m
ot

he
ra

py

cG
V

H
D

, c
hr

on
ic

 g
ra

ft
‐v

er
su

s‐
ho

st
 d

is
ea

se
; C

R1
, f

irs
t 

re
m

is
si

on
; D

FS
, d

is
ea

se
‐f

re
e 

su
rv

iv
al

; H
SC

T,
 h

em
at

op
oi

et
ic

 s
te

m
 c

el
l t

ra
ns

pl
an

t;
 M

A
C

, m
ye

lo
ab

la
tiv

e 
co

nd
iti

on
in

g;
 M

RD
, m

at
ch

ed
 r

el
at

ed
 

do
no

r;
 N

H
L,

 n
on

‐H
od

gk
in

 ly
m

ph
om

a;
 N

R,
 n

ot
 r

ep
or

te
d;

 O
S,

 o
ve

ra
ll 

su
rv

iv
al

; T
RM

, t
ra

ns
pl

an
t‐

re
la

te
d 

m
or

ta
lit

y.



206      Clinical Guide to Transplantation in Lymphoma

transplantation, the disease‐free survival rate was similar 

in the two treatment arms, with 36% for allograft recip-

ients and 39% for autologous recipients. Fewer relapses 

were observed after allogeneic HSCT. Irrespective of the 

type of transplant, patients transplanted after relapse and 

those with marrow involvement had inferior outcomes.

Investigators in a retrospective EBMT study concluded 

that high‐dose treatment with autologous HSCT was an 

effective strategy for adults with lymphoblastic lym-

phoma even when the malignancy was resistant to 

conventional therapy [39]. However, this study was 

done in an era prior to the current aggressive induction 

used to treat this malignancy. With modern induction 

regimens, chemotherapy resistance is typically treated 

with allogeneic transplantation to utilize the GVL effect. 

In a registry study of 283 unrelated donor transplants for 

NHL employing myeloablative regimens reported to 

the CIBMTR, factors identified in multivariate analysis to 

be associated with a poor outcome included patients with 

high‐grade histology (Burkitt or lymphoblastic NHL), 

poor performance status, advanced disease at HSCT, and 

refractory disease [8]. These findings confirm observa-

tions in other smaller trials and retrospective studies [45].

In the CIBMTR study of pediatric lymphoma, 53 

patients had lymphoblastic lymphoma; 14 underwent 

autologous HSCT and 39 allogeneic HSCT [33]. In this 

trial of relapsed patients, event‐free survival (EFS) was 

significantly higher for allograft recipients (40% vs. 4%, 

P < 0.01). For all subtypes, predictive factors for EFS 

were disease status at HSCT and the use of allogeneic 

donor for lymphoblastic lymphoma. There was no 

difference in outcome by donor type for any other his-

tology. In this retrospective nonrandomized study of 

registry data the authors concluded that an allogeneic 

donor was preferred for lymphoblastic lymphoma.

With the inclusion of the nucleoside analog nelara-

bine in many upfront treatment regimens for T‐cell 

malignancies, there are no published data on how this 

agent will alter outcomes in this population. Similar to 

its cousin medication clofarabine, now used as a compo-

nent of regimens to treat B‐cell precursor ALL, nelara-

bine may play a role in bridging patients to transplant.

Conclusion

In general, both adult and pediatric patients with NHL 

enjoy an excellent prognosis with the advent of more 

aggressive chemotherapy regimens, as the majority of 

these patients achieve durable remissions with these 

front‐line therapies. Autologous HSCT has been demon-

strated to result in prolonged remissions in Burkitt NHL 

patients in first remission or those with recurrent che-

motherapy‐sensitive disease. Nonetheless, allogeneic 

HSCT offers a potential option as salvage therapy for 

those with refractory and/or multiply‐relapsed disease. 

In allogeneic HSCT for NHL, multiple recent studies 

have demonstrated better OS and PFS with RIC in the 

setting of HLA‐matched donor stem cell grafts compared 

to myeloablative conditioning (MAC), in which the 

therapeutic benefit of dose intensification is frequently 

negated by the increased TRM. However, RIC regimens 

have not been proven effective in patients with high‐

grade histologies such as Burkitt or lymphoblastic NHL 

[31,45]. The reduced TRM with RIC justifies the use of 

allogeneic HSCT in patients with refractory but indolent 

subtypes of NHL. The greater GVL effect observed with 

some of the NHL subtypes in the clinical setting further 

augments the therapeutic potential of allogeneic HSCT.

Most newly diagnosed patients with Burkitt and lym-

phoblastic NHL will respond to conventional chemo-

therapy and most of them will experience long‐term 

survival. Autologous HSCT may be beneficial in certain 

patients with Burkitt lymphoma in first remission but 

there are currently no criteria that identify those indi-

viduals. Data suggest that autologous transplant as part 

of initial therapy may benefit patients with high‐risk 

features in first remission or those patients who have a 

slow response to chemotherapy. Patients with recurrent 

disease may benefit from autologous HSCT if they have 

chemotherapy‐sensitive Burkitt lymphoma and are able 

to attain a second remission. Patients with recurrent 

disease or who are unable to undergo autologous HSCT 

due to marrow involvement may be candidates for allo-

geneic HSCT, realizing that TRM may be significant. 

Myeloablative regimens likely offer improved disease 

control compared to reduced‐intensity regimens. For 

patients with chemotherapy‐resistant or progressive 

disease, allogeneic transplantation or clinical trials can 

be considered.

Patients with lymphoblastic lymphoma appear to 

have better outcomes after allogeneic HSCT than after 

autologous HSCT. For those patients with refractory dis-

ease, allogeneic HSCT should be considered as salvage 

therapy. The decision to undergo allogeneic HSCT must 

account for patient performance, disease status, 

treatment history, comorbidities and, most importantly, 

personal wishes, as the TRM associated with any type of 
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allogeneic HSCT is not minimal. RIC with related or 

unrelated HLA‐matched donor stem cell graft provides 

an excellent outcome in the setting of refractory or mul-

tiply relapsed NHL and should be considered preferen-

tially to MAC. With the improvements in supportive 

care and GVHD management, we should consider 

offering allogeneic HSCT earlier, such as after the first 

relapse, if a suitable donor is available. This strategy may 

further improve the outcome of allogeneic HSCT, with 

patients having better performance, less resistant dis-

ease, and less comorbidity. Future efforts should be 

directed to identifying those high‐risk patients likely to 

fail at diagnosis for more aggressive consolidation. 

Autologous HSCT is currently used sparingly in Burkitt 

and lymphoblastic lymphoma, with allogeneic HSCT 

offering a putative GVL effect and some patients being 

cured of their disease, even those with chemotherapy‐

resistant lymphoma. Incorporation of new agents that 

optimize the immunologic GVL effect, or utilizing radio-

immunotherapy and novel cellular therapies must be 

explored to improve survival rates [46–48].
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Introduction

Adult T‐cell leukemia/lymphoma (ATL) is an aggressive 

lymphoid proliferation associated with the human lym-

photropic virus type I (HTLV‐I) [1,2]. The viral oncop-

rotein Tax plays a central role in T‐cell transformation 

through deregulation of multiple cellular pathways [3]. 

ATL usually occurs in individuals from HTLV‐I endemic 

regions, such as southern Japan, the Caribbean, Central 

and South America, inter‐tropical Africa, Romania, and 

northern Iran [4–7]. HTLV‐I causes transformation and 

clonal expansion of T cells, resulting in ATL in approxi-

mately 1–4% of the estimated 10–20 million infected 

hosts, with a mean latency period of more than 50 

years [4,6,8]. It appears that early infection during 

childhood is associated with a higher risk of ATL 

development.

Clinical presentation and 
classification

The most recent World Health Organization lymphoma 

classification lists ATL as a peripheral T‐cell lymphoma 

(PTCL) [9]. The diversity in clinical features and 

prognosis of patients with ATL has led to its subclassifi-

cation into the following four subtypes (Shimoyama 

classification): smoldering, chronic and acute leukemic 

forms, and ATL lymphoma [10]. A borderline state bet-

ween healthy carriers of HTLV‐I and ATL patients has 

been described and named pre‐ATL [11].

Acute and lymphoma subtypes
When ATL presents aggressively with massive enlarge-

ment of lymph nodes and visceral involvement, it is associ-

ated with or without a leukemic phase, referred to as 

“acute ATL” (60% of all cases) or “lymphomatous” ATL 

(20% of all cases), respectively [12]. In the acute variant, 

approximately 70% of patients will develop hypercal-

cemia. ATL patients are functionally immunocompromised 

and may develop a variety of opportunistic infections, 

including cytomegalovirus or Pneumocystis carinii pneumo-

nias, malignant strongyloidiasis, disseminated cryptococ-

cosis or toxoplasmosis, disseminated fungal infections, as 

well as bacterial abscesses and sepsis [12–14].

Smoldering and chronic subtypes
Smoldering ATL is characterized by skin or lung infiltra-

tion without any other visceral involvement, a low 

number of leukemic cells (1–5% abnormal peripheral 

blood lymphocytes), and a normal leukocyte count. In 

chronic ATL, a high leukocyte count is observed and this 

is associated with a tumor syndrome (lymphadenopathy 

and hepatosplenomegaly). However, there is no associ-

ated hypercalcemia, infiltration of the central nervous 

system (CNS), gastrointestinal tract or bones, and the lac-

tate dehydrogenase (LDH) level is normal or only slightly 

increased (less than twice the upper limit of normal).

Diagnostic criteria
The diagnosis of ATL is based on a combination of 

characteristic clinical presentation, morphologic and 

immunophenotypic features of the malignant cells, 
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along with confirmation of HTLV‐I infection [11]. ATL 

tumor cells are detected in peripheral blood in cases of 

acute, chronic, or smoldering type with leukemic mani-

festations or from biopsy of involved organs in ATL 

lymphoma. At least 5% of circulating abnormal T lym-

phocytes is required to diagnose ATL in patients without 

histologically proven tumor lesions [10]. These tumor 

cells, also termed “flower cells” and considered patho-

gnomonic of ATL, are malignant activated lymphocytes 

with convoluted nuclei, and basophilic cytoplasm [12] 

expressing CD2, CD4 and CD5, CD45RO, CD29, T‐cell 

receptor αβ and are usually negative for CD7, CD8 and 

CD26 and show reduced CD3 expression. The 

lymphocytic activation markers HLA‐DP, ‐DQ, ‐DR and 

IL‐2Rα (CD25) are always present [12] whereas terminal 

deoxynucleotidyl transferase (TdT) is typically absent.

Treatment options

Treatment of ATL is usually dependent on the ATL sub-

type. Patients with aggressive forms (acute and lym-

phoma) have a very poor prognosis because of intrinsic 

chemoresistance, a large tumor burden, hypercalcemia 

and/or frequent infectious complications due to pro-

found immunodeficiency (2,10,15–17).

Conventional chemotherapy
Multiple Japanese trials in aggressive ATL clearly dem-

onstrated that although combinations of chemotherapy 

have improved the response rates, particularly in ATL 

lymphoma, they failed to achieve a significant impact 

on long‐term survival. A Japanese Phase III study dem-

onstrated that the LSG15 regimen is superior to biweekly 

CHOP (cyclophosphamide, doxorubicin, vincristine, 

and prednisone) in newly diagnosed acute, lymphoma, 

or unfavorable chronic ATL. The complete remission 

(CR) rate in the LSG15 and CHOP arms was 40% and 

25%, respectively, while 3‐year overall survival (OS) in 

the LSG15 and CHOP arms was 24% and 13%, respec-

tively. However, the median survival of 13 months 

remains disappointing [18].

Watch and wait policy for indolent ATL
Patients with smoldering or chronic ATL subtypes have 

a better prognosis than the aggressive variants of ATL 

[10]. In a recent Brazilian study, in which patients with 

ATL were followed on an expectant policy for 14 years, 

the reported median survival of chronic and smoldering 

types was only 18 months and 58 months, respectively, 

and the OS rates were less than 20% at 5 years in both 

types [19]. Another recent Japanese study with a longer 

follow‐up period confirmed that indolent ATL had a 

poor prognosis: patients with smoldering ATL had an 

estimated 15‐year survival rate of 12.7% with a median 

survival of 2.9 years, while patients with chronic ATL 

had an estimated 15‐year survival rate of 14.7% with a 

median survival of 5.3 years [20]. Importantly, in this 

study, patients who received chemotherapy had a sig-

nificantly lower survival as compared to patients treated 

on a watch and wait policy [20].

Antiviral therapy
An important advance in the treatment of ATL was ini-

tially reported in two preliminary Phase II studies with 

the combination of the antiretroviral agent zidovudine 

(AZT) and interferon alpha (IFN) [21–23]. The efficacy 

of this combination was then confirmed in multiple 

small series [24]. A worldwide meta‐analysis including 

survival data on 238 patients with ATL treated between 

1995 and 2008 [25] showed that first‐line antiviral 

therapy (AVT) alone resulted in 5‐year OS of 46% com-

pared with 20% following chemotherapy alone. Patients 

with acute, chronic, and smoldering ATL obtained 

significant benefit from first‐line AVT alone while che-

motherapy alone was superior in lymphoma ATL. 

Achievement of CR following AVT alone in patients 

with acute ATL resulted in 82% 5‐year OS. In chronic 

ATL, treatment with AVT was associated with 100%  

5‐year survival. Multivariate analysis confirmed that 

first‐line AVT significantly improved OS of ATL patients.

Novel agents and monoclonal antibodies
Multiple preclinical or preliminary clinical studies have 

reported the efficacy of novel agents including arsenic 

trioxide either alone or combined with IFN [26–28], 

bortezomib [29], and monoclonal antibodies against 

CD25 (daclizumab) [30], CD52 (alemtuzemab) [31], 

CCR4 (KW‐0761) [32] or CD30 (brentuximab vedotin). 

The most promising results are those reported with 

the  combination of arsenic trioxide and IFN or with 

KW‐0761.

Hematopoietic stem cell 
transplantation for ATL

A review of the published literature reveals that hema-

topoietic stem cell transplantation (HSCT) has been 

applied to a limited number of ATL patients, with all the 
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reported series originating from one geographical 

location, Japan.

Autologous HSCT
High‐dose chemotherapy and autologous (auto)‐HSCT 

has been reported in only 16 ATL patients [33,34]. All 

patients relapsed or died from transplant‐related 

mortality (TRM). Hence, this treatment strategy is not 

currently recommended.

Allogeneic HSCT
Retrospective studies have confirmed that allografting 

using either myeloablative conditioning (MAC) [35–37] 

or reduced‐intensity conditioning (RIC) [38] is a fea-

sible option for patients with ATL. Age and remission 

status at HSCT were identified as predictors of survival. 

A large retrospective study included 386 patients allo-

grafted between 1995 and 2005 using either MAC or 

RIC [39]. After a median follow‐up of 41 months, the 

3‐year OS was 33%. Interestingly, donor HTLV‐I sero-

positivity adversely affected disease‐associated mortality, 

specifically for patients who received transplants from 

related donors.

Myeloablative conditioning
A large serie of 40 MAC allogeneic (allo)‐HSCT per-

formed for ATL in Japan between 1997 and 2002 has 

been reported [37]. The majority of donors were sib-

lings, five of whom were mismatched, while eight 

unrelated donors were used. Although 12 of 40 (30%) 

had resistant disease before transplant, all evaluable 

cases entered CR after allo‐HSCT but the median OS for 

all patients was only 9.6 months. The estimated 3‐year 

OS and progression‐free survival (PFS), and relapse 

rate were 45.3%, 33.8%, and 39.3%, respectively. 

Interestingly, among 10 patients with ATL relapse, five 

patients achieved CR again, three of whom attained 

remission following reduction or cessation of immuno-

suppressive agents, which suggested a graft‐versus‐ATL 

effect. TRM was high at 41%. On multivariate analysis 

the use of a related donor significantly improved the 

relapse‐free survival through a reduction in graft‐

versus‐host disease (GVHD), while the occurrence of 

acute GVHD reduced OS with no benefit in reduction 

of relapse.

Reduced‐intensity conditioning
Recently, interesting long‐term results of 30 patients 

who received RIC HSCT demonstrated OS and PFS rates 

of 36% and 31%, respectively [40].

Related donors
A nationwide Japanese retrospective analysis reported 

154 ATL patients who received allo‐HSCT from matched 

related donors [39]. Despite 37% relapse after a median 

of around 2 months and a median OS of 9.8 months, 

long‐term results were encouraging with 3‐year OS of 

41%. However, allo‐HSCT from mismatched related 

donors remains experimental. Indeed, of 43 Japanese 

ATL patients who received this transplant modality, 

51% relapsed at a median of 2 months with a median 

OS of 2.5 months and a 3‐year OS of 24% [39].

Unrelated donors
A small (N = 8) Japanese retrospective analysis dem-

onstrated the efficacy of MAC (N = 5) or RIC (N = 3) 

allo‐HSCT using unrelated donors [41]. Six patients 

(75%) were transplanted in CR. Five of eight patients 

were alive and disease‐free at median follow‐up of 20 

months after HSCT. Two early deaths were secondary 

to an encephalopathy of unknown etiology. A larger 

retrospective analysis of 33 patients with ATL who 

underwent HSCT from unrelated donors through the 

Japan Marrow Donor Program has been reported [42]. 

In this study only 13 patients (39%) were in CR at 

time of transplant. OS, PFS, and cumulative incidence 

of disease progression and progression‐free mortality 

at 1 year after allo‐HSCT were 49.5%, 49.2%, 18.6%, 

and 32.3%, respectively, indicating that allo‐HSCT 

from unrelated donors appears to be efficacious in ATL 

but with significant TRM. Univariate analysis identi-

fied recipient age (P = 0.022) and nonremission at 

time of transplant (P = 0.044) as prognostic factors, 

whereas on multivariate analysis only recipient age 

was significant for OS (P = 0.044). GVHD was not sig-

nificantly associated with survival. While grade II–IV 

acute GVHD occurred in 61% of patients, only 26% of 

long‐term survivors developed chronic GVHD, and 

thus the possible association of GVHD with a graft‐

versus‐ATL effect on OS could not be assessed. 

Previous reports have indicated that GVHD rates may 

be lower in Japanese compared to Western popula-

tions through reduced diversity of HLA genes [43]. 

The TRM in this study was high at 27%, explained in 

part by the high proportion of MAC transplants and 

the high median age.

Umbilical cord blood transplantation
A retrospective report from Japan on the use of RIC 

umbilical cord blood transplantation in 70 relatively 

elderly patients (median age 61 years), included 12 
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(17%) patients with ATL [44]. Overall nonrelapse 

mortality was high at 62%, and 2‐year OS was 23%. 

Similar poor outcome was reported in 90 patients 

undergoing single umbilical cord blood transplantation 

with a 3‐year OS of 17% [39].

Proviral load and follow‐up of minimal 
residual disease
Several reports suggested that negative minimal residual 

disease (MRD) using HTLV‐I proviral DNA following 

MAC or RIC allo‐HSCT is associated with prolonged 

remission of ATL [45–48]. However, a secondary rise in 

HTLV‐I proviral DNA or conversion from MRD nega-

tivity to MRD positivity may not necessarily indicate 

early ATL relapse. Indeed, MRD conversion may be 

related to de novo infection of donor lymphocytes. 

Hence, the significance of post‐transplant monitoring of 

HTLV‐I proviral DNA in ATL should be explored in pro-

spective studies.

Donor lymphocyte infusion and evidence for  
graft‐versus‐ATL effect
The observation that some ATL relapses could be suc-

cessfully managed with a reduction in immunosuppres-

sion suggests a graft‐versus‐leukemia effect [38,49,50]. 

Objective responses were reported in Nagasaki among 

ATL patients treated with donor lymphocyte infusion 

for relapse after allo‐HSCT. Interestingly, these responses 

were durable, with three cases of long‐term remission of 

more than 3 years [51]. A graft‐versus‐ATL effect is also 

suggested by the results of the national Japanese retro-

spective study [52].

EBMT report
A recent retrospective analysis of the European Society 

for Blood and Marrow Transplantation (EBMT) registry 

revealed 21 HTLV‐I seropositive ATL patients, including 

seven acute and 12 lymphoma subtypes [53]. Four 

patients received auto‐HSCT and rapidly died from 

ATL. Of 17 allo‐HSCT patients (4 MAC, 13 RIC), six are 

still alive (four were in CR1 at HSCT). Eleven patients 

died within 2 years, eight from relapse/progression 

and three from transplant toxicity. Six of seven infor-

mative patients who lived more than 12 months had 

chronic GVHD. Overall, allo‐HSCT but not auto‐HSCT 

may salvage a subset of ATL patients, supporting the 

existence of a graft‐versus‐ATL effect also in non‐

Japanese patients.

Recommendations for ATL therapy

Chronic and smoldering ATL
All patients with chronic and smoldering ATL should be 

treated, but not with chemotherapy. Outside clinical 

trials, the current standard therapy for chronic and 

smoldering ATL is combination therapy with AZT and 

IFN (Figure  21.1). However, this requires continuous 

therapy, since relapse always occurs when treatment is 

stopped. The recommended starting dose is AZT 900 

mg/day (in three divided doses) and IFN (5–6 million 

IU/m2 daily). Usually, after 1 month, AZT dose can be 

titrated down to 600 mg/day in two divided doses and 

IFN dose can be reduced to 3–5 million IU/day or alter-

natively 1.5 µg/kg of pegylated IFN weekly.

ATL lymphoma
Chemotherapy should be the preferred option for 

patients with ATL lymphoma. Recent results from the 

UK suggest that the combination of AVT with CHOP 

chemotherapy is superior to CHOP alone in patients 

with ATL lymphoma [55]. Finally, following recent 

encouraging results, allo‐HSCT is recommended for 

young patients with ATL lymphoma and matched 

donor.

Acute ATL
Outside clinical trials, the current standard therapy for 

acute ATL is combination therapy with AZT and IFN 

(Figure 21.1) but it should be noted that only achieve-

ment of a CR is associated with a long‐term response. 

Preliminary results indicate that patients with wild‐type 

p53 are responders [56]. However, long‐term disease 

control requires continuous therapy, since relapse is 

always noted when treatment is stopped. The recom-

mended starting dose is AZT 900 mg/day (in three 

divided doses) and IFN (5–6 million IU/m2 daily). 

Usually, after 1 or 2 months, AZT dose can be reduced to 

600 mg/day in two divided doses and IFN dose can be 

reduced to 3–5 million IU/day. Allo‐HSCT is recom-

mended for young patients with acute ATL and matched 

donor in the absence of CR after AVT.
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Supportive therapy in ATL
Hyercalcaemia should be managed with treatment of 

the disease, hydration, and bisphosphonate therapy. 

Trimethoprim–sulfamethoxazole, valacyclovir, and 

antifungal agents are recommended for the prophy-

laxis of Pneumocystis jiroveci pneumonia, viral and 

fungal infections [18]. Prophylaxis with anti‐strongy-

loidiasis agents, such as ivermectin or albendazole, 

should be considered to avoid systemic infection in 

patients with a history of past and/or present exposure 

to the parasite. Intrathecal prophylaxis should be 

considered for patients with aggressive ATL even in 

the absence of clinical symptoms because more than 

half of relapses at new sites after chemotherapy are in 

the CNS.

Conclusion

Allo‐HSCT using MAC or RIC should be considered in suit-

able patients. These include all newly diagnosed ATL lym-

phoma cases, acute ATL patients who fail to achieve CR 

with AVT, and relapsed ATL patients regardless of subtype. 

Importantly, HSCT should be planned early in the course 

of treatment because of the rapidly progressive nature of 

aggressive ATL and the potential difficulty in identifying a 

suitable donor, particularly for patients from ethnic minor-

ities. Sibling donors should be tested initially, although 

outcome seems inferior with HTLV‐I positive donors [39]. 

When matched related or unrelated donors cannot be 

identified, the use of alternative donor sources such as 

mismatched haploidentical sibling donors and umbilical 

cord blood transplantation remains experimental.

Treatment algorithm for ATL

Smoldering or 
chronic ATL

Acute ATL

AZT/IFN

AZT/IFN AZT/IFN

Allogeneic 
HSCT if 
available 

donor

No CRCR

Clinical trials

AZT/IFN
+ intrathecal chemotherapy

Evaluate p53 status
+/– combination with novel agents

(anti-CCR4 to be tested in clinical trials)

No CRCR

Clinical trials

AZT/IFN
Addition of arsenic for

MRD eradication
or

Addition of  HDAC
inhibitors (to be tested

in clinical trials)

Allogeneic 
HSCT if 
available 

donor

Response at
2 months

ATL lymphoma

Induction 
therapy

Maintenance 
therapy

Clinical trials
to test novel

agents
(anti-CCR4 or

SGN35 or
HDAC

inhibitors)

Indication for 
allogeneic HSCT

Chemotherapy LSG 15 regimen
+ intrathecal chemotherapy

+/– anti-CCR4 
OR CHOP + novel agents (anti-CCR4

or SGN35 to be tested in clinical trials)

Addition of arsenic for MRD
eradication

or
Addition of  HDAC inhibitors
(to be tested in clinical trials) 

Addition of
arsenic for 

MRD 
eradication 

Figure 21.1  Treatment algorithm for ATL. AZT, zidovudine; IFN, interferon alpha; HDAC, histone deacetylase; HSCT, hematopoietic 

stem cell transplantation; MRD, minimal residual disease.
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Origins and epidemiology of HIV/AIDS

A syndrome of immunodeficiency associated with 

atypical opportunistic infections and unusual malig­

nancies was initially recognized in the United States in 

1981 [1–3]. The acquired immunodeficiency syndrome 

(AIDS) was shortly thereafter recognized as a unique 

clinically entity and the Centers for Disease Control 

(CDC) definition of the disease achieved worldwide 

acceptance [4,5]. By 1984, investigators identified a 

retroviral infection, caused by two lentiviruses, as the 

underlying cause of AIDS. These viruses were respec­

tively termed human immunodeficiency virus (HIV) 1 

and 2 (Figure 22.1) [6,7]. Following entry into the body, 

HIV rapidly propagates throughout the lymphoid 

tissues. HIV enters host CD4+ T cells by binding to the 

CD4 surface receptor and, depending on its trophism, 

enters the cell through interaction with the CXC chemo­

kine receptor 4 (CXCR4) (X4 trophic) or C‐C chemokine 

receptor 5 (CCR5) (R5 trophic) [8]. Over time there is 

progressive depletion of naive and memory CD4+ T cells 

that leads to a profoundly immunodeficient state [9].

As of 2012, the World Health Organization (WHO) 

estimates that more than 35 million people are living 

with HIV infection, including 17.1 million women and 

3.3 million children less than 15 years of age [10,11]. 

Since the beginning of the epidemic, more than 25 

million people have died from HIV infection [12]. In 

2012 there were an estimated 2.3 million people who 

were newly infected with HIV, including 260,000 

children less than 15 years of age [11]. Today more than 

half of all those infected with HIV are women and 

heterosexual transmission of the virus accounts for a 

majority of new infections worldwide [10,11].

Highly active antiretroviral therapy

Prior to the advent of highly active antiretroviral therapy 

(HAART) care of patients with HIV/AIDS was largely 

supportive [13]. In March 1987 the Food and Drug 

Administration (FDA) approved zidovudine (AZT) as 

the first anti‐HIV antiretroviral [13,14]. The impact of 

single‐agent antiretroviral therapy was limited; by 1993 

there was evidence of HIV‐1 resistance to zidovudine. 

Additional antiretrovirals were introduced in the 

following years, but the impact of these agents was 

modest at best [15,16]. By the end of 1995, over 513,000 

cases of AIDS had been reported in the United States 

with 319,849 associated deaths [15].

At the 1996 XI International AIDS Conference in 

Vancouver, Canada, several groups reported on the pro­

found effectiveness of novel combinations of antiretro­

viral agents [15,17,18]. HAART regimens resulted in 

marked suppression of HIV viral load, promoted 

recovery of CD4+ T‐cell counts, and produced a pro­

found decline in the rate of opportunistic infections 

[19–21]. By 1997, US AIDS deaths had declined by 42% 

[15,19,20]. WHO estimates that 700,000 deaths were 

averted in 2010 alone through the use of HAART [22]. 
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In addition to reducing mortality, HAART also reduces 

transmission rates for HIV infection and decreases the 

risk of maternal–child transmission [19,22].

Cancer risk in patients with HIV/AIDS

Initial reports demonstrated that the risk of Kaposi 

sarcoma (KS) in AIDS was 2000‐fold higher than in the 

general population [23]. There was also an increased 

risk of primary central nervous system lymphoma 

(PCNSL), particularly in patients with severely depleted 

immune systems [24,25]. The initial CDC definition of 

AIDS included KS and PCNSL as AIDS‐defining diag­

noses [5]. Based on the discovery of a 60–100 fold 

increased risk of non‐Hodgkin lymphoma (NHL) in 

HIV‐infected patients, the diagnostic criteria for AIDS 

were expanded to include all forms of NHL [25–27].

HIV‐infected patients are also at higher risk for a 

number of non‐AIDS‐defining cancers [23,28–30]. The 

Swiss HIV Cohort study evaluated 7304 HIV‐infected 

individuals who were followed for a total of 28,836 

person‐years. The investigators compared the cohort 

cancer incidence with that of the general population 

and calculated standardized incidence ratios (SIRs) for 

the increased cancer risk. In addition to the AIDS‐

defining malignancies, SIRs were also increased for 

anal  cancer (33.4), Hodgkin lymphoma (HL) (17.3), 

cervical cancer (8.0), liver cancer (7.0), and nonmela­

noma skin cancers (3.2) [28].

Following the advent of HAART, the risk of AIDS‐

related lymphoma (ARL) has fallen by 50% [31,32]. 

The Swiss HIV Cohort study data demonstrate that risk 

ratios for development of ARL were much lower in 

individuals treated with HAART (24.2 vs. 99.3) [28]. 

Post HAART, ARL subtypes have also changed signifi­

cantly, with a marked decline in PCNSL [28,32–34]. 

Interestingly, the risk of HL has not decreased post 

HAART [28,35].

NHL and HL in HIV‐infected patients

Potential causes for ARL include chronic antigenic 

stimulation, profound loss of T‐cell immunity, an 

abnormal cytokine milieu, and infection by oncogenic 

viruses [4,36–41]. There is a high rate of association 

with Epstein–Barr virus (EBV), with in situ hybridiza­

tion studies demonstrating viral DNA present in 50% 

or more ARL samples [37,38]. Human herpesvirus 
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Figure 22.1  HIV‐1 virion structures. Electron micrograph of CD4+ H9 T lymphocyte infected with HIV‐1 strain IIIB (magnification 

71,250×). Arrows indicate either a budding structure at the cell margin or a dense virus core of the nucelocapsid–RNA–protein 

structure. Photo‐electron micrograph prepared at the City of Hope Electron Microscope Core by M. Miller PhD from tissue culture 

prepared by S. Li MD, Department of Virology, Beckman Research Institute of City of Hope.
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(HHV)‐8 also plays a pathogenic role in the development 

of some subtypes of ARL, including primary effusion 

lymphoma (PEL) [36,42].

More than 95% of ARL is of B‐cell derivation. The most 

common forms of ARL now include diffuse large B‐cell 

lymphoma (DLBCL) (both centroblastic and immuno­

blastic variants) and Burkitt lymphoma (BL) [33,36,42,43]. 

Some forms of NHL are seen more frequently in patients 

with severely depleted immune systems, particularly 

PCNSL and plasmablastic lymphoma that typically occurs 

in patients with CD4+ T‐cell counts below 100/μL 

[24,25,36,42]. PEL represents less than 5% of ARL [32] 

and is unique because it is associated with coinfection by 

EBV and HHV‐8 [42]. Peripheral T‐cell lymphomas are 

quite rare and account for only 3.2% of ARL [36,44].

The WHO classification system recognizes three broad 

categories of HIV‐associated lymphomas: those that also 

occur in immunocompetent patients; those that occur 

specifically in the setting of HIV infection; and those that 

also occur in other immunodeficiency states [36].

A majority of HIV‐infected patients with HL have either 

the mixed cellularity or lymphocyte‐depleted variants of 

the disease [35,36,45]. Evidence of EBV infection is found 

in 80–100% of patients with HIV‐related HL [36].

Clinical presentation

Up to 80% of patients with ARL present with advanced‐

stage disease; 50% have gastrointestinal involvement 

and approximately 30% have bone marrow involve­

ment at diagnosis. Up to 20% have evidence of CNS 

involvement at diagnosis. Patients with ARL are also 

more likely to have B symptoms (fevers, night sweats, 

weight loss >10% of body weight) at diagnosis [25,39]. 

HIV‐infected patients diagnosed with HL are also more 

likely to present with more advanced‐stage disease and 

up to 75% of patients present with B symptoms. Many 

have evidence of cytopenia and up to 60% have bone 

marrow involvement at diagnosis [35,45].

Prognosis and treatment of  
HIV‐associated lymphoma

Prior to HAART, the prognosis for ARL was poor. In a 

series of 27 patients diagnosed with ARL prior to 1989, 

median survival was 0 months [37]. Initial attempts to 

deliver meaningful therapy to patients with ARL focused 

on the use of dose‐attenuated regimens, such as low‐ 

dose m‐BACOD (methotrexate, bleomycin, doxorubicin, 

cyclophosphamide, vincristine, dexamethasone) [46]. 

Following availability of HAART, there has been a shift 

toward use of standard‐intensity regimens for patients 

with ARL and HL. This has resulted in significant improve­

ments in patient outcomes. Gopol et al. [33] evaluated a 

cohort of patients with ARL who were diagnosed between 

1996 and 2010. They reported 5‐year overall survival (OS) 

rates that had risen to 61.6% for HL, 50.0% for BL, 44.1% 

for DLBCL, and 22.8% for PCNSL. The NHL International 

Prognostic Index (IPI) has demonstrated prognostic value 

in ARL [47,48]. The combination of CD4+ T‐cell counts at 

the time of lymphoma diagnosis and the IPI can be useful 

at predicting prognosis in ARL [39,49,50].

Survival rates for HIV‐infected patients with NHL 

now clearly parallel those of non‐HIV‐infected patients 

[34]. The key to this progress has been ensuring effective 

control of HIV infection while managing this patient 

population [51]. CHOP (cyclophosphamide, doxorubicin, 

vincristine, prednisone) and rituximab (R)‐CHOP are 

well tolerated by patients [52,53]. However, patients with 

CD4+ T‐cell counts below 50/μL receiving rituximab may 

have an increased risk of infection‐related deaths [52].

Recent trials have demonstrated remarkable activity 

for infusional EPOCH‐R (etoposide, prednisone, 

vincristine, cyclophosphamide, doxorubicin, rituximab) 

[31,41]. In a 2003 trial, 39 patients with ARL were 

treated with dose‐adjusted EPOCH‐R [54]; 31 had 

DLBCL and seven BL, while 26 patients had stage III/IV 

disease. HAART was suspended until the completion of 

chemotherapy. Patients were treated for six cycles. 

Complete response (CR) and partial response (PR) rates 

were 74% and 13%, respectively. At a median follow‐

up of 53 months, OS and progression‐free survival 

(PFS) rates were 60% and 73%, respectively. Following 

resumption of HAART, patients achieved CD4+ T‐cell 

count recovery and control of viral load [54].

In a subsequent trial, 33 patients with AIDS‐related 

DLCBL received a short course of EPOCH with double‐

dose rituximab (EPOCH‐RR) [55]. Patients were treated 

with three to six cycles of therapy with treatment dura­

tion based on their response on imaging with fluorode­

oxyglucose positron emission tomography (FDG‐PET). 

Patients received a median of three cycles and 30 

patients (91%) achieved a CR. At a median follow‐up of 

5 years, OS and PFS were 68% and 84%, respectively.
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CHOP‐like regimens are ineffective for patients with 

BL and are not recommended [41,56,57]. Post HAART, 

there has been a move toward treating BL patients with 

more intensive therapeutic regimens [58–60]. These 

include the hyper‐CVAD regimen (cyclophosphamide, 

vincristine, doxorubicin, dexamethasone alternating 

with high‐dose methotrexate/cytarabine) [59], CODOX‐ 

M/IVAC [60], and other dose‐intensive regimens [58]. 

These intensive approaches produce 1‐year PFS rates of 

up to 74.1% [60] but toxicity associated with some of 

these regimens may be limit their use [58].

EPOCH‐RR appears to be both effective and well tol­

erated in HIV‐infected patients with BL. Dunleavy et al. 

[61] published their experience using EPOCH‐RR in 11 

patients with AIDS‐related BL. There were no treatment‐

related deaths and at a median follow‐up of 73 months, 

OS was 100% with PFS of 90%.

In the HAART era, HL can be treated effectively with 

regimens such as ABVD (doxorubicin, bleomycin, 

vinblastine, dacarbazine), Stanford V, and BEACOPP 

(bleomycin, etoposide, doxorubicin, cyclophosphamide, 

vincristine, procarbazine, prednisone) with reasonable 

toxicity [62–64]. In a long‐term update of outcomes for 

62 patients who were treated with ABVD for advanced 

HL, the investigators found that at 9 years median 

follow‐up, the 14‐year probability of OS was estimated 

to be 65% [62]. These results rival those for non‐HIV‐

infected patients.

Autologous hematopoietic cell 
transplantation for patients with 
AIDS‐related lymphoma

The PARMA trial established autologous hematopoietic 

cell transplantation (HCT) as the standard of care for 

patients with chemotherapy‐sensitive relapsed or 

refractory NHL [65]. Other groups have confirmed this 

finding and also demonstrated an essential role for auto­

logous HCT for patients with relapsed and refractory HL 

[66]. Autologous HCT also now represents the standard of 

care for HIV‐infected patients with relapsed and refractory 

NHL and HL who have controlled HIV infection.

Gabarre et al. [67] published the initial use of auto­

logous HCT for a patient with ARL in 1996. The patient 

underwent autologous HCT in 1994 for chemotherapy‐

sensitive BL in second CR. His post‐transplant course 

was complicated by a series of five opportunistic 

infections that culminated in his death. However, the 

patient remained in remission at the time of his death.

In 2000, this group published their expanded experi­

ence using autologous HCT for eight patients (including 

the previously reported patient) with HIV‐related lym­

phoma, seven of whom were treated with HAART [68]. 

Median age at transplant was 39 years (range 27–53). 

The group included two patients with BL, two with 

immunoblastic lymphoma, and four with HL. All the 

patients mobilized adequately with a median hemato­

poietic progenitor cell (HPC) dose of CD34+ cells of  

7.17 × 106/kg (range 4.5–17.6 × 106/kg). Five of the 

patients received total body irradiation (TBI)‐containing 

preparative regimens; the remainder received chemo­

therapy alone. One patient died prior to engraftment; 

the remainder engrafted to neutrophils at a median of 

12 days (range 9–18 days). All patients, except for the 

patient who underwent transplant prior to HAART, had 

undetectable HIV viral loads prior to transplant. Three 

patients experienced a post‐HCT rise in their viral load. 

At the time of the publication, one patient had died of 

opportunistic infection (the index patient), three had 

died of progressive lymphoma, and four were alive and 

in CR at 4 to more than 15 months post HCT.

Beginning in 2000, the City of Hope group has 

published a series of reports demonstrating the feasi­

bility, safety, and effectiveness of autologous HCT for 

patients with HIV‐related lymphomas [69–72]. In 2005, 

they reported outcomes for 20 patients treated with 

autologous HCT for high‐risk, relapsed, and refractory 

lymphoma [71]. Criteria for transplantation included 

the standard selection criteria for non‐HIV‐infected 

patients for autologous HCT, as well as the HIV‐specific 

criteria of ongoing treatment with HAART, HIV viral 

load of less than 10,000 copies/mL, and no evidence of 

opportunistic infections for 1 year prior to HCT.

This group included four patients with IPI high‐risk 

NHL who underwent HCT in first CR. Two patients 

underwent transplant for chemotherapy‐sensitive 

relapsed HL. The remaining 14 patients underwent 

transplantation for chemotherapy‐sensitive relapsed or 

refractory NHL. Median age was 44 years (range 11–68). 

At the time of transplant 17 patients had an undetect­

able viral load while the remaining three had viral loads 

ranging from 700 to 6500 copies/mL. Median CD4+  

T‐cell count at the time of transplant was 174/μL (range 

30–500). A total of 17 patients underwent HCT using 

the CBV (carmustine, etoposide, cyclophosphamide) 
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preparative regimen, while the remaining three were 

prepared with 12‐Gy fractionated TBI, etoposide and 

cyclophosphamide. All patients successfully mobilized 

CD34+ cells; the group received a median CD34+ dose of 

10.6 × 106/kg at the time of transplant. Median engraft­

ment occurred at 11 days (range 9–23). One patient 

who was on zidovudine had evidence of delayed 

engraftment. There was one transplant‐related death on 

day 22 post HCT due to the development of severe 

cardiomyopathy and renal failure. Post‐transplant 

infectious complications included cytomegalovirus 

(CMV) viremia in two patients, CMV retinitis in one 

patient, and disseminated zoster in two patients. All 

responded to therapy. At a median follow‐up of 31.8 

months (range 5.5–70 months), OS for the group was 

85% and PFS was 85%.

Eleven patients had interruptions of HAART due to 

gastrointestinal toxicities, while the remaining nine 

continued treatment throughout their transplant 

course. All patients experienced a nadir in their CD4+ 

T‐cell counts that was maximal at 6 months post HCT, 

but all patients returned to their pretransplant CD4+  

T‐cell levels by 1 year post transplant. However, many 

patients experienced a rise in HIV viral levels post trans­

plant, but 1 year after HCT 76% had undetectable viral 

loads. One patient had a persisting elevated viral load 

due to noncompliance with HAART regimen.

In 2003, Re et al. [73] reported their experience with 

autologous HCT for 16 HIV‐infected patients with 

chemotherapy‐sensitive relapsed or refractory lym­

phoma. All patients were responsive to treatment with 

HAART. Eight patients had NHL and eight had HL. Of the 

16 patients, only 12 collected adequate CD34+ HPC 

grafts. One patient suffered disease progression prior to 

HPC collection. Two patients suffered progression of lym­

phoma after HPC collection and were not able to undergo 

transplant. Ten patients received high‐dose therapy fol­

lowing the BEAM (BCNU, etoposide, ara‐C, melphalan) 

preparative regimen. These patients achieved neutrophil 

engraftment at a median of 10 days (range 8–10 days). Of 

nine patients who were assessable for lymphoma 

response, seven achieved a CR and two patients achieved 

a PR. The estimated median survival for the entire patient 

group was 18 months and the projected 2‐year OS was 

39%. The investigators continued HAART through the 

entire treatment course. Only three patients required 

interruptions in HAART due to gastrointestinal toxicity. 

While the mean CD4+ T‐cell counts dropped post 

transplant, a recovery trend was seen by 6 months. No 

worsening in HIV infection was noted.

In 2004, Gabarre et al. [74] published a retrospective 

review of 14 HIV‐infected patients who underwent 

autologous HCT. Six of the patients had relapsed or 

refractory HL; eight had relapsed NHL. The latter group 

included two patients with BL and one with PEL. 

Median age was 37 years (range 27–53). All patients 

received salvage chemotherapy prior to transplant; three 

patients had progressive disease and 11 responded (eight 

CR, three PR). All patients collected adequate HPC grafts 

with a median CD34+ cell yield of 5.8 × 106/kg (range 

2.8–20 × 106/kg). Five patients were conditioned with 

BEAM; five received TBI and cyclophosphamide; two 

received TBI, cyclophosphamide, and thiotepa; one 

received TBI and melphalan; and one received busulfan, 

cytarabine, and melphalan. Seven patients died from 

relapsed lymphoma, one died from a secondary malig­

nancy at 28 months post HCT, one patient died from 

AIDS‐related complications at 16 months, and five 

remained alive at the time of the report. There was no 

loss of control over HIV infection following transplanta­

tion, although two patients experienced a spike in their 

viral loads following HAART interruption due to 

transplant‐related gastrointestinal toxicity.

In a multicenter prospective trial published in 2005 by 

Serrano et al. [75], 14 patients with high‐risk or relapsed 

HIV‐related lymphoma underwent autologous HCT. The 

median patient age was 39.5 years (range 31–61). All 

patients were treated with HAART and had no opportu­

nistic infections at the time of transplant. Three patients 

had HL and 11 had NHL (two anaplastic large cell, three 

BL or Burkitt‐like, and six DLBCL). Ten patients had 

chemotherapy‐sensitive relapsed or refractory lym­

phoma while four had high‐risk NHL in first CR. All the 

patients collected HPC products successfully. Patients 

were prepared with either BEAM or BEAC (carmustine, 

etoposide, cytarabine, cyclophosphamide). Three 

patients died from disease progression prior to HCT. At a 

median of 30 months post HCT (range 7–36 months), 

the projected event‐free survival (EFS) for the group 

was 65%. Of note, one of the patients in the group 

developed CMV infection following transplant.

In the AIDS Malignancy Consortium Study 020, the 

investigators prospectively studied autologous HPC in 

27 patients with HIV‐associated lymphoma [76]; 27 

patients were enrolled in trial, but only 20 proceeded to 

HCT. Two patients failed to collect an adequate HPC 
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dose, one developed cardiac toxicity, and four pro­

gressed prior to transplant. Patients were transplanted 

using the busulfan/cyclophosphamide preparative reg­

imen. There was one transplant‐related death due to 

venoocclusive disease of the liver. Neutrophil recovery 

was achieved at a median of 11 days (range 9–16 days). 

Nine of the patients demonstrated disease progression 

prior to day 100 following transplant. For the entire 

group, the median EFS was 23 weeks. As part of this 

trial, the investigators assessed CD4+ T‐cell levels and 

HIV viral load during the peritransplant period and for 

12 months afterward. Significant inter‐patient vari­

ability was seen for both viral load and CD4+ T‐cell 

counts. Some decrements in CD4+ T‐cells counts were 

seen in the post‐HCT period and some patients experi­

enced spikes in their HIV viral load.

In 2009, Re et al. [77] published the results of an 

intention‐to‐treat study of 50 HAART‐treated patients 

with HIV‐related lymphoma. Median age was 39 years 

(range 28–59 years). The patients included 19 with HL 

and 31 with NHL. The patients had either relapsed or 

refractory disease. The patients received two to four 

cycles of salvage chemotherapy to test for responsive­

ness. Two of the patients died from therapy‐related tox­

icity, 10 were chemotherapy resistant, and 38 

chemotherapy sensitive. One patient withdrew from 

the study and 37 patients underwent HPC mobilization; 

six failed to mobilize. Of the 31 remaining patients, four 

developed disease progression. A total of 27 patients 

underwent high‐dose therapy using the BEAM reg­

imen. The patients engrafted at a median of 10 days 

(range 8–14). Post HCT, 24 patients achieved a CR and 

three had evidence of progressive disease. Of the 24 

patients who achieved a CR, 21 remained in CR at the 

time of the study publication. Median survival for the 

entire patient cohort was 33 months. In the subgroup of 

27 patients who underwent HCT, estimated PFS and OS 

were 75.9% and 74.6%, respectively, at a median of 44 

months follow‐up. Patients experienced nadir CD4+  

T‐cell counts at approximately 3 months post transplant 

with recovery by 6 months. Of 23 patients who had an 

undetectable viral load before HCT, eight developed a 

rise in the viral load after transplant, one of whom failed 

to suppress below the detectable level in the subsequent 

year. Five patients developed either CMV viremia or vis­

ceral disease post transplant.

In a retrospective review from the European Society 

for Blood and Marrow Transplantation (EBMT) Lymphoma 

Working Party registry, 68 patients with HIV‐related 

lymphoma who had undergone autologous HCT were 

analyzed [78]. Patients were treated at 20 different insti­

tutions with either the BEAM preparative regimen (65 

patients) or TBI‐containing regimens (three patients). 

These included 50 patients with NHL and 18 patients 

with HL. Of the patients, 16 were in first CR, 19 were in 

a second or greater CR, 25 were in PR, and eight patients 

had induction failures or chemotherapy‐resistant disease. 

Median age was 41.3 years (range 29–62.5). Median 

time to neutrophil engraftment was 11 days (range 

8–36). Four patients died from nonrelapse mortality, 

including one who died from multiorgan failure on day 

15. At a median follow‐up of 32 months, the 3‐year 

estimated PFS and OS were 56% and 61%, respectively.

Two groups have now published case–control studies 

of autologous HCT for patients with HIV infection versus 

those without HIV infection that demonstrate 

comparable outcomes between the two groups. 

Krishnan et al. [72] compared 29 patients with HIV‐

related lymphoma with 29 HIV‐negative controls who 

were matched for age, gender, time to transplant, trans­

plant year, histology, number of prior regimens, disease 

status at transplant, and transplant preparative regimen. 

Figure 22.2 shows the results for OS by HIV status. The 

2‐year estimated disease‐free survival (DFS) for the 

group of HIV‐infected patients was 76% versus 56% for 

the control group (P = 0.33). Nonrelapse mortality was 

not statistically significant between groups (11% 

mortality in HIV‐infected patients vs. 4% in the 

uninfected group; P = 0.18).

In a case–control study from the EBMT Lymphoma 

Working Party registry, investigators compared the 

results of autologous HCT for 53 patients with HIV‐

related lymphoma (35 with NHL and 18 with Hodgkin 

lymphoma) with 53 noninfected patients [79]. Patients 

were matched for age, histology, pretransplant 

treatment, disease status at transplant, preparative 

regimens, and post‐HCT treatment. The only statistically 

significant differences between the patient groups were 

that the HIV‐infected group had a higher proportion 

of  male patients (P = 0.05) and a greater number of 

patients with the mixed cellularity subtype of HL  

(P = 0.01). The patient groups had similar rates of PFS, 

OS, and relapse rates.

The aggregate results from the trials cited in this section 

are detailed in Table 22.1. The trials reviewed here pro­

vide some important guidance regarding autologous HCT 
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in HIV‐infected patients. Patients who have uncontrolled 

or untreatable HIV infection are not appropriate candi­

dates for transplantation. Zidovudine‐containing HAART 

regimens may result in delayed engraftment or a failure 

to engraft. Patients should therefore be switched to an 

appropriate regimen that does not include zidovudine. In 

the post‐transplant period, patients should receive appro­

priate prophylaxis for Pneumocystis jiroveci pneumonia and 

herpesviruses and should be monitored closely for 

evidence of CMV viremia by qPCR (quantitative real‐

time polymerase chain reaction) blood assay. In the event 

of detection of viremia, patients should be treated pre­

emptively with gancyclovir or another appropriate agent.

Mobilization, collection, and 
management of HPC products from 
HIV‐infected patients

In the studies reviewed in the previous section, only a 

small number of HIV‐infected patients have failed to mobi­

lize adequate numbers of HPC. Re et al. [80] reviewed the 
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Figure 22.2  A case–control comparison of 20 HIV‐infected and 20 HIV‐uninfected patients who underwent autologous HCT for the 

treatment of relapsed or refractory lymphoma. Patients were matched for age, gender, date of transplant, histology, disease status 

at transplant, number of prior regimens, and preparative regimen. Overall survival between groups is not statistically significantly 

different. From Krishnan et al. [72]. Reproduced with permission of Elsevier.

Table 22.1  Overall patient survival for six published studies evaluating the impact of autologous hematopoietic cell transplantation 
in patients with HIV‐associated NHL and HL. None of the trials were randomized.

Reference Failed to 

mobilize (N)

Patients transplanted (N) TRM (%) Median follow‐up 

(months)

Overall 

survival (%)

Krishnan et al. [71] 0 20 5 31.8 85

Spitzer et al. [76] 2 20 5 5.8 Median EFS 

23 weeks

Re et al. [73] 4 10 0 18 39

Re et al. [77] 6 27* 0 44 74.6†

Serrano et al. [75] 0 11 0 32 73

Balsalobre et al. [78] NA 68 7.5 32 61

*This was an intention‐to‐treat trial of patients with relapsed and refractory HIV‐related lymphoma. Fifty patients were enrolled in the trial; only 
27 underwent autologous HCT.
†For the entire group of 50 patients, median survival was 33 months. The overall survival result is reported only for the subset of 27 patients 
who underwent autologous HCT.
EFS, event‐free survival; TRM, transplant‐related mortality.
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outcomes for 155 HIV‐infected patients who underwent 

autologous HPC mobilization at 10 different European 

centers. These included 120 patients with NHL and 35 with 

HL, 31% of whom were in CR. The majority (86%) of the 

patients underwent collection with chemotherapy fol­

lowed by granulocyte colony‐stimulating factor (G‐CSF), 

while 14% underwent mobilization with G‐CSF alone. A 

total of 113 patients achieved collection goals while 42 

failed to mobilize adequately. Patients appeared to mobilize 

more efficiently with the combination of chemotherapy 

followed by G‐CSF. In a multivariate analysis, refractory 

lymphoma (P = 0.03) and CD4+ count less than 237/μL (P 

= 0.009) predicted failure to mobilize. For those patients 

who fail to mobilize adequately with the aforementioned 

measures, the use of plerixafor should be considered as an 

adjunct to chemotherapy and G‐CSF [81].

Once hematopoietic stem cells are collected from 

HIV‐infected patients, they may be subject to additional 

national, state, and local regulations during storage. The 

FDA requires (21CFR 1270 and 1271) that such prod­

ucts treated as nonconforming need to be marked with 

a biohazard sticker. At the City of Hope, these cells are 

cryopreserved in the vapor phase of liquid nitrogen in a 

separate quarantine cryofreezer that is used for storage 

of nonconforming products [82].

HIV infection and immunological 
recovery after transplant

A number of the studies detailed in this chapter demon­

strate that patients may have spikes in HIV viral load 

post HCT [68,71,75,76]. The risk is higher for those 

patients who have interruptions in HAART. It is unclear 

what impact myeloablative therapy may have on the 

HIV viral reservoir; however, there is no evidence that 

autologous HCT can eradicate HIV infection. Even in 

those with undetectable viral loads, there is still evidence 

of residual HIV. Cillo et al. [83] evaluated 10 HAART‐

treated patients who underwent autologous HCT for 

HIV‐related lymphoma who had HIV‐1 RNA levels 

suppressed below 50 copies/mL using standard assays. 

Patient plasma samples were collected at a median of 

686 days post transplant and were evaluated using 

qPCR with a single‐copy sensitivity assay. In addition, 

peripheral blood mononuclear cells were analyzed for 

HIV‐1 cDNA or 2‐LTR circles (nonintegrated HIV cDNA). 

Nine of the patients had detectable low‐level plasma 

viremia and all had evidence of residual HIV DNA using 

the combined methods.

Patients with HIV infection appear to have post‐

transplant T‐cell reconstitution comparable to that of non­

infected patients. Even among noninfected patients there 

is ample evidence for qualitative abnormalities of T‐cell 

reconstitution that persist up to 1 year following transplant 

[84]. While CD8+ cells may recover numerically 2 months 

after HCT, CD4+ T cells frequently fail to reach normal 

levels, even by 12 months, and recovery of naive CD4+ T 

cells may be quite delayed [84]. Thymic maturation of T 

cells is an important component of immunologic reconsti­

tution following autologous HCT [85]. During thymic 

maturation of T cells, excision of circular fragments of 

DNA occur during T‐cell receptor gene rearrangements 

and may serve as markers of the rate of T‐cell development. 

These are termed T‐cell receptor excision circles (TRECs) 

and they may serve as markers of T‐cell recovery following 

immunosuppressive or myeloablative therapy [86,87].

Simonelli et al. [88] prospectively assessed post‐HCT 

immunologic recover in 24 HIV‐infected and nine non­

infected patients. Patients were evaluated by a flow 

cytometric T‐cell subset analysis, TREC enumeration, 

and assessment of HIV viral RNA and DNA levels by 

qPCR. The two patient groups were comparable for 

histology, prior therapy, number of previous chemo­

therapeutic cycles, disease stage, and status at trans­

plant. There was no difference in pre‐HCT CD4+ T cell, 

CD56+ and CD19+ cell counts between the groups; TREC 

levels were comparable as well. The groups only differed 

in that HIV‐infected patients had higher CD8+ cell counts 

prior to transplant (P = 0.004) and therefore had a lower 

CD4+/CD8+ ratio (P < 0.001). Both groups had a nadir in 

CD4+ T‐cell counts following HCT, with recovery 

continuing through 24 months post transplant, when 

the HIV‐infected and noninfected groups reached 

58%  and 47% of their pretransplant values, respec­

tively. TREC recovery was comparable between the two 

groups, with both groups achieving higher than baseline 

levels by 12 months. During transplant, 10 of the 

patients had interruptions in HAART due to transplant‐

related toxicity; eight experienced subsequent rebound 

viremia. At 24 months post HCT, HIV DNA levels 

appeared to be lower than those at baseline. Other 

investigators have found comparable levels of T‐cell 

reconstitution post HCT in HIV‐infected patients [89,90].
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Allogeneic transplantation: the 
“Berlin patient” and a path toward a 
cure for HIV

In 1989, Holland et al. [91] published a case report 

describing a 41‐year‐old man with AIDS‐related lym­

phoma who was treated with fully ablative allogeneic 

HCT. The preparative regimen consisted of TBI and 

cyclophosphamide. Prior to transplant, the patient was 

treated with high‐dose zidovudine and it was continued 

post transplant. The patient engrafted by day 17 and 

demonstrated evidence of complete donor chimerism. 

Post‐HCT qPCR analysis of peripheral blood was nega­

tive for HIV at day 32. Unfortunately, the patient died 

from progressive lymphoma on day 47. Postmortem 

analysis of samples of the patient’s lymph nodes, bone 

marrow, brain, and lymphoma did not demonstrate evi­

dence of HIV by either tissue culture or PCR.

A number of groups attempted to extend allogeneic 

HCT to HIV‐infected patients throughout the pre‐

HAART era [92–94]. These attempts were largely unsuc­

cessful, with the majority of patients dying in the year 

following transplant. There was little evidence of any 

impact on the underlying HIV infection [95]. In an anal­

ysis of 17 published case reports and trials describing the 

outcomes for allogeneic HCT for HIV‐infected patients in 

the pre‐HAART era, Hütter and Zaia [95] calculated that 

aggregate OS for these patients was less than 15%. In a 

review of Center for International Bone and Marrow 

Transplant Research (CIBMTR) registry data on HIV‐

infected patients who underwent allogeneic HCT pre 

HAART, Gupta et al. [96] found that at a median follow‐

up of 59 months only two of 14 patients remained alive.

HAART has made it possible to offer effective alloge­

neic transplantation to HIV‐infected patients. In their 

review of 14 case reports and trials of allogeneic HCT for 

HIV‐infected patients in the post‐HAART era, Hütter 

and Zaia [95] reported an OS of approximately 50%. 

Three of these trials included patients who were under­

went allogeneic HCT for treatment of NHL. In their 

CIBMTR dataset review of nine patients who under­

went allogeneic transplant in the post‐HAART era, 

Gupta et al. [96] reported that four of the nine patients 

remained alive at a median follow‐up of 59 months.

Only a subset of those patients who have undergone 

allogeneic HCT in either the pre‐ or post‐HAART eras 

have received their transplants for the management of 

lymphoma. In the CIBMTR dataset, 10 of the 23 patients 

were treated for relapsed or refractory lymphoma, but 

the report does not describe disease‐specific outcomes in 

this group [96]. In 1999, Campbell et al. [97] reported 

results for an HIV‐infected patient who underwent syn­

geneic HCT for the treatment of relapsed chemotherapy‐

sensitive immunoblastic lymphoma. The patient 

received CBV conditioning and received mobilized HPC 

from his syngeneic brother. He received no immuno­

suppressive therapy following HCT. HAART was briefly 

interrupted 12 days post HCT due to toxicity. At the 

time of the report, the patient was 1 year post transplant 

and remained in CR, but his viral load at 13 months post 

HCT was still detectable (5000 copies/mL).

In 2002, Kang et al. [98] reported two patients who 

underwent nonmyeloablative allogeneic HCT for acute 

myelogenous leukemia (AML) and refractory HL. Both 

patients were treated with HAART at the time of trans­

plant. The AML patient had a viral load of 494/mL while 

that of the patient with HL was undetectable. The pre­

parative regimen consisted of fludarabine and cyclo­

phosphamide. Graft‐versus‐host disease (GVHD) 

prophylaxis consisted of cyclosporine alone. The patient 

with AML received a gene‐modified HPC graft while the 

HL patient received an unmanipulated graft. By day 96, 

both patients achieved 100% donor chimerism and 

both achieved a CR. Both patients developed grade II 

acute GVHD of the skin. Unfortunately, the patient with 

HL relapsed by day 180 post HCT and died within 1 year. 

The patient treated for AML demonstrated an undetect­

able HIV viral load post transplant and remained in 

remission at the time of the report.

Bryant and Milliken [99] published a case report of a 

patient who underwent allogeneic HCT for the 

treatment of HIV‐related PEL. The patient initially 

underwent autologous HCT following BEAM for 

management of a chemotherapy‐sensitive relapse. 

Based on his high risk for relapse, the investigators 

subsequently treated the patient with consolidative 

allogeneic HCT from an HLA‐compatible sibling. The 

preparative regimen consisted of fludarabine and mel­

phalan and GVHD prophylaxis consisted of tacrolimus, 

sirolimus, and mini‐dose methotrexate. HAART was 

continued through the transplant and post‐transplant 

period. Neutrophil engraftment occurred by day 17. The 

patient developed grade I acute GVHD of the skin that 

was managed with corticosteroids. The patient’s HIV 
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viral load remained undetectable throughout his course. 

At 31 months post HCT, the patient remained in CR.

The Ohio State University group published their 

experience using reduced‐intensity allogeneic HCT for 

three HIV‐infected patients, one with AML in second 

CR and two with ARL (BL and plasmablastic lym­

phoma) [100]. The conditioning included fludarabine 

and busulfan; the two lymphoma patients also 

received antithymocyte globulin (ATG). All the 

patients continued HAART uninterrupted throughout 

their transplant course. All patients achieved 100% 

lymphoid donor chimerism. One patient developed 

grade II acute GVHD and all the patients developed 

chronic GVHD (two extensive). At the time of publica­

tion, all three patients were alive, free of evidence of 

disease, and remained off all immunosuppressive 

therapy (range 368–802 days). At more than 1 year 

post HCT, only one patient had a detectable HIV viral 

load of 363/mL.

While early in the pre‐HAART era some had naively 

hoped that allogeneic transplant might help eradicate 

HIV infection, these hopes had been largely dashed. 

However, the “Berlin patient” has upended our expec­

tations about the potential to eradicate HIV through 

allogeneic HCT. By 1996, investigators had identified 

some individuals who, despite multiple high‐risk 

exposures, remained free of evidence of HIV infection 

[8,9]. Further analysis demonstrated that these individ­

uals shared a common homozygous variant of the 

CCR5 gene that included an internal 32‐bp deletion 

that resulted in a truncated version of the CCR5 

receptor protein [8]. This is referred to as the CCR5 Δ32 

allele. It is found in up to 16% of people of northern 

European descent and is encountered far less frequently 

in individuals of Asian and African descent [101]. 

Approximately 1% of the white population is homozy­

gous for this gene and it confers protection against 

infection by R5 trophic variants of HIV.

In 2009, Hütter et al. [102] reported long‐term 

control of HIV infection in a patient following alloge­

neic HCT using a CCR5 Δ32 homozygous unrelated 

donor. The patient was a 40‐year‐old man with long­

standing HIV infection who underwent allogeneic 

transplant for AML that relapsed 7 months following 

standard induction and consolidation therapy. At the 

time of AML diagnosis, the patient had a viral load that 

was undetectable and the CD4 T‐cell count was 

415/μL. The patient received an allogeneic HCT from 

an unrelated donor who was CCR5 Δ32 homozygous. 

HAART was interrupted prior to transplant. The 

patient received a CD34+ cell‐selected graft. GVHD 

prophylaxis consisted of ATG, cyclosporine, and myco­

phenolate. The patient achieved engraftment on day 

13. He developed grade I skin GVHD that responded to 

therapy. By 332 days post HCT the patient developed 

evidence of early relapse and was retreated with cyta­

rabine and gemtuzumab. He subsequently received a 

second transplant from his original donor following 

2‐Gy TBI. At the time of the original report, the patient 

remained in remission and had an undetectable HIV 

viral load despite interruption of HAART at 20 months 

post HCT. The last detectable HIV viral load was noted 

on day 20 follow transplant. Evaluation of multiple tis­

sues, including bone marrow, blood, and rectal mucosa 

demonstrated no evidence of HIV. The patient is now 

more than 6 years post HCT and has no evidence of 

recurrent HIV [103].

Investigators in Boston raised the question as to 

whether HIV could be eradicated following allogeneic 

HCT using donors who are not CCR5 Δ32 homozygous 

[104]. They treated two patients with HIV infection for 

relapsed HL and DLBCL, respectively. Both patients 

underwent allogeneic transplant and received HPC 

grafts from CCR5 wild‐type donors. HAART was 

continued throughout the entire transplant course. 

Patients were evaluated for persistence of HIV using 

PCR quantification of HIV DNA and 2‐LTR circles. While 

HIV was readily detected prior to transplant and up to 3 

months post HCT, subsequent analysis up to 3.5 years 

post transplant did not demonstrate evidence of detect­

able HIV. The investigators raised the question as to 

whether the transplant procedure may have led to a 

sustained reduction in the HIV‐1 reservoir. 

Unfortunately, both patients suffered detectable returns 

in HIV at 12 and 32 weeks, respectively, following 

cessation of HAART [105].

It is unclear whether allogeneic HCT with wild‐type 

CCR5 donors can potentially affect the HIV reservoir. The 

triumph of the “Berlin patient” requires further validation 

as to whether this experience can be repeated or whether 

it can be replicated outside of the setting of a CCR5 Δ32 

homozygous donor. Toward that end, the National Heart 
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Lung and Blood Institute and National Cancer Institute 

are sponsoring an ongoing trial of allogeneic transplanta­

tion for patients with advanced hematologic malig­

nancies (clinicaltrials.gov, NCT01410344). Important 

secondary end points of this trial include evaluation of 

immunologic reconstitution of this patient population, 

the impact of transplant on the HIV viral reservoir, and 

long‐term assessment of patient immunologic function. 

As part of this 15‐patient trial, the investigators are 

searching for potential CCR5 Δ32 homozygous unrelated 

donors who might help to further validate the experience 

of Hütter and his colleagues.

Transplant as a platform for gene 
therapy

Allogeneic or autologous HCT may provide a platform 

for transplantation of gene‐manipulated cells that 

could have the potential to impact HIV infection 

[106]. In 2001, Kang et al. [98] performed an alloge­

neic transplant in a patient with AML who received a 

gene‐modified graft. The CD34+ cell graft was trans­

duced with a transdominant Rev (TdRev) engineered 

to inhibit wild‐type Rev. At 2 years post transplant, 

the patient demonstrated an undetectable HIV viral 

Triple RNA lentiviral vector

rHIV7-shI-TAR-CCR5RZ

RU3 U5CMV RRER U5 ψ �ap

VA1 CCR5RZU6 TARU6 shI

WPRE

5′
-G

C
G

G
A

G
A

C
A

G
C

G
A

C
G

A
A

G
A

G
C

3′
-U

U
C

G
C

C
U

C
U

G
U

C
G

C
U

G
C

U
U

C
U

C
G

U
U

U
G U G

U
A

G

shI

Tat/Rev

TAR decoy

Ribozyme

CCR5 mRNA

U16 snoRNA

 

U

U

U
U

U
U

U

G G

G

G U

U U

U

U
U

U
U

U

U U

U U

U

UC

C

C

C

C
C

C CA A

CC CA

A

A

A
A

A

A

A

A A A

A A–5′
–3′AG

G

G
G G

G
G

G
G

G

GG

G

G

G

G
G

G
G

G
A

Cleavage site
A

A

A

U

U

UU
G

G
G

C

D boxC box A
A

C
C

C

C

C
C

C
C

C

5′
3′-

Figure 22.3  John Rossi, a pioneer in the field of RNA biology, developed a triple RNA construct targeting multiple cellular and viral 

molecules required for viral entry, replication, and maturation into mature virions. These small RNAs are driven from U6 and VA1 

(PolIII) promoters and are thus expressed at high levels in recipient cells.



228      Clinical Guide to Transplantation in Lymphoma

load and persistence of marked cells at a level of 

approximately 0.01%.

The City of Hope group performed autologous HCT 

in four patients with ARL using gene‐modified HPC 

grafts [107]. The investigators performed CD34+ cell 

selection on the HPC products, then subsequently 

transfected them using a lentiviral vector that included 

three anti‐HIV‐directed RNA moieties. These included 

a Tat/Rev short hairpin RNA (shRNA), a TAR decoy, 

and a CCR5 ribozyme used in an attempt to render a 

functional knockout of CCR5 expression (Figure 22.3). 

Patients received both gene‐manipulated and unma­

nipulated grafts. At a median follow‐up of 18 months 

all patients remained in complete remission and two 

of the patients demonstrated quantifiable levels of 

gene marking (between 0.04 and 0.12%); the other 

two demonstrated unquantifiable but detectable 

levels of gene marking [107]. A number of groups 

have proposed alternative HCT‐based gene therapeutic 

approaches for HIV‐infected patients [98,106,108,109]. 

There are a significant number of technical barriers 

that need to be overcome before cure of HIV infec­

tion can be attempted using a gene therapy‐based 

approach.

Conclusion

Over the past three decades there have been extra­

ordinary strides in the care of patients suffering from 

HIV‐related malignancies. HIV infection is associated 

with a profound degree of immunologic depletion 

that markedly increases the risk of lymphoma, yet 

compromises our ability to deliver effective care to 

this patient population. The advent and widespread 

availability of HAART has completely altered the 

prognosis for patients with ARL by making intensive 

therapeutic approaches both safe and effective. 

Outcomes for autologous HCT are equivalent 

between HIV‐infected and noninfected patients with 

NHL and HL. We are in the process of verifying that 

allogeneic transplantation also represents the stan­

dard of care for HIV‐infected patients with advanced 

hematologic malignancies. In the process, we con­

tinue to explore transplant‐based therapeutic 

approaches, including gene‐based therapeutics, that 

may hold the promise of a path toward the eradica­

tion of HIV infection.
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Addendum

The Blood and Marrow Transplant Clinical Trials Network (BMT 

CTN)/AIDS Malignancy Consortium (AMC) 0803/071 trial is a 

prospective trial of autologous hematopoietic cell transplantation 

for patients with persistent and relapsed NHL and HL. In total, 40 

patients underwent transplant using the BEAM preparative reg­

imen. The patients were managed with a consistent approach to 

HAART. The use of zidovudine was prohibited due to its myelo­

suppressive effects. Antiretrovirals were held during the pre­

parative regimen and were resumed 7 days post transplant or 

following complete resolution of significant transplant-related 

gastrointestinal toxicities. At a median follow-up of 24 months, 

the 1-year estimated OS and PFS were 86.6% and 82.3%, 

respectively. Transplant-related mortality for the group was 

5.2%. The trial group was compared with 151 non-HIV-infected 

patients who were matched for age, performance status, diag­

nosis, disease response at the time of transplant, and performance 

status. These comparison patients were identified using the 

CIBMTR data registry. OS and PFS were not statistically signifi­

cantly different between the HIV-infected patients treated on trial 

and the CIBMTR comparison group. In light of these data and 

given the body of evidence supporting the use of autologous 

transplant for patients with persisting and relapsed HIV-related 

lymphoma (HRL), transplant should be viewed as the standard of 

care for patients with chemotherapy-sensitive HRL who other­

wise meet standard transplant criteria (http://www.bloodjournal.

org/content/124/21/674?sso-checked=true).

http://www.cnn.com/2013/12/07/health/hiv-patients/
http://www.cnn.com/2013/12/07/health/hiv-patients/
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Epidemiology and clinical 
presentation

Mycosis fungoides (MF) and Sézary syndrome (SS) 

are  the most common subtypes of cutaneous T‐cell 

lymphoma (CTCL). MF and SS are more common in 

men and in the white population [1]. MF is characterized 

by skin patches or plaques that can be confused with 

common dermatologic conditions such as psoriasis or 

eczema. Lymph node and visceral involvement typically 

occur after a long interval of isolated cutaneous involve­

ment but can be present at diagnosis. Apparent lymph 

node involvement by computed tomography (CT) or 

positron emission tomography (PET) frequently represents 

reactive (dermatopathic) changes and suspected lymph 

node involvement should be confirmed by biopsy. Peri­

pheral T‐cell lymphoma (PTCL) can frequently involve 

the skin and can be difficult to distinguish from MF with 

nodal involvement in patients who present initially 

with both nodal and cutaneous involvement.

The most common, and disabling, symptom of MF/SS 

is pruritus. Alopecia and nail hypertrophy are also 

common. Patients with CTCL are endogenously immu­

nosuppressed so concomitant infections, particulary cuta­

neous superinfection with Gram‐positive organisms such 

as Staphylococcus aureus, are very common.

Pathology

MF is typified by an epidermotrophic infiltrate of 

atypical lymphocytes classically manifesting as Pautrier’s 

microabscesses (intraepidermal lymphocyte aggregates) 

[2]. Establishing T‐cell clonality by polymerase chain 

reaction (PCR) can support the diagnosis though a clonal 

infiltrate cannot be identified in all cases. Similarly, 

clonal T‐cell infiltrates can occur in nonmalignant skin 

conditions, such as psoriasis. To further confuse the 

picture, MF can have an inflammatory prophase during 

which the classic histologic findings or clonal T‐cell 

population are not manifest and often serial skin biopsies 

over many years are necessary to establish the diagnosis 

[3]. SS is characterized by generalized erythroderma and 

a circulating population of abnormal mononuclear cells 

with a grooved (cerebriform) nucleus. The cell of origin 

is generally a CD4‐positive skin‐homing T cell or central 

memory T cell that expresses CD3, cutaneous lympho­

cyte antigen (CLA), CCR4, and CCR7. The vast majority 

of cases are CD26 negative and loss of CD7 is also 

extremely common. Loss of other mature T‐cell markers 

such as CD2 and CD5 is common but not as common as 

loss of CD7 or CD26. MF and SS probably represent a 

spectrum of the same disease, with no significant histo­

logic differences between the two [4]. SS may evolve out 

of preexisting MF or may present as de novo disease. MF 

can transform to a more aggressive process frequently 

characterized by CD30 expression [5].

Staging

The staging of MF integrates the pattern and extent 

of cutaneous involvement with the presence or absence 

of lymph node, peripheral blood, and/or visceral 

involvement. Differing degrees of nodal involvement 
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and peripheral blood involvement further affect the 

staging system (Tables 23.1 and 23.2). Seventy percent 

of patients present with early‐stage disease (IA–IIA) 

while 30% present with advanced‐stage disease  (IIB–

IVB). In one large series the median overall survival 

(OS) for all diagnosed patients was 24 years, although 

disease‐specific survival had not been reached. Only 8% 

of patients died of disease [6]. The 5‐year OS for SS is 

only 11% [7].

Nontransplant therapies

A detailed description of the treatment of MF/SS is 

beyond the scope of this chapter. However, some gen­

eral principles can be noted. Patients with early‐stage 

disease (IA–IIA) are typically managed with skin‐

directed therapies such as moderate‐ to high‐potency 

topical corticosteroids, topical nitrogen mustard, topical 

retinoids, and/or external beam or electron beam radio­

therapy. Phototherapy with either narrow or broad‐

band ultraviolet (UV)B radiation or a combination of 

psoralen and UVA radiation (PUVA) is also used. Patients 

who present with stage IA infrequently require systemic 

chemotherapy over the course of their illness.

Systemic chemotherapy is often necessary in advanced‐

stage disease (IIB–IV). The use of combination chemo­

therapy regimens has not been shown to be superior to 

sequential single‐agent treatments. The most commonly 

utilized initial systemic therapy in MF is bexarotene. The 

overall response rate is 45–55% [8]. Other agents 

approved by the Food and Drug Administration (FDA) 

Table 23.1  International Society for Cutaneous Lymphomas/
European Organization for Research and Treatment of Cancer 
(ISCL/EORTC) classification of mycosis fungoides and Sézary 
syndrome.

T N M B

I 1 0 0 0,1

IB 2 0 0 0,1

II 1,2 1,2 0 0,1

IIB 3 0–2 0 0,1

IIIA 4 0–2 0 0

IIIB 4 0–2 0 1

IV

IVA1 1–4 0–2 0 2

IVA2 1–4 3 0 0–2

IVB 1–4 0–3 1 0–2

Source: Olsen et al. [27]. Reproduced with permission of American 
Society of Hematology.

Table 23.2  International Society for Cutaneous Lymphomas/
European Organization for Research and Treatment of Cancer 
(ISCL/EORTC) revision to the classification of mycosis 
fungoides and Sézary syndrome.

TNMB stages

Skin

T1 Limited patches, papules, and/or plaques covering 

<10% of the skin surface. May further stratify into T1a 

(patch only) vs. T1b (plaque ± patch)

T2 Patches, papules or plaques covering ≥10% of the skin 

surface. May further stratify into T2a (patch only) vs. T2b 

(plaque ± patch)

T3 One or more tumors (≥1 cm diameter)

T4 Confluence of erythema covering ≥80% body surface area

Node

N0 No clinically abnormal peripheral lymph nodes; biopsy 

not required

N1 Clinically abnormal peripheral lymph nodes; 

histopathology Dutch grade 1 or NCI LN0–2

  N1a Clone negative

  N1b Clone positive

N2 Clinically abnormal peripheral lymph nodes; 

histopathology Dutch grade 2 or NCI LN3

  N2a Clone negative

  N2b Clone positive

N3 Clinically abnormal peripheral lymph nodes; 

histopathology Dutch grades 3–4 or NCI LN4; clone 

positive or negative

Nx Clinically abnormal peripheral lymph nodes; no 

histologic confirmation

Visceral

M0 No visceral organ involvement

M1 Visceral involvement (must have pathology confirmation 

and organ involved should be specified)

Blood

B0 Absence of significant blood involvement: ≤5% of 

peripheral blood lymphocytes are atypical (Sézary) cells

  B0a Clone negative

  B0b Clone positive

B1 Low blood tumor burden: >5% of peripheral blood 

lymphocytes are atypical (Sézary) cells but does not meet 

the criteria of B2

  B1a Clone negative

  B1b Clone positive

B2 High blood tumor burden: ≥1000/μL Sézary cells with 

positive clone
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to treat recurrent MF are the histone deacetylase inhib­

itors vorinostat and romidepsin [9,10]. Interferon‐alpha 

is also  a commonly utilized therapy in MF, frequently 

in combination with PUVA.

Traditional cytotoxics used to treat MF include oral 

methotrexate, alkylating agents, nucleoside analogs, 

gemcitabine, and liposomal doxorubicin, though none 

are formally approved for this indication. Pralatrexate 

appears to be active in the disease, though it is used at 

lower doses than when utilized in PTCL [11]. Finally, the 

anti‐CD52 antibody alemtuzumab and the antibody–

drug conjugate brentuximab vedotin have demonstrated 

promising activity [12,13]. Unfortunately, none of these 

therapies cures MF/SS and most patients experience 

frequent relapses over the course of their illness.

Autologous stem cell  
transplantation

Autologous stem cell transplantation is utilized routinely 

in PTCL. However, several trials in CTCL have failed to 

demonstrate a benefit to autologous stem cell transplan­

tation [14–16]. Patients rarely achieve complete remission 

(CR) and relapses are universal. Thus, autologous trans­

plantation is not generally utilized in CTCL.

Allogeneic stem cell transplantation

The utility of allogeneic stem cell transplantation (allo‐

SCT) in CTCL was first reported in several small case 

series. The presence of a graft‐versus‐lymphoma (GVL) 

effect was confirmed when patients who exhibited recur­

rence after allo‐SCT subsequently responded to with­

drawal of immune suppression and/or donor lymphocyte 

infusion (DLI) [17]. A meta‐analysis confirmed that allo­

geneic transplant improved event‐free survival (EFS) and 

OS compared to autologous transplant [18]. Although 

no  prospective trials of allo‐SCT have been published, 

restrospective series demonstrated 2‐year progression‐

free survival (PFS) of 31–53% and 2‐year OS of 57–79% 

[19,20]. Long‐term data from the Center for International 

Blood and Marrow Transplant Research (CIBMTR) have 

demonstrated that remissions after allo‐SCT are durable, 

with 5‐year PFS of 17% and 5‐year OS of 32% [21]. The 

European Society for Blood and Marrow Transplantation 

(EBMT) data demonstrated 5‐ and 7‐year PFS of 32% 

and 30%, respectively, and 5‐ and 7‐year OS of 46% and 

44%, respectively [23]. The plateau in the survival curves 

suggests that this subgroup of patients is cured of the 

disease. The major studies of allo‐SCT in MF/SS are listed 

in Table 23.3 [22,23].

Table 23.3  Selected studies of allogeneic peripheral blood stem cell transplantation in mycosis fungoides/Sézary syndrome.

Study Patients Conditioning PFS OS NRM Acute GVHD 

(grade II–IV)

Chronic 

GVHD

Duarte et al. [22] 60 RIC 44

MAC 16

34%* 53%* 22% 28% 48%†

Lechowicz et al. [21] 129 RIC 83

MAC 46

17%‡ 41% (RIC)*

31% (MAC)*

19% 41% 43%†

de Masson et al. [20] 37 RIC 25

MAC 12

31%† 57%† 16% 49% 44%†

Wu et al. [18] 20 RIC 11

MAC 9

60% (EFS)‡ 23%‡ 20% 75%§ 75%¶

Duvic et al. [19] 19 RIC 19 53%† 79%† 12% 28% 67%¶

Molina et al. [26] 8 RIC 4

MAC 4

6/8 patients alive and 

in CR at time of report

25% 50%‖ 88%¶

*At 3 years.
†At 2 years.
‡At 5 years.
§Grades I–III.
¶Timing not reported.
‖Exact grading not recorded in all cases.
CR, complete remission; GVHD, graft‐versus‐host disease; MAC, myeloablative conditioning; NRM, nonrelapse mortality; OS, overall survival; 
PFS, progression‐free survival; RIC, reduced‐intensity conditioning.
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Indications for allogeneic stem cell 
transplantation
Allo‐SCT is not indicated in early‐stage disease (IA–IIA) 

unless patients have relapsed after, or progressed on, a 

number of systemic and skin‐directed therapies. The 

same is typically true of stage IIB–III disease, although 

transplant is more likely to become a necessity in this 

setting. In most series examining allo‐SCT in MF, 

patients had failed skin‐directed therapies in addition to 

four or more systemic therapies. However, this must be 

counterbalanced with the fact that allo‐SCT is likely 

most efficacious when utilized while a patient is in CR 

or at least a very good partial remission (PR) and there­

fore patients should be considered for allo‐SCT prior to 

exhausting available treatment options [24].

The prognosis of stage IVA or IVB disease, SS, and 

transformed MF is poor and allo‐SCT should be considered 

early in those settings. Although some studies have sug­

gested that disease stage does not impact the outcome of 

allo‐SCT, the EBMT series did demonstrate a higher risk of 

relapse and lower PFS with advanced‐stage disease [21]. 

Most published series of allo‐SCT in MF/SS have included 

a preponderance of patients under age 60, but it is reason­

able to consider allo‐SCT in patients in their early to mid 

seventies so long as they have a good performance status 

and do not have substantial comorbidities.

Donor selection and stem cell source
Matched related donors (MRDs) are preferred over 

matched unrelated donors (MUDs), with improved PFS 

(hazard ratio 2.17) and OS (hazard ratio 4.81) and a 

trend toward decreased nonrelapse mortality (NRM) 

using MRD [21]. If no MRD is available, the outcomes 

with a well‐matched unrelated donor are still favorable 

and transplantation should still be pursued since other 

series have not demonstrated any difference in outcome 

between use of MRD and MUD [20,22]. There are 

limited data for haploidentical or umbilical cord blood 

transplantation in MF/SS and such procedures should 

only be considered in the context of a clinical trial or the 

situation where a MRD or MUD is not available.

Comparisons of outcome between peripheral blood 

stem cell and bone marrow transplantation have not 

demonstrated a difference in graft‐versus‐host disease 

(GVHD), PFS, OS, or NRM by stem cell source [20–23]. 

However, these data must be interpreted with caution 

given the small numbers of patients involved. The 

majority of experience is with peripheral blood stem 

cells and in general this is favored, although bone 

marrow is acceptable if institutional, physician, or donor 

preference dictates.

Regardless of the stem cell source, T‐cell depletion is 

not recommended outside the context of a well‐

designed clinical trial. Although T‐cell depletion can 

decrease the incidence of GVHD, it may result in a 

threefold increase in the risk of relapse [21].

Conditioning regimen
The first factor in selecting a conditioning regimen is 

deciding between reduced‐intensity/nonmyeloablative 

conditioning (RIC) versus myeloablative conditioning 

(MAC). A CIBMTR study compared MAC to RIC and 

showed no difference in OS or NRM; 1‐year and 3‐year 

OS were 56% and 41% for RIC and 51% and 31% for 

MAC, while NRM at 1 year was 19% and at 5 years was 

22% and did not differ with the type of conditioning 

[22]. These data were corroborated by a French series 

demonstrating no difference in survival by intensity of 

conditioning [20].

However, an EBMT study demonstrated that MAC 

resulted in higher NRM and decreased OS compared to 

RIC, with hazard ratios of 4.5 and 2.99 respectively 

[21]. Thus, RIC is preferred since other series have 

shown no difference in outcomes by conditioning 

intensity and no series has demonstrated inferior out­

comes with RIC.

There are no data defining the optimal conditioning 

for RIC. Most experience is with fludarabine‐based reg­

imens in combination with busulfan or alkylating agents 

(melphalan or cyclophosphamide). The choice of condi­

tioning regimen at present is based on institutional or 

physician preference. In one series, the incorporation 

of antithymocyte globulin (ATG) did reduce NRM but 

at the cost of decreased PFS [20]. Based on these data, 

ATG should not be incorporated into the conditioning 

regimen unless donor and recipient characteristics predict 

a high risk of GVHD.

The utility of incorporating radiotherapy into the con­

ditioning regimen is also unclear. Total body irradiation 

(TBI) at doses of 10–12 Gy does not clearly improve out­

come and may be associated with increased skin toxicity 

and GVHD [20]. Data from autologous transplantation 

regimens that incorporate TBI also demonstrate near 

universal recurrence, reinforcing that TBI even in 

combination with ablative chemotherapy is not sufficient 

to cure MF/SS [14–16].
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One intriguing approach is the incorporation of total 

body skin electron beam radiation (TBSEB). Duvic et al. 

[19] published a series of patients with advanced CTCL 

undergoing allo‐SCT, 15 of whom underwent TBSEB to 

36 Gy, administered over 8 weeks, 1–2 months prior 

to  transplant. The study reported an impressive 58% 

CR rate and a median OS that has not yet been reached, 

though median follow‐up was less than 2 years. The 

authors hypothesized that TBSEB not only offered 

tumor debulking but may also decrease recipient skin 

antigen‐presenting cells (APCs). Since CD4+ T cells 

(from which MF is derived) proliferate in response to 

class II HLA‐restricted antigen presentation, reducing 

skin APCs may remove the stimulus for malignant T‐cell 

proliferation and regrowth. The incidence of GVHD in 

this trial was comparable to that in other series, although 

a separate meta‐analysis suggested that the risk of 

GVHD may be higher with TBSEB. Although best done 

in the context of a clinical trial, incorporation of TBSEB 

before transplant is reasonable in patients with persis­

tent cutaneous disease prior to transplantation. Given 

the possibility of an increased risk of GVHD, TBSEB 

should be restricted to matched related or well‐matched 

unrelated donors until further data are available.

GVHD prophylaxis
Cutaneous GVHD may be more prevalent following allo‐

SCT for MF/SS than in other diseases, perhaps due to the 

plethora of skin‐directed therapies, including UV therapy 

and radiation, that patients receive and the altered 

immunologic milieu in the skin induced by the disease 

itself. The overall incidence of grade II–IV acute GVHD 

ranges from 28 to 49%, with up to 60% of patients 

developing cutaneous acute GVHD of any grade. The 

incidence of chronic GVHD ranges from 33% at 1 year to 

48% at 2 years [19–22]. The optimal GVHD prophylaxis 

regimen is unclear. ATG prior to transplant may decrease 

PFS and should be restricted to clinical trials or patients 

at high risk of GVHD. Most published series have utilized 

cyclosporine‐ or tacrolimus‐based GVHD regimens in 

combination with methotrexate or mycophenolate 

mofetil. A report of lower recurrence rates with siroli­

mus‐based prophylaxis in lymphoma is intriguing but 

has not been demonstrated definitively in MF/SS [25]. 

In the absence of emerging data, GVHD prophylaxis is 

generally based on physician/institutional preference 

and side‐effect profile. As in other settings, corticoste­

roids are a mainstay of treatment should GVHD develop.

One important caveat is that recurrent CTCL can 

mimic cutaneous GVHD and vice versa. Also, patients 

with CTCL have a high risk of cutaneous infections before 

and after transplant given the inherent breakdown of 

skin barriers by the disease itself and prior skin‐directed 

therapies. Co‐management with a dermatologist with 

experience in CTCL is critical and biopsy of carefully 

selected skin sites is mandatory to distinguish GVHD from 

infection and/or recurrent CTCL.

Recurrence of CTCL often arises within months and 

almost always within a year of allo‐SCT [19]. Therefore, 

regardless of the immunosuppressive regimen chosen, 

tapering of immunosuppression should occur as quickly 

as possible (preferably as soon as 90 days) after allo‐SCT 

to maximize GVL effect while maintaining careful 

vigilance for the development of GVHD.

Post‐transplant infectious prophylaxis
Post‐transplant prophylaxis following allo‐SCT for MF/SS 

is comparable to any other disease state post allo‐SCT and 

is discussed elsewhere in this book. As mentioned previ­

ously, patients with MF/SS are susceptible to cutaneous 

infection. Similarly, they are susceptible to nonmelanoma 

skin cancers due to prior UV therapy or radiotherapy. 

Thus close follow‐up with a dermatologist experienced in 

the management of CTCL is extremely important.

Monitoring for recurrence
Most recurrences arise within 1 year of transplant. The 

skin is the most common site of recurrence and skin 

examination is the most important part of surveillance. 

Patients should have a complete skin examination at 

least every 3 months for the first 2 years after transplant 

barring any interval signs of recurrence or GVHD. In the 

absence of recurrence the frequency of skin examina­

tions can be decreased to every 6 months, with annual 

examination sufficing starting at year seven.

Radiographic surveillance plays a lesser role in MF/

SS than in aggressive lymphomas. A post‐transplant 

PET/CT or CT of the chest, abdomen, and pelvis is sug­

gested at approximately day 100 post transplant if 

there was nodal or visceral involvement prior to trans­

plant. If there is no evidence of recurrence on the 

day‐100 scan, CT of the chest, abdomen, and pelvis 

every 6 months for 18–24 months is reasonable barring 

any clinical evidence of recurrence. Routine radio­

graphic surveillance is not necessary beyond 24 months 

post transplant.
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If there was bone marrow involvement before 

transplant, a repeat bone marrow biopsy is suggested 

at approximately day 100. If that study does not dem­

onstrate involvement with lymphoma, routine bone 

marrow biopsies are not necessary unless there are 

clinical indicators of bone marrow recurrence such as 

worsening cytopenias. Peripheral blood flow cytometry 

(PBFC) is suggested for patients with SS or patients with 

MF with circulating disease. A reasonable schedule is day 

30, day 100, and 6 months post transplant and then 

every 6 months until 24 months post transplant. Annual 

PBFC is reasonable thereafter. There are no studies dem­

onstrating when PBFC is no longer necessary but it is rea­

sonable to discontinue routine monitoring at year seven.

Management of relapse
Relapse remains a common problem after allo‐SCT 

for MF/SS. However, patients can experience long‐term 

survival after recurrence. In an analysis of long‐term 

outcomes from the EBMT, 8 of 27 patients with recur­

rent disease were alive at a median of 8 years of follow‐

up [23]. Patients can experience subsequent remission 

after withdrawal of immunosuppression and/or DLI. For 

patients who do not respond to tapering of immunosup­

pression or patients with GVHD who cannot undergo 

tapering of immunosuppression, additional systemic 

therapy or skin‐directed therapies are warranted. The 

selection of agents is similar to selection of agents before 

transplant and is based on prior agents received and 

comorbidities. Agents that were effective before trans­

plant can be revisited if prior response duration was 

greater than 6 months. Novel agents in development 

include PI3 kinase inhibitors, monoclonal antibodies, 

and aurora kinase inhibitors and participation in clinical 

trials should always be encouraged.

Summary and recommendations

Allo‐SCT is infrequently utilized in MF given the generally 

indolent nature of the disease. However, a small subgroup 

of patients with advanced‐stage disease or multiple recur­

rences are candidates and allo‐SCT can provide long‐term 

disease control or even cure. Relapse and NRM from 

GVHD and infection remain major concerns.

The optimal timing of transplant is unclear. Although 

some studies have not demonstrated a correlation 

between disease stage, remission status or time since 

diagnosis and outcome, several reasonable conclusions 

can be reached. Patients with early‐stage disease gen­

erally have an extremely long median survival and 

allo‐SCT should only be considered in the context of a 

particularly aggressive disease course. Patients with 

advanced‐stage (IVA or IVB) or transformed MF or SS 

have a median survival of only a few years so utiliza­

tion of early allo‐SCT even after only a few or even one 

course of systemic therapy is reasonable.

From existing data in CTCL and extrapolation from 

data for allo‐SCT in more common diseases, we can sur­

mise that patients should optimally have chemosensi­

tive disease (preferably PR or CR) prior to allo‐SCT, 

particularly since most recurrences arise within a few 

months of  transplant. RIC is preferred over MAC and 

MRD is preferred over MUD or alternative donor 

sources. The utility of radiotherapy as part of condi­

tioning is unclear but TBSEB prior to transplant is reason­

able in patients with incomplete disease clearance from 

the skin. GVHD and infectious prophylaxis should follow 

institutional and society guidelines. All patients should be 

managed in conjunction with a dermatologist experi­

enced with allo‐SCT and CTCL.
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Definition and diagnosis: 
Waldenström macroglobulinemia and 
lymphoplasmacytic lymphoma

The relationship between Waldenström macroglobuli­

nemia (WM) and lymphoplasmacytic lymphoma (LPL) 

is frequently a source of confusion and object of 

controversy. Jan Gosta Waldenström described for the 

first time the entity that carries his name in 1944 in two 

patients with enlarged lymphadenopathy, plasma cell 

infiltration in the bone marrow, and hyperviscosity 

symptoms due to an abnormal monoclonal paraprotein 

in the blood [1]. In the past, the term “Waldenström 

macroglobulinemia” has been used as a synonym of 

hyperviscosity syndrome caused by the presence of a 

monoclonal paraprotein of IgM subtype, regardless of 

the underlying pathologic substrate. More recently, WM 

has been defined as a lymphoproliferative disorder 

characterized by the presence of an IgM paraprotein in 

the setting of LPL infiltration in the bone marrow [2]. 

The latest classification of the World Health Organization 

(WHO) published in 2008 defines LPL as a neoplasm of 

small B lymphocytes, plasmacytoid lymphocytes, and 

plasma cells usually infiltrating the bone marrow, with 

or without lymph node involvement; thus, the presence 

of a monoclonal component, which can be of IgM or of 

another subtype, is not a requisite for the diagnosis of 

LPL [3]. The recently described somatic mutation 

MYD‐88 L265P is present in 90% of cases with WM/LPL 

[4] and thus can be used as a marker of WM/LPL in its 

frequently difficult differential diagnosis from other 

lymphoproliferative disorders such as marginal zone 

lymphoma [5].

Epidemiology

WM/LPL is a rare lymphoproliferative disorder that 

represents 1–2% of all non‐Hodgkin lymphomas. The 

incidence in the white population in Western countries 

is 0.3–0.4 per 100,000 inhabitants, whereas it seems to 

be lower in the non‐white population. The median age 

at diagnosis is over 70 years and there is a male 

predominance [6]. Having either a personal or family 

history of autoimmune, inflammatory and infective 

disorders such as autoimmune hemolytic anemia and 

Sjögren syndrome is associated with an increased risk 

of WM/LPL. Along the same lines, a family history of 

WM/LPL has been associated with an increased risk of 

WM/LPL [7].

Clinical characteristics at diagnosis 
and criteria for treatment

Patients can present symptoms due to (i) the IgM 

paraprotein, (ii) cytopenias, or (iii) tumor burden. 

Hyperviscosity syndrome is detected in around 30% of 

patients. There is not a linear relationship between the 

size of the monoclonal component and the presence of 

hyperviscosity symptoms, but the latter are more 

common in patients with an M‐band of 40 g/L or more. 
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Other symptoms directly caused by the IgM paraprotein 

are amyloidosis, peripheral neuropathy, cold agglutinin 

disease, and acquired von Willebrand disease, but these 

are significantly less common than hyperviscosity syn­

drome. Bone marrow infiltration can cause cytopenias: 

40% of the patients present with anemia at diagnosis, 

whereas leukopenia and thrombocytopenia are much 

less common. The presence of B symptoms is observed 

in around one‐quarter of patients. Some patients are 

diagnosed following investigations of peripheral lymph­

adenopahy. The presence of bulky disease is rare, but 

20% of the patients present lymphadenopathy at 

diagnosis and splenomegaly can be detected in a similar 

percentage of patients. However, a considerable 

proportion of patients, up to one‐third, are asymp­

tomatic at presentation, the disease frequently being 

diagnosed during the course of investigations of a small 

monoclonal component detected in a routine blood test.

As in other indolent lymphomas, the advanced age at 

diagnosis, the fact that a significant proportion of patients 

are asymptomatic at presentation, and the lack of a 

curative treatment in a disease with an indolent course 

and prolonged survival makes expectant management 

the standard treatment at diagnosis, and the decision to 

start treatment should be based on the presence of clear 

signs and symptoms. In general, treatment is dictated by 

the presence of hyperviscosity symptoms or cytopenias. 

A high monoclonal component does not constitute per 

se an indication to start therapy, but these patients 

should be closely monitored for symptoms of hypervis­

cosity and initiation of treatment if the M‐band is rapidly 

rising. The recommendations of the Second International 

Workshop on Waldenström macroglobulinemia include 

cytopenias, constitutional symptoms, symptomatic 

hyperviscosity or other symptoms directly attributable 

to  the monoclonal component, and symptomatic 

lymphadenopathy or organomegaly as the criteria for 

immediate treatment [8].

Prognostic factors

As mentioned, patients newly diagnosed with WM/

LPL enjoy a prolonged survival, the median overall 

survival (OS) being longer than 7 years in a recent 

series [9]. A number of studies have analyzed the 

clinical characteristics that are associated with a poor 

outcome. Not surprisingly, older age is among the most 

important factors associated with a poor outcome. 

Other clinical features such as anemia, raised β
2
‐micro­

globulin, and low albuminemia have also been associ­

ated with a shortened survival. The International 

Prognostic Scoring System for Waldenström macro­

globulinemia (ISSWM) has recently been described, 

based on data from 587 symptomatic patients with 

WM and includes age, hemoglobin, platelet count, β
2
‐

microglobulin, and IgM level [9]. One of the strengths 

of the ISSWM is that it distributes patients in three risk 

groups that are well balanced in terms of the proportion 

of patients in each group. Patients in the low‐risk 

group (young patients with zero to one adverse factor) 

have a median OS of 143 months, whereas it is 99 

months for patients in the intermediate‐risk group 

(two adverse factors or age >65 years), and 44 months 

for patients in the high‐risk group (more than three 

factors) (Table 24.1).

Novel agents

The development of new agents has revolutionized the 

management of patients with indolent lymphomas and 

LPL is not an exception in this sense. Although not new, 

and despite the fact that LPL was not included in the 

original studies, rituximab is now fully incorporated in 

the management of patients with LPL. Along the same 

lines, bendamustine and bortezomib are nowadays 

included as treatment options for first‐line therapy. 

More recently, research has led to the development of 

drugs that target the B‐cell receptor such as ibrutinib, 

which has shown excellent promising results in mono­

therapy and is currently being tested in combination 

with other drugs. Other targeted drugs that inhibit 

Table 24.1  International Prognostic Scoring System for 
Waldenström macroglobulinemia.

Risk group Risk factors* Percentage 

of patients

Median overall 

survival (months)

Low 0–1 (except age) 27% 143

Intermediate Age or 2 38% 99

High 3 or more 35% 44

*Age >65 years; hemoglobin <11.5 g/dL; platelet count  
<100 × 109/L; β2‐microglobulin >3 mg/L; IgM >7.0 g/dL.
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different pathways such as the PI3 kinase inhibitor 

idelalisib are also under investigation.

It is against this background of an indolent disease, 

frequently diagnosed in elderly asymptomatic patients, 

with a plethora of new drugs with very promising results 

on the horizon, that the role of HSCT will be discussed.

Initial management: any role for 
HSCT?

As mentioned, a significant proportion of patients 

present asymptomatically and do not require treatment 

at diagnosis. In contrast with follicular lymphoma, there 

are no randomized studies comparing this approach with 

immediate therapy, and hence data on the median time 

to treatment are scarce. As LPL is a rare disease, very few 

randomized studies have been performed in this 

population and data have to be extrapolated from studies 

in indolent lymphomas or extracted from subgroup 

analysis. Both alkylating agents and purine analogs are 

still included among the treatment options for first‐line 

therapy [2,10], although the results of a randomized 

study comparing chlorambucil and fludarabine showed 

that fludarabine results in a better outcome in terms of 

progression‐free survival (PFS) and response duration 

[11]. The efficacy of fludarabine is unfortunately accom­

panied by a significantly higher hematologic toxicity, 

which makes it inappropriate in elderly patients and 

those who are potential candidates for an autologous 

stem cell transplant (ASCT). Anthracyclines are rarely 

used as part of the initial treatment given the old age at 

presentation, and this was further reinforced by a 

randomized trial comparing bendamustine/rituximab 

and R‐CHOP which demonstrated that the former results 

in a significantly better outcome with much less toxicity, 

also in the small group of patients with WM/LPL [12]. 

Some Phase II studies have investigated the incorporation 

of novel agents such as bortezomib as part of first‐line 

therapy. Thus, the combination of bortezomib, dexa­

methasone, and rituximab (BDR) resulted in an overall 

response rate (RR) of 85% with a median PFS of 

42 months [13]. The recommendations of the Fourth 

International Workshop on Waldenström macroglobu­

linemia included combinations of alkylating agents, 

purine analogs and rituximab as the potential first‐line 

treatment options, the choice among them driven by age 

and comorbidities, clinical presentation, and potential 

for ASCT [14]. Table  24.2 shows the results obtained 

with conventional chemotherapy as first‐line treatment.

The data on ASCT as part of first‐line therapy are very 

limited, as this procedure is generally not recommended 

in this setting given the relatively good prognosis and 

advanced age of the patients. Data from small studies 

support the feasibility of such an approach [15,16] 

(Table 24.3). In the largest study on ASCT in WM/LPL 

published to date from the Lymphoma Working Party 

of  the European Society for Blood and Marrow 

Transplantation (LWP‐EBMT) [17], 69 patients (44%) 

were transplanted in first response. The 5‐year PFS in 

this subgroup was 52%, with a 5‐year OS of 77% 

(Table 24.3). These results are better than those achieved 

with conventional chemotherapy in patients with high‐

risk disease according to the ISSWM and suggest that it 

might be worth exploring HSCT as consolidation of first 

response in this high‐risk population.

For obvious reasons, data on allogeneic transplant to 

consolidate first response are even more limited. 

Anecdotal case reports have been published suggesting 

the existence of a graft‐versus‐lymphoma (GVL) effect 

[18]. The LWP‐EBMT study, the largest study published 

on allogeneic transplant in WM/LPL, included six 

patients (7%) who were transplanted after one line of 

chemotherapy, but no data on the outcome of this sub­

group are provided [19]. Along the same lines, in the 

Center for International Blood and Marrow Transplant 

Research (CIBMTR) registry study, 19% of the patients 

were transplanted following one line of treatment but 

their outcome was not reported separately [20].

Management at relapse: when, if at 
all, is the right time for HSCT?

As in other indolent lymphomas, treatment options at 

relapse include the same drugs/regimens that can be 

used as first‐line treatment, provided the patient has not 

received them. Table 24.2 shows the results of conven­

tional treatment in patients with relapsed WM/LPL, 

with RRs ranging from 62 to 83% and a median PFS of 

around 1.5 years [21–23]. As mentioned already, new 

drugs are showing very promising results. Most of the 

data come, for obvious reasons, from Phase II trials in 

patients with relapsed lymphoma (Table 24.2). Advani 

et al. [24] reported on 56 patients with relapsed indolent 

lymphoma who received salvage ibrutinib. In this study, 
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the RR among four patients with WM/LPL was 75%. 

Data recently published on idelalisib, the PΙ3Κδ 

inhibitor, in patients with indolent lymphoma are also 

very promising, with RR of 57% and median PFS of 11 

months in a highly refractory population [25].

A few small studies have reported on the outcome 

of patients with relapsed WM/LPL following ASCT, 

with PFS ranging from 65% at 3 years [20] to 43% at 

4 years [26] (Table 24.3). Patients included in these 

series were heavily pretreated [27] and in some cases, 

as in the CIBMTR study, a significant proportion pre­

sented with chemoresistant disease at the time of 

ASCT [20]. The largest registry study published is the 

LWP‐EBMT study, which included 158 patients [17] 

(Table 24.3). In this study, one‐third of the patients 

had received three or more lines of chemotherapy 

prior to ASCT and 54% had high‐risk disease at diag­

nosis according to the ISSWM. The nonrelapse 

mortality (NRM) at 5 years was 6%, and after a 

median follow‐up of longer than 4 years the relapse 

rate at 5 years was 54%. The number of prior chemo­

therapy lines and being transplanted with 

chemoresistant disease were the most important 

predictors of outcome. These data suggest that ASCT 

Table 24.2  Conventional treatment and novel agents for WM/LPL.

Series Drugs N RR (%) Median PFS (months) OS

Initial therapy

Leblond et al. (2013) [11] Chlorambucil 202* 39 27 months 62% (at 5 years)

Leblond et al. (2013) [11] Fludarabine 203* 48 36 months 69% (at 5 years)

Rummel et al. (2013) [12] Bendamustine/rituximab 261† 93 70 months NR

Dimopoulos et al. (2013) 

[13]

Bortezomib/dexamethasone/

rituximab

59 68 42 months 82% ( at 3 years)

Relapse

Ghobrial et al. (2010) [21] Bortezomib/rituximab 37 62 16 months 94% (at 1 year)

Treon et al. (2011) [22] Bendamustine/rituximab 30 83 Median TTP, 13 months —

Tedeschi et al. (2012) [23] Fludarabine/cyclophosphamide/

rituximab

40 80 NR (median follow‐up, 51 

months)

—

Advani et al. (2012) [24] Ibrutinib 56‡ 54 14 months —

Gopal et al. (2014) [25] Idelalisib 125§ 57 11 months Median OS, 20 months

*Including 184 and 187 patients with WM/LPL.
†Including 22 patients with WM/LPL.
‡Including four patients with WM/LPL.
§Including 10 patients with WM/LPL.
NR, not reached; OS, overall survival; PFS, progression‐free survival; RR, response rate; TTP, time to progression.

Table 24.3  Autologous stem cell transplantation in WM/LPL.

Series N Median follow‐up 

(months)

PFS OS

Initial therapy

Dreger et al. (2007) [15] 12 69 Median PFS, 69 months 100% (at 69 months)

Caravita et al. (2009) [16] 5 66 100% (at 66 months) —

Kyriakou et al. (2010) [17] 69 54 52% (at 5 years) 77% (at 5 years)

Relapse

Anagnostopoulos et al. (2006) [20] 10 63 65% (at 3 years) 70% (at 3 years)

Gilleece et al. (2008) [26] 9 44 DFS, 43% (at 4 years) 73% (at 4 years)

Kyriakou et al. (2010) [17] 158 50 40% (at 5 years) 69% (at 5 years)

DFS, disease‐free survival; OS, overall survival; PFS, progression‐free survival.
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is an excellent option to prolong response duration, 

but it does not result in cure of LPL.

Earlier series on allogeneic transplant in patients with 

WM/LPL included mostly patients who received a 

myeloablative conditioning (MAC) regimen and this 

resulted in a high NRM of around 40% [20,26,27]. In 

more recent series, a higher proportion of patients who 

received a reduced‐intensity conditioning (RIC) trans­

plant are included, and this translates into a lower NRM 

(Table 24.4). Thus, in the French registry study, 13 of 25 

patients included had an RIC transplant, and the 1‐year 

NRM for the whole series was 25% [28]. Of note, 

whereas one could assume that RIC allogeneic trans­

plants are rarely performed as the first transplant but are 

more frequently performed in patients relapsing after an 

autologous transplant, a relatively small proportion of 

patients received RIC allogeneic transplant following 

ASCT failure (23% in Garnier et al. series [28] and 12% 

in Kyriakou et al. study [19]). In 2010, the LWP‐EBMT 

reported on 86 patients who had an allogeneic trans­

plant for WM/LPL during the period 1998–2005 [19]. 

Around 60% of the patients received an RIC transplant 

and, as in the majority of studies published, donors were 

HLA‐identical siblings in around 80% of the cases. The 

patients included represented a heavily pretreated 

population, with two‐thirds of them having received 

three or more prior treatment lines. No differences were 

observed in this study in the outcome of patients 

according to the type of conditioning regimen received, 

but patients in the RIC group had more advanced disease 

and were significantly older. Of note, in this study an 

association between the development of chronic graft‐

versus‐host disease and a lower risk of progression was 

observed and a significant proportion of patients who 

received donor lymphocyte infusions achieved a 

response, supporting the existence of a GVL effect.

Conclusions

Defining the role of HSCT in a disease such as WM/LPL, 

characterized by advanced age at presentation, an 

indolent course, and a long survival, represents a 

difficult challenge. Evidence‐based data to support the 

appropriate timing for HSCT are scarce, given the low 

incidence of this disease and hence most of the available 

data come from registry studies. Against this background, 

the recently described ISSWM provides a powerful tool 

to select a high‐risk population with a poor prognosis 

when treated with conventional therapy that might 

benefit from HSCT. Registry data suggest that both ASCT 

and allogeneic transplant result in better outcomes than 

conventional treatment in high‐risk patients. Efforts 

should be made to identify young patients with high‐

risk disease and encourage their early referral for 

consideration of HSCT.

References

1	 Waldenstrom JG. Incipient myelomatosis or “essential” 

hyperglobulinemia with fibrinogenopenia: a new syndrome? 

Acta Med Scand 1944;117:216–47.

2	 Owen RG, Pratt G, Auer RL et al. Guidelines on the diagnosis 

and management of Waldenstrom macroglobulinaemia. 

Br J Haematol 2014;165:316–33.

3	 Swerdlow SH, Berger F, Pileri SA, Harris NL, Jaffe ES, Stein H. 

Lymphoplasmacytic lymphoma. In: Swerdlow SH, Campo E, 

Harris NL, Jaffe ES, Pileri SA, Stein H, Thiele J, Vardiman JW, eds. 

Table 24.4  Allogeneic transplantation in WM/LPL.

Series N Median follow‐up 

(months)

NRM PFS OS

Anagnostopoulos et al. 

(2006) [20]

MAC 21

RIC 5

75 40% (at 3 years) 31% (at 3 years) 46% (at 3 years)

Garnier et al. (2010) [28] MAC 12

RIC 13

63 25% (at 1 year) 58% (at 5 years) 67% (at 5 years)

Kyriakou et al. (2010) [19] MAC 37 63 33% (at 3 years) 56% (at 5 years) 62% (at 5 years)

RIC 49 44 23% (at 3 years) 49% (at 5 years) 64% (at 5 years)

MAC, myeloablative conditioning; NRM, nonrelapse mortality; OS, overall survival; PFS, progression‐free survival; RIC, reduced‐intensity 
conditioning.



246      Clinical Guide to Transplantation in Lymphoma

World Health Organization Classification of Tumours of Haematopoietic 

and Lymphoid Tissues, 4th edn. Lyon: IARC Press, 2008.

  4	 Treon SP, Xu L, Yang G et al. MYD88 L265P somatic 

mutation in Waldenstrom’s macroglobulinemia. N Engl J 

Med 2012;367:826–33.

  5	 Xu L, Hunter ZR, Yang G et al. MYD88 L265P in Waldenstrom 

macroglobulinemia, immunoglobulin M monoclonal 

gammopathy, and other B‐cell lymphoproliferative disor­

ders using conventional and quantitative allele‐specific 

polymerase chain reaction. Blood 2013;121:2051–8.

  6	 Phekoo KJ, Jack RH, Davies E, Moller H, Schey SA. The 

incidence and survival of Waldenstrom’s macroglobulinae­

mia in South East England. Leuk Res 2008;32:55–9.

  7	 Kristinsson SY, Goldin LR, Turesson I, Bjorkholm M, 

Landgren O. Familial aggregation of lymphoplasmacytic 

lymphoma/Waldenstrom macroglobulinemia with solid 

tumors and myeloid malignancies. Acta Haematol 

2012;127:173–7.

  8	 Kyle RA, Treon SP, Alexanian R et al. Prognostic markers 

and criteria to initiate therapy in Waldenstrom’s macro­

globulinemia: consensus panel recommendations from 

the Second International Workshop on Waldenstrom’s 

Macroglobulinemia. Semin Oncol 2003;30:116–20.

  9	 Morel P, Duhamel A, Gobbi P et al. International prognostic 

scoring system for Waldenstrom macroglobulinemia. Blood 

2009;113:4163–70.

10	 Anderson KC, Alsina M, Bensinger W et al. Waldenstrom’s 

macroglobulinemia/lymphoplasmacytic lymphoma, version 

2.2013. J Natl Compr Canc Netw 2012;10:1211–19.

11	 Leblond V, Johnson S, Chevret S et al. Results of a randomized 

trial of chlorambucil versus fludarabine for patients with 

untreated Waldenstrom macroglobulinemia, marginal zone 

lymphoma, or lymphoplasmacytic lymphoma. J Clin Oncol 

2013;31:301–7.

12	 Rummel MJ, Niederle N, Maschmeyer G et al. Bendamustine 

plus rituximab versus CHOP plus rituximab as first‐line 

treatment for patients with indolent and mantle‐cell lym­

phomas: an open‐label, multicentre, randomised, phase 3 

non‐inferiority trial. Lancet 2013;381:1203–10.

13	 Dimopoulos MA, Garcia‐Sanz R, Gavriatopoulou M et al. 

Primary therapy of Waldenstrom macroglobulinemia (WM) 

with weekly bortezomib, low‐dose dexamethasone, and ritux­

imab (BDR): long‐term results of a phase 2 study of the 

European Myeloma Network (EMN). Blood 2013;122:3276–82.

14	 Dimopoulos MA, Gertz MA, Kastritis E et al. Update on 

treatment recommendations from the Fourth International 

Workshop on Waldenstrom’s Macroglobulinemia. J Clin 

Oncol 2009;27:120–6.

15	 Dreger P, Schmitz N. Autologous stem cell transplantation as 

part of first‐line treatment of Waldenstrom’s macroglobuli­

nemia. Biol Blood Marrow Transplant 2007;13:623–4.

16	 Caravita T, Siniscalchi A, Tendas A et al. High‐dose therapy 

with autologous PBSC transplantation in the front‐line 

treatment of Waldenstrom’s macroglobulinemia. Bone 

Marrow Transplant 2009;43:587–8.

17	 Kyriakou C, Canals C, Sibon D et al. High‐dose therapy and 

autologous stem‐cell transplantation in Waldenstrom mac­

roglobulinemia: the Lymphoma Working Party of the 

European Group for Blood and Marrow Transplantation.  

J Clin Oncol 2010;28:2227–32.

18	 Meniane JC, El‐Cheikh J, Faucher C et al. Long‐term graft‐

versus‐Waldenstrom macroglobulinemia effect following 

reduced intensity conditioning allogeneic stem cell trans­

plantation. Bone Marrow Transplant 2007;40:175–7.

19	 Kyriakou C, Canals C, Cornelissen JJ et al. Allogeneic stem‐

cell transplantation in patients with Waldenstrom macro­

globulinemia: report from the Lymphoma Working Party of 

the European Group for Blood and Marrow Transplantation. 

J Clin Oncol 2010;28:4926–34.

20	Anagnostopoulos A, Hari PN, Perez WS et al. Autologous 

or allogeneic stem cell transplantation in patients with 

Waldenstrom’s macroglobulinemia. Biol Blood Marrow 

Transplant 2006;12:845–54.

21	 Ghobrial IM, Hong F, Padmanabhan S et al. Phase II trial of 

weekly bortezomib in combination with rituximab in 

relapsed or relapsed and refractory Waldenstrom macro­

globulinemia. J Clin Oncol 2010;28:1422–8.

22	 Treon SP, Hanzis C, Tripsas C et al. Bendamustine therapy in 

patients with relapsed or refractory Waldenstrom’s macro­

globulinemia. Clin Lymphoma Myeloma Leuk 2011;11:133–5.

23	 Tedeschi A, Benevolo G, Varettoni M et al. Fludarabine 

plus cyclophosphamide and rituximab in Waldenstrom 

macroglobulinemia: an effective but myelosuppressive 

regimen to be offered to patients with advanced disease. 

Cancer 2012;118:434–43.

24	 Advani RH, Buggy JJ, Sharman JP et al. Bruton tyrosine 

kinase inhibitor ibrutinib (PCI‐32765) has significant 

activity in patients with relapsed/refractory B‐cell malig­

nancies. J Clin Oncol 2012;31:88–94.

25	 Gopal AK, Kahl BS, de Vos S et al. PI3Kdelta inhibition by 

idelalisib in patients with relapsed indolent lymphoma.  

N Engl J Med 2014;370:1008–18.

26	 Gilleece MH, Pearce R, Linch DC et al. The outcome of 

haemopoietic stem cell transplantation in the treatment 

of lymphoplasmacytic lymphoma in the UK: a British 

Society Bone Marrow Transplantation study. Hematology 

2008;13:119–27.

27	 Tournilhac O, Leblond V, Tabrizi R et al. Transplantation in 

Waldenstrom’s macroglobulinemia: the French experience. 

Semin Oncol 2003;30:291–6.

28	 Garnier A, Robin M, Larosa F et al. Allogeneic hematopoietic 

stem cell transplantation allows long‐term complete remis­

sion and curability in high‐risk Waldenstrom’s macroglobu­

linemia. Results of a retrospective analysis of the Societe 

Francaise de Greffe de Moelle et de Therapie Cellulaire. 

Haematologica 2010;95:950–5.



247

Clinical Guide to Transplantation in Lymphoma, First Edition. Edited by Bipin N. Savani and Mohamad Mohty. 

© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.

Introduction

Primary mediastinal large B‐cell lymphoma (PMBL) 

is a subtype of diffuse large B‐cell lymphoma (DLBCL) 

that  is  listed as a distinct entity in the World Health 

Organization (WHO) classification. PMBL typically occurs 

in young adults, with a modest female predominance. 

Most patients present with a bulky mediastinal mass, 

which can cause superior vena cava syndrome or invade 

into adjacent thoracic structures. Involvement out­

side  the chest is uncommon at the time of diagnosis, 

and  bone marrow involvement is rare [1]. On the 

other hand, extranodal disease is frequently seen in 

relapsed PMBL.

PMBL derives from thymic B cells, probably in late 

germinal‐center differentiation [2–4]. The tumors are 

marked by sclerosis in the surrounding stroma, and 

immunohistochemical staining demonstrates expres­

sion of B‐cell markers, including CD20, CD19, and 

CD22, as well as weak expression of CD30. Common 

chromosome abnormalities in PMBL include gains in 

2p, leading to overexpression of cREL, and gains in 9p, 

associated with janus kinase (JAK)‐2 overexpression 

[5]. Gene expression profiling studies have established 

significant overlap in the pattern of genes overexpressed 

in both PMBL and Hodgkin lymphoma, in contrast to 

DLBCL [3]. Similar to Hodgkin lymphoma, the nuclear 

factor (NF)‐κB survival pathway and the JAK‐STAT 

(janus kinase/signal transducer and activator of tran­

scription) pathway are activated and provide a survival 

advantage in PBML [2,6].

First‐line therapy of PMBL

PMBL has been treated with a variety of standard‐

intensity and dose‐dense regimens derived from the 

management of DLBCL. Historically, most patients have 

also been treated with mediastinal radiation, although the 

necessity of radiation is debated. Retrospective studies 

comparing CHOP (cyclophosphamide, adriamycin, vin­

crinstine, prednisone) or CHOP‐like regimens with the 

dose‐intense regimens VACOP‐B and MACOP‐B (etopo­

side or methotrexate, adriamycin, cyclophosphamide, 

vincristine, prednisone, bleomycin) suggest superiority of 

the latter regimens [7–10], although no prospective 

randomized data are available. Overall survival (OS) at 3 

years or more following CHOP or CHOP‐like regimens 

has ranged from 44 to 71%, compared with 71–87% 

following VACOP‐B or MACOP‐B [8–16]. In the largest 

retrospective series of patients treated in the pre‐rituximab 

era, 10‐year progression‐free survival (PFS) and OS were 

35% and 44% for patients treated with CHOP (N = 105) 

compared to 67% and 71% for patients treated with 

MACOP‐B and other third‐generation regimens (N = 277) 

[7]. Most relapses occur quickly, so that progressive disease 

more than 2 years after therapy is rare.

Addition of rituximab to CHOP may match the effi­

cacy of the third‐generation regimens, with retrospec­

tive studies reporting PFS of 74–88% and long‐term 

OS  exceeding 80% when patients with PMBL are 

treated with R‐CHOP [9,10,16–19]. On the other hand, 

addition of rituximab to third‐generation regimens does 

not clearly improve their efficacy [10,20]. Although no 
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randomized study has been undertaken specifically in 

PMBL patients, an analysis of the subset of 87 PBML 

cases treated in the Mabthera International Trial, which 

assigned young, newly diagnosed DLBCL patients to 

treatment with CHOP‐like therapy with or without ritux­

imab, found that addition of rituximab decreased the rate 

of disease progression from 24% to 2.5% in the PBML 

patients, so that event‐free survival (EFS) was 78 versus 

52% (P = 0.012) with and without rituximab [17].

Other dose‐intense regimens that incorporate rituximab 

have also demonstrated excellent outcomes in PMBL. In 

the dose‐adjusted EPOCH‐R regimen, infusional doxoru­

bicin, etoposide, and vincristine are combined with bolus 

cyclophosphamide, prednisone, and rituximab, and the 

doses delivered with each cycle are adjusted to maximize 

therapeutic intensity. No consolidative radiation is given. 

In a subset analysis of PMBL patients treated within a 

larger DLBCL study, DA‐EPOCH, without rituximab, 

provided EFS of 67% and OS of 78% [21]. In a Phase II 

study, 51 patients with PBML were treated with DA‐

EPOCH plus rituximab and, after a median follow‐up of 5 

years, EFS and OS were 93% and 97%, respectively [22]. 

Another dose‐dense regimen, combining R‐CHOP and 

consolidative ICE (ifosfamide, carboplatin, etoposide), 

provided PFS of 78% and OS of 88% in 54 patients 

with PMBL, with no radiation delivered to responding 

patients [23,24].

Prognostic factors in PMBL and the 
role of consolidative autologous  
stem cell transplant

Randomized trials have demonstrated improved out­

comes in high‐risk DLBCL patients treated with autolo­

gous stem cell transplantation (ASCT) in first remission. 

These results prompted the exploration of ASCT in con­

solidating response in patients with PBML who were 

considered at high risk of relapse. The available reports 

include small numbers of patients treated with variable 

pretransplant chemotherapy, transplant conditioning 

regimens, and radiation strategies (Table 25.1). Despite 

the limitations of the data, it is reasonable to conclude 

that ASCT can provide durable disease control and 

excellent long‐term survival when incorporated into 

the upfront therapy of patients with PMBL. However, 

no data have established the superiority of consolidative 

ASCT over induction chemotherapy alone.

It is unlikely that upfront ASCT could improve on 

the outcomes achieved with current immunochemo­

therapy approaches, given that fewer than 20% of 

patients fail therapy with R‐CHOP, R‐VACOP‐B, or 

DA‐EPOCH‐R. Identifying the patients who are at 

high risk of treatment failure, and who might benefit 

from consolidative ASCT, has proven difficult. The 

International Prognostic Index and other accepted 

risk  factors in DLBCL have inconsistent prognostic 

value in PMBL [10,13,20,25]. Functional imaging 

with 18F‐fluorodeoxyglucose positron emission tomog­

raphy (FDG‐PET) has also failed to identify patients 

who may benefit from additional therapy. FDG‐PET 

has a low positive predictive value in PMBL, whether 

performed during the course of therapy [10,23,26] or 

at the end of therapy [22,27], suggesting that residual 

masses, even if FDG avid, are more likely to represent 

fibrosis and inflammation than disease. In the absence 

of prospective data demonstrating benefit of ASCT in 

first remission of PMBL, transplant is best reserved for 

those patients who have biopsy‐proven residual lym­

phoma at the end of induction chemotherapy or who 

relapse after initial response.

Table 25.1  Upfront high‐dose chemotherapy/ASCT in PMBL.

Study N Eligibility for ASCT Radiation PFS OS

Rodríguez et al. [25] 71 Retrospective, any response to induction chemotherapy 53% 81% (4 year) 84% (4 year)

Zinzani et al. [7] 44 Enrolled in prospective study Yes 78% (10 year) 77% (10 year)

Hamlin et al. [14] 17 Enrolled in prospective study Yes 60% (10 year) 78% (10 year)

Cairoli et al. [34] 15 Retrospective, high intermed or high IPI score Yes 93% (3 year) NR

Sehn et al. [28] 12 Retrospective, first CR or PR NR 83% (5 year) NR

ASCT, autologous stem cell transplantation; CR, complete remission; NR, not reported; OS, overall survival; PFS, progression‐free survival; PR, 
partial remission.
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Treatment of relapsed or 
refractory PMBL

The management of relapsed or refractory PMBL 

mirrors that undertaken for relapsed DLBCL: salvage 

chemotherapy followed by ASCT for patients with che­

mosensitive disease. However, the response to salvage 

chemotherapy in PMBL is low, and outcomes for patients 

with relapsed or refractory PMBL have been poor, as 

reported in retrospective series [11]. For example, in 

one series, response to salvage chemotherapy was 38% 

among 23 patients with relapsed or refractory PMBL 

[28], and in another only 4 of 27 patients (15%) treated 

with salvage chemotherapy survived [18]. Salvage 

chemotherapy options for PMBL are the same as those 

used for DLBCL, and there is no evidence to support 

one  regimen over another [29,30]. The CD30‐targeted 

antibody–drug conjugate brentuximab vedotin is one 

novel approach to the treatment of relapsed PMBL, 

given the common albeit low‐level expression of CD30 

on the malignant B cells. However, among the PBML 

subset of a larger Phase II study, the overall response rate 

was only 17% [31].

Autologous stem cell transplant for 
relapsed PMBL
The limiting factor in the use of ASCT for patients with 

relapsed PMBL is the chemorefractory nature of the 

lymphoma, so that many patients are never eligible 

for ASCT. In a Memorial Sloan‐Kettering retrospective 

series [14], 64 PMBL patients relapsed after front‐line 

chemotherapy and only 36 (56%) had subsequent 

ASCT. OS among the transplanted patients was 54%. 

The same group reported that among 54 PMBL patients 

treated with dose‐intense chemotherapy, 11 failed 

upfront dose‐intense chemotherapy and five of them 

were successfully salvaged with therapy that included 

ASCT [23].

Among the patients who do respond to salvage che­

motherapy, ASCT can provide long‐term disease control 

similar to that achieved in DLBCL. Kuruvilla et al. [32] 

evaluated 37 patients with relapsed/refractory PMBL 

who were treated with standard platinum‐based sal­

vage chemotherapy regimens between 1995 and 2004 

and compared their outcomes with a cohort of DLBCL 

patients treated during the same period. Fewer than 

10% of patients in their cohort received rituximab. 

Patients who responded to salvage therapy with a partial 

remission or better received subsequent high‐dose che­

motherapy and ASCT. Among the PMBL patients, the 

response to salvage chemotherapy was remarkably low 

(25%), so that only 22% of patients underwent ASCT. 

The 2‐year PFS was 15% for the PMBL cohort, which 

was statistically significantly worse than for the DLBCL 

patients (34%, P = 0.018). However, PMBL patients 

who did undergo ASCT had PFS and OS of 57% and 

67%, respectively, which was not different from the 

results for the DLBCL patients.

The M.D. Anderson Cancer Center group also retro­

spectively compared ASCT outcomes in PMBL and 

DLBCL patients [33]. Among the 31 patients with PMBL, 

14 had induction failure, 11 were in chemosensitive 

relapse, and six had chemorefractory relapse. Disease‐

free survival (DFS) and OS were 55% and 56% for the 

PMBL patients, compared to 32% and 35% for the 50 

patients with DLBCL (P = 0.07 for DFS; P = 0.05 for OS). 

The study concluded that PMBL may be more sensitive to 

high‐dose chemotherapy than DLBCL, but it is hard to 

support this conclusion given the high failure rate to pre­

transplant salvage chemotherapy.

Sehn et al. [28] reported the outcome of 35 patients 

who underwent ASCT prior to 1995 (12 first response, 

12 primary refractory, 11 relapsed). For the entire 

cohort, 5‐year PFS after ASCT was 57%. Chemosensitivity 

and disease status at the time of transplant were signifi­

cantly associated with PFS. PFS was 83%, 58%, and 

27% for patients transplanted in first response, pri­

mary refractory, and relapse, respectively, while 5‐year 

PFS was 75% in patients with chemosensitive disease 

at the time of transplant versus 33% who had less than 

partial remission prior to transplant. Although these 

results suggest that a portion of patients with primary 

refractory disease can be salvaged with additional che­

motherapy followed by ASCT, not all the primary 

refractory patients in this series had functional imaging 

and/or biopsy. Some of them may have had residual 

fibrotic masses that were incorrectly classified as active 

lymphoma.

Allogeneic stem cell transplant
Information about allogeneic stem cell transplant in the 

management of PMBL is relegated to case reports. This 

modality could be approached as for other aggressive 

lymphomas, with allogeneic transplant considered for 

patients who fail multiple lines of therapy and/or who 

relapse after prior ASCT.
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Conclusions

Most patients diagnosed with PMBL will enjoy long‐

term DFS after treatment with immunochemotherapy, 

so that additional therapy with stem cell transplant is 

not indicated. Unfortunately, for the minority of PMBL 

patients who do fail first‐line therapy, the response to 

salvage chemotherapy is low. Patients who have che­

mosensitive relapsed disease should proceed with con­

solidative ASCT, as the outcomes after transplant are 

comparable to those achieved when ASCT is used to 

treat DLBCL.

Case study

A 28‐year‐old woman presents with cough, chest pain, and shortness of breath. Chest X‐ray reveals a large mediastinal mass. 
Chest CT confirms a 12‐cm mediastinal mass, associated with pleural extension and a pleural effusion. Biopsy is performed via 
mediastinoscopy, and pathology reveals sclerosis and an infiltration of large cells that are positive for CD20, CD19, and CD30, 
consistent with primary mediastinal B‐cell lymphoma. She is treated with six cycles of R‐CHOP. At the end of therapy, FDG‐PET 
shows resolution of the pleural effusion, but a 4‐cm mediastinal mass remains, with a focus of FDG uptake. The residual mass is 
biopsied, and pathology demonstrates persistent lymphoma. She is treated with a platinum‐based salvage regimen, with a 
negative FDG‐PET scan at the end of three cycles. She then undergoes high‐dose chemotherapy with BEAM, followed by ASCT. 
She is alive and disease‐free 2 years post transplant.
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Introduction

Post‐transplant lymphoproliferative disorders (PTLD) 

can be broadly defined as a heterogeneous group of 

lymphoproliferative diseases occurring in the setting of 

either hematopoietic stem cell transplantation (HSCT) 

or solid organ transplantation (SOT). PTLD is due to the 

uncontrolled neoplastic proliferation of plasmacytic or 

lymphoid cells, and is often life‐threatening. It can occur 

at any age and after all types of transplants, although 

PTLD occurring after autologous transplantation is very 

rare. Recipients of allogeneic HSCT are at particular risk 

for developing PTLD [1,2].

Since the first report over 40 years ago, PTLD has 

remained one of the most severe complications associ-

ated with transplantation. Before the current methods 

of therapy with drugs that inhibit Epstein–Barr virus 

(EBV) were introduced, the mortality from PTLD was 

very high. Before 2000, an attributable mortality for 

PTLD of 84.6% after HSCT was reported [2].

Epidemiology

EBV is the predominant cause of PTLD in both adults 

and children. While both primary EBV infection and 

reactivation can trigger PTLD, the risk is higher after a 

primary infection and this is considered a major risk 

factor in transplant patients. Since the EBV seropositivity 

rate increases with age and 90% of adults worldwide are 

infected with EBV, adults have a lower risk of developing 

EBV‐related PTLD (EBV‐PTLD) than children, who are 

more likely to develop a primary EBV infection [3].

EBV‐PTLD usually presents early after transplant, with 

the highest rates occurring within the first year. However, 

late PTLD can occur up to 10 years after SOT. While EBV 

still remains the major cause, a significant proportion of 

late PTLD in SOT patients (21–38%) may be EBV‐

negative and non‐B cell. These tend to present more than 

5 years after transplant and carry a worse prognosis [3,4].

In a recent European Society for Blood and Marrow 

Transplantation (EBMT) study, the overall incidence of 

PTLD after allogeneic HSCT was 3.2%, varying from 

1.2% in matched family donor to 11.2% in mismatched 

unrelated donor recipients [5]. Overall, the frequency of 

PTLD after alternative donor (mismatched family donor 

or unrelated donor) allogeneic (allo)‐HSCT was 4.7%, 

while PTLD frequency after cord blood transplantation 

was 4.1% [5].

The lower incidence of PTLD following matched 

family donor HSCT is probably due to a more rapid 

reconstitution of EBV‐specific cytotoxic T lymphocyte 

(CTL) activity [2,6,7]. On the other hand, the increased 

risk in unrelated donor HSCT is likely due to delayed 

EBV CTL recovery in these patients [2,6,7]. Furthermore, 

a human leukocyte antigen (HLA) disparity may induce 

chronic B‐cell stimulation and proliferation, which 

could predispose a patient to develop PTLD.

Risk factors for PTLD

Risk factors related to the HSCT setting can be divided 

into the following categories: (i) donor‐related factors 

(unrelated or mismatched donor, unrelated cord 
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blood, older recipient age, older donor age); (ii) the 

preparative regimen (total body irradiation, T‐cell 

depletion, and especially the use of anti‐T‐cell mono-

clonal antibodies); and (iii) severe graft‐versus‐host 

disease (GVHD) [8–12]. The major risk factors for 

PTLD include an unrelated or mismatched HSCT, T‐cell 

depletion (in vivo or in vitro), EBV serologic mismatch 

between donor and recipient, and cord blood HSCT. 

Minor risk factors include primary EBV infection, sple-

nectomy, and chronic GVHD. The risk of PTLD 

increases with the number of risk factors. Allo‐HSCT 

with at least one of the major risk factors is regarded as 

a high‐risk transplant for PTLD development. A high 

incidence of PTLD in both pediatric and adult patients 

following reduced‐intensity conditioning (RIC) regi-

mens using antithymocyte globulin (ATG) or alemtu-

zumab has also been reported [13,14]. This likely 

reflects both the delayed recovery of EBV‐specific 

immunity after such transplants and the persistence of 

recipient‐derived B cells.

Pathogenesis

The pathogenesis of PTLD is a result of EBV‐induced 

transformation of B cells in the setting of impaired anti‐

EBV cellular immunity due to iatrogenic immunosup-

pression and resulting in an outgrowth of EBV‐infected 

B cells. GVHD prevention strategies that indiscrimi-

nately remove T cells from the graft increase the risk of 

PTLD [15]. PTLD is also associated with T‐cell 

dysfunction such as poor response to interleukin (IL)‐7 

stimulation [16].

PTLDs reflect a wide spectrum of histologically diverse 

lymphoproliferative disorders. The World Health 

Organization (WHO) classification is the most com-

monly used, with four types of morphologic lesions 

being recognized: polyclonal early lesions, polymorphic 

PTLD, malignant monoclonal monomorphic PTLD (B‐

cell or T/NK‐cell lymphoma), and classical Hodgkin 

lymphoma‐type PTLD. Histologic changes observed in 

PTLD are similar to those in lymphomas occurring in 

nontransplant patients, with the vast majority being B‐

cell lymphomas, due to decreased T‐cell immune sur-

veillance, although T‐cell and Hodgkin lymphomas, or 

even plasma‐cell disease‐resembling myelomas, may 

sporadically occur.

EBV‐negative and/or T‐lineage PTLD

A growing number of cases of EBV‐negative PTLD 

have been reported, mainly in SOT recipients [4]. 

These cases tend to present later (>5 years after trans-

plant), and an increased risk is observed as long as 10 

years after transplantation [17]. In our opinion, these 

cases should be regarded as malignant lymphoma, not 

PTLD. T‐lineage PTLD (T‐PTLD) is usually EBV‐

negative and the relatively long latency between 

transplantation and T‐PTLD onset may be explained by 

molecular events. The frequency of T‐PTLDs ranges 

from 4 to 15% of all PTLD cases. EBV is present in 

approximately one‐third of T‐PTLDs [18,19]. For the 

majority of B‐lineage PTLDs (B-PTLD), the role of EBV 

has been proposed and accepted [20], whereas no 

direct role for EBV has been confirmed in T‐PTLD. The 

pathogenesis of B‐PTLD is mostly based on B lympho-

cytes infected by EBV. In general, T lymphocytes do 

not express the EBV receptor CD21; however, some 

T‐PTLDs might show aberrant T cells that are positive 

for CD21 and EBV [21].

Composite B‐cell and T‐cell lineage PTLD harboring 

both B‐ and T‐cell clones either concurrently or 

successively in the same patient are extremely rare and 

only a few cases have been reported in the literature, 

exclusively after SOT, with poor outcome.

Clinical symptoms of PTLD

The median time to diagnosis of PTLD after HSCT is 2 

months, with about 6% occurring within the first 

month and almost 90% within the first 6 months 

after HSCT [5]. Fever and lymphadenopathy are the 

most common symptoms and signs of EBV‐PTLD and 

are commonly associated with rapidly progressive 

multiorgan failure and death if not promptly treated 

[22]. Other EBV‐associated post‐transplant diseases, 

also referred to as end‐organ EBV diseases, include 

encephalitis/myelitis, pneumonia, and hepatitis. In 

recipients of an allo‐HSCT, the 3‐year cumulative 

incidence of the total of EBV‐associated diseases, 

PTLDs, EBV fever, and EBV end‐organ diseases was 

reported to be 15.6%, 9.9%, 3.3%, and 3.3%, 

respectively [22]. In the recipients of unrelated cord 

blood, the incidence of EBV‐related complications 
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was 3.3% for myeloablative and 7% for nonmyeloab-

lative transplantations [14]. Fever was the most 

common symptom of EBV‐associated diseases.

Diagnosis of PTLD

The diagnosis of PTLD is based on symptoms and signs, 

imaging, histologic confirmation, and the presence of 

EBV. A diagnostic work‐up for suspected PTLD should 

therefore include physical examination (including 

examination for tonsillitis, adenopathy, and organo-

megaly), a complete blood count, serum electrolytes, 

calcium, blood urea nitrogen and creatinine, liver 

function tests, uric acid, lactate dehydrogenase, 

quantitative immunoglobulins, stools for occult 

bleeding, flow cytometry of lymphocytes (when 

possible), imaging (including ultrasound, PET, CT of 

neck/chest/abdomen/pelvis), a needle or excisional 

biopsy of the suspected lesion, or endoscopy in cases of 

gastrointestinal symptoms. EBV studies should also be 

performed, including serology (anti‐EBNA, i.e., Epstein–

Barr nuclear antigens, viral capsid antigen, and early 

antigen), EBV viral load from peripheral blood, and 

EBER (EBV‐encoded RNA) and CD20 histochemistry 

studies on biopsy material.

EBV‐related PTLD can be classified as either proven 

or probable disease [11]. PTLD is proven when EBV is 

detected in a specimen obtained from an organ by 

biopsy or other invasive procedure, using a test with 

appropriate sensitivity and specificity, together with 

symptoms and signs from the affected organ. Probable 

PTLD is defined as significant lymphadenopathy or 

other end‐organ disease without a biopsy, accompa-

nied by a high EBV DNA blood load, in the absence of 

other etiologic factors or established diseases. 

According to the definition of EBMT Infectious 

Diseases Working Party, histopathologic diagnosis of 

EBV‐PTLD should have at least two and ideally three 

of the following features: (i) disruption of underlying 

cellular architecture by a lymphoproliferative process; 

(ii) presence of monoclonal or oligoclonal cell popula-

tions as revealed by cellular and/or viral markers; and 

(iii) evidence of EBV infection in many of the cells 

(i.e., DNA, RNA or protein). Detection of EBV nucleic 

acid in blood is not sufficient for the diagnosis of 

EBV‐PTLD.

EBV DNAemia and PTLD

There is a high correlation between EBV DNAemia in 

peripheral blood and the development of PTLD and 

other EBV‐associated disorders [4,6]. Prospective moni-

toring of EBV DNAemia can be performed in whole 

blood, plasma, or serum [5,11,23]. Usually, EBV 

DNAemia precedes the onset of clinical symptoms but 

this has not been a consistent finding [24].

Screening for EBV DNA should start on the day of 

HSCT and should continue for 3 months with a 

frequency of at least once weekly in high‐risk patients; 

longer monitoring is recommended in patients on 

treatment for GVHD, after haploidentical HSCT, and in 

those having experienced an early EBV reactivation 

[11]. In EBV DNA‐positive patients with rising EBV 

DNA load, a more frequent sampling might be consi

dered since the viral load can rise very rapidly [25]. 

Current data do not allow the establishment of an EBV 

viral load threshold value for the diagnosis of PTLD (or 

other end‐organ EBV disease) in HSCT patients [26]. It 

is also not possible to correlate the peak EBV viral loads 

with clinical disease manifestations [11].

EBV management strategies

Different approaches have been used for the prevention 

and treatment of EBV‐PTLD. These include the 

administration of rituximab, reduction of immunosup-

pression, or use of EBV‐specific CTL. These have been 

published as recommendations by the European 

Conference on Infections in Leukemia (ECIL) [11]. 

Despite a relatively wide range of antiviral drugs, none 

of them can be recommended for prevention or therapy 

of EBV‐PTLD. This is due to the lack of activity of a viral 

thymidine kinase in latent EBV. PTLD lesions typically 

consist of EBV‐immortalized B cells and only a minority 

of cells expressing lytic antigens of EBV. A novel 

approach has been recently used in which viral replica-

tion is promoted with the use of arginine butyrate 

upregulating the expression of the EBV thymidine 

kinase [27]. A new antiviral agent, brincidofovir, has 

excellent antiviral activity against EBV in vitro but 

whether prophylaxis with this drug will be able to 

reduce the risk for EBV replication and possibly PTLD 

will require further study.
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Possible strategies for using these approaches include 

prophylaxis, preemptive therapy, and treatment of 

established PTLD. The following definitions are used.

1	 Prophylaxis against EBV DNAemia is defined as 

treatment given with the aim of preventing EBV 

reactivation in a seropositive patient (or a primary 

infection when the donor is seropositive and the 

patient seronegative).

2	 Preemptive therapy is defined as anti‐EBV treatment 

given to an asymptomatic patient with EBV detected 

by a screening assay.

3	 Treatment of EBV disease is defined as therapy given 

to a patient with EBV (proven or probable) disease.

Prevention of EBV‐PTLD
The ECIL recommends that high‐risk HSCT patients 

should be tested for EBV antibodies before allo‐HSCT. If 

a patient is found to be seronegative, the risk for PTLD is 

higher if an EBV seropositive donor is used. Thus, HSCT 

donors should also be tested for EBV antibodies. When 

there is a choice, selection of a seronegative donor for 

an EBV‐seronegative patient should be contemplated 

since EBV might be transmitted with the graft. CD34‐

positive selection does not prevent EBV‐PTLD. Antiviral 

prophylaxis with currently available agents is not 

recommended for prevention of EBV‐PTLD. Prophylactic 

use of rituximab before or early after allo‐HSCT might 

reduce the risk of PTLD [28].

The selected monitoring and intervention strategy 

should depend on individual assessment of a patient 

[12]. Monitoring for EBV DNA is recommended after 

unrelated or HLA‐mismatched, T‐cell depleted, EBV‐

mismatched, or cord blood transplants [11]. The risk in 

HLA‐identical sibling transplant recipients not receiving 

T‐cell depletion is low, and no routine screening for EBV 

is recommended. The same is the case after autologous 

stem cell transplantation. For patients with hematologic 

malignancies receiving standard chemotherapy and in 

autologous HSCT recipients, EBV infection is of small 

importance. No routine diagnostics for EBV are 

recommended in these groups of patients, both before 

and after therapy.

Despite the lack of controlled studies and the cost of 

rituximab, many centers use rituximab‐based pre

emptive therapy based on the presence of high or 

increasing EBV DNA levels [12,29]. An EBV viral load 

of 103 or 104 copies/mL in whole blood, serum, or 

plasma is commonly used to begin rituximab‐based 

preemptive therapy. Rituximab is usually given for 2–3 

weekly doses while monitoring EBV viral load. 

Additional doses might result in downregulation of 

CD20 expression and thereby possibly decreased effi-

cacy. It is also possible to give EBV CTL preemptively in 

patients with high viral loads but not yet having devel-

oped PTLD.

Therapy of probable or proven EBV‐PTLD
A summary of reported outcomes of EBV‐related PTLD 

in HSCT recipients is shown in Table 26.1 [5,30].

Rituximab
Rituximab is the treatment of choice for EBV‐related 

PTLD, with positive outcome reported in almost 70% of 

patients. Rituximab has been shown to be effective also 

when administered intrathecally in central nervous 

system (CNS) involvement [31].

Table 26.1  Estimated efficacy of specific therapies of EBV-PTLD.

Preemptive 

therapy

Targeted 

therapy

Comments

Rituximab 89.7% 63–69% Recommended first‐line therapy, available in all centers

Reduction of immunosuppression* 56% — Recommended in combination with rituximab, if 

possible

EBV CTL 94.1% 88.2% Very good and promising method, but not available to 

most centers

DLI* — 41% Rarely used

Chemotherapy* — 26% Rarely used

Antiviral agents* — 34% Should not be used

*In most cases, used in combination with other therapies.



Figure 26.1  Post‐transplantation lymphoproliferative disease (PTLD)‐related mortality (PRM), and overall survival (OS). 

a) Cumulative incidence of PRM of the 51 patients who could reduce immunosuppression therapy on PTLD diagnosis (RI) 

compared with the 93 patients who could not reduce immunosuppression (no RI). b) Probability of OS in patients with RI 

compared with patients with no RI. Combined approach with rituximab and RI was associated with significantly reduced PRM  

(P = 0.006) and improved OS (P = 0.024). From Styczynski et al. [5]. Reproduced with permission of Oxford University Press.
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Reduction of immunosuppression
Reduction/withdrawal of immunosuppression (RI) 

remains the gold standard for first‐line PTLD therapy 

after SOT [34]. However, RI is rarely successful as the 

sole intervention in PTLD following HSCT [32,33]. The 

obvious risk with RI is an increased risk of graft rejection 

or GVHD [6]. However, recent data show that RI when 

applied in combination with rituximab significantly 

improves the outcome (Figure 26.1) [5]. In this study, 

RI was defined as a sustained decrease of at least 20% of 

the daily dose of immunosuppressive drugs with the 

exception of low‐dose corticosteroid therapy. RI was 

associated with a lower PTLD mortality (16% vs. 39%). 

Furthermore, a decrease in EBV DNAemia in peripheral 

blood during therapy was predictive of better survival. 

In contrast, older age, extranodal disease, and acute 

GVHD predicted poor outcome [5].

Cellular therapy
Donor leukocyte infusion (DLI) has been successful as 

treatment of PTLD post HSCT, but to achieve efficacy the 

donor must be EBV‐positive. However, unselected DLI 

can be associated with severe GVHD [35,36]. Data on 

efficacy are very limited as DLI has usually been used in 

combination with other treatment modalities. In one 

study, overall survival was reported to be 41.0% (16/39) 

in DLI‐treated patients [30].

Ex vivo‐generated EBV CTL have been proven to be 

effective as prophylaxis, preemptive therapy, and 

treatment for PTLD post HSCT [37]. Such cells are 

associated with a low risk for severe GVHD in contrast to 

unselected DLI. EBV CTL can be isolated and expanded 

in vitro from EBV‐seropositive stem cell donors or third‐

party donors. Recent advances have shown efficacy of 

multispecific viral CTLs (EBV, CMV, and adenovirus) 

obtained from third party donors [38]. EBV‐specific T cells 

can also be selected directly from EBV‐positive donors 

and infused to patients without expansion [39,40].

Chemotherapy in PTLD
Chemotherapy has traditionally been reserved for 

refractory and/or relapsing PTLD [6]. It can be consid-

ered for initial use in monomorphic PTLD occurring late 

in the post‐transplant course. Overall response rates in 

the SOT setting have been determined as 65–75% 

including late mortality [41,42]. The newer approach is 

to limit the use of chemotherapy to only those patients 

who fail rituximab or to combine chemotherapy with 

the application of rituximab [43].

PTLD of the CNS is a rare complication of SOT and 

there is currently no consensus on an optimal therapy. 

Recurrent PTLD following rituximab and front‐line che-

motherapy represents a particularly difficult therapeutic 

challenge.

Chemotherapy for PTLD after HSCT is usually not 

recommended due to poor toleration in HSCT patients 

who have usually been heavily pretreated with chemo-

therapy and/or conditioning before HSCT [5,30].

Other therapies
Active immunization against EBV is not available. There 

are no data to support the use of intravenous immune 

globulin or interferon in therapy of EBV DNAemia or 

PTLD. Surgical therapy is of little benefit in PTLD after 

SOT and is not used in HSCT patients.

Conclusions

PTLD is a heterogeneous disease; it may occur early, within 

the first year post transplant, with the highest occurrence 

during the first 6 months after HSCT; or late, up to 10 years 

after SOT. Early‐onset PTLDs are usually EBV‐positive, 

histologically heterogeneous, including most polyclonal 

mononucleosis‐like forms, and are associated with higher 

levels of EBV DNA copies in the peripheral blood. Nearly 

30% of late‐onset cases exhibit the biological pattern of 

EBV‐negative malignant lymphoma.

The use of rituximab for EBV‐related PTLD is a therapy 

of choice after HSCT. Recent data show that reduction of 

immunosuppression when applied in combination with 

rituximab significantly improves the outcome of HSCT 

patients. Reduction or withdrawal of immunosuppres-

sion remains the gold standard for first‐line PTLD therapy 

after SOT, while rituximab is regarded as second‐line 

therapy in this setting. Although attractive, adoptive cel-

lular therapy is still not available for most HSCT centers.
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Screening/testing Day 100 6 months 1 year Annually

T‐cell and B‐cell subsets ✓ ✓ ✓

Immunizations per transplant center or international guidelines ✓ ✓ ✓

Dental assessment + ✓ ✓

Tobacco avoidance/cessation ✓ ✓ ✓ ✓

Liver function testing ✓ ✓ ✓ ✓

BUN/creatinine testing ✓ ✓ ✓

Urine protein screening ✓ ✓ ✓ ✓

Thyroid function testing ✓ ✓

Gonadal function assessment

Prepubertal male and female ✓ ✓ ✓

Postpubertal women ✓ +

Postpubertal men + +

Vitamin D (25‐hydroxyvitamin D) ✓ ✓ ✓

Screening for secondary cancers ✓ ✓

Pulmonary function testing + + +

Chest radiograph + + +

Cardiac testing: echocardiogram/MUGA + + +

✓ Recommended for all transplant recipients.
+ Recommended for new symptoms or previous abnormality.
BUN, blood urea nitrogen; MUGA, multi‐gated acquisition scan.

Source: Majhail et al. [1]. Reproduced with permission of Elsevier.

Follow‐up calendar after autologous stem cell 
transplantation in lymphoma
Angela Moreschi Woods

appendix I
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Screening/testing 6 months 1 year Annually

Encapsulated organism prophylaxis * * *

PCP prophylaxis ✓ * *

CMV and EBV PCR testing *# *# *#
IgG ✓ ✓ ✓
T‐cell and B‐cell subsets ✓ ✓
Immunizations per transplant center or international guidelines ✓ ✓ ✓
Fundus examination + ✓ +
Schirmer’s test + + +
Dental assessment + ✓ ✓
Tobacco avoidance/cessation ✓ ✓ ✓
Liver function testing ✓ ✓ ✓
Serum ferritin testing ✓ +
BUN/creatinine testing ✓ ✓ ✓
Urine protein screening ✓ ✓ ✓
Bone density testing ✓ +
Thyroid function testing ✓ ✓
Gonadal function assessment

Prepubertal male and female ✓ ✓
Postpubertal women ✓ ✓ +
Postpubertal men + +

Vitamin D (25‐hydroxyvitamin D) + ✓ ✓
Recommend frequent skin self‐examinations ✓ ✓ ✓
Sun exposure counseling ✓ ✓ ✓
Gynecologic examination for women + ✓ ✓
Screening for secondary cancers ✓ ✓
Pulmonary function testing + +# +#
Chest radiograph + +# +#
Cardiac testing: echocardiogram/MUGA + +# +#

✓ Recommended for all transplant recipients.
* Recommended for patients with ongoing GVHD or immunosuppression.
+ Recommended for new symptoms or previous abnormality.
# According to your transplant center recommendation.
BUN, blood urea nitrogen; CMV, cytomegalovirus; EBV, Epstein–Barr virus; GVHD, graft‐versus‐host disease; MUGA, multi‐gated acquisition 
scan; PCP, Pneumocystis carinii pneumonia; PCR, polymerase chain reaction.
Source: Majhail et al. [1]. Reproduced with permission of Elsevier.

Follow‐up calendar after allogeneic stem cell 
transplantation in lymphoma
Angela Moreschi Woods

appendix II
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