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Abstract
Relapse of disease remains a major cause of mortality following allogeneic hematopoietic cell
therapy (HCT). Over the past decade there has been a tremendous increase in our understanding of
the biology underlying the graft-versus-tumor/leukemia (GVT) effect. However, there are several
other factors which affect the occurrence and outcome of relapse including conditioning regimen,
allograft, and the histology, state and chemotherapy-sensitivity of the disease being treated. The
mainstay of relapse treatment is donor leukocyte infusion (DLI), but the efficacy of DLI is quite
variable depending on disease histology and state. As such, there is a significant need for novel
therapies and strategies for relapse following allogeneic HCT, particularly in patients for which
DLI is not an option. The National Cancer Institute is sponsoring an international workshop to
address issues and research questions relative to the biology, natural history, prevention and
treatment of relapse following allogeneic HCT.

Keywords
allogeneic; relapse; graft-versus-tumor; DLI

INTRODUCTION
In his 1975 review of bone marrow transplantation in the New England Journal of Medicine,
E. Donnall Thomas noted that the major barriers to the successful application of this
modality were the availability of suitable donors, treatment-related toxicities, and relapse of
disease (1). In the past 30 years there has been tremendous progress in addressing the need
for donors for allogeneic hematopoietic cell transplantation (HCT) though the utilization of
HLA-matched volunteer unrelated donors, haplo-identical related donors, and cord blood
units (2). There has been significant improvement in supportive care measure with better
agents to treat mucositis and marked increase and efficacy of antibiotics to treat bacterial,
viral and fungal infections. There has been also been the introduction of nonmyeloablative
and reduced-intensity conditioning regimens which have been associated with as much as
50% reduction in treatment-related mortality rates, as compared to myeloablative
conditioning, when utilized in similar patient populations (3,4).

However, there has been very little progress in the reduction of in the incidence and
subsequent outcomes of patients who experience relapse following allogeneic HCT, as it
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remains one of the most common causes of death following allogeneic HCT (Figure 1). This
limited improvement has occurred despite a greater understanding of the biology underlying
the graft-versus-tumor/leukemia (GVT) effect (5) and, more importantly, the introduction of
donor lymphocyte infusion (DLI) as a therapeutic option for patients who experience disease
progression or relapse after allogeneic HCT (6). Relative to the biology underlying the GVT
effect, there is an awareness of major interactions between various lymphocytes (e.g. T
regulatory cells, natural killer cells), antigen (e.g. WT1) and receptor (killer cell
immunoglobulin receptors) expression, cytokines (e.g. interleukin [IL]-2, IL-7, IL-15,
transforming growth factor β-1), and the tumor environment play in mediating the GVT
effect (7). Despite this greater understanding we have not yet been able to translate these
findings into significant improvements in outcomes except for a minority of patients (8). In
regard to DLI, the disease for which it most effective, chronic myeloid leukemia (CML),
utilizes allogeneic HCT only in the minority of patients who are resistant to tyrosine kinase
inhibitors. In the vast majority of malignant diseases for which allogeneic HCT is utilized
DLI are either ineffective or can provide long-term disease-free survival for only a minority
of patients (9). These results are even more disappointing when placed in the context that the
relapse risk is significantly higher in individuals who undergo allogeneic HCT following
nonmyeloablative and reduced-intensity conditioning.

The majority of the available medical literature on relapse following allogeneic HCT
focuses on treatment, particularly on immunotherapeutic approaches such as withdrawal of
immune suppression and DLI. However, an important clinical question is what to do with
patients with active graft-versus-host disease (GVHD) for whom DLI is relatively
contraindicated. There are relatively few reports on non-immunological treatments despite
the fact chemotherapy-sensitivity is commonly cited as the most important prognostic factor
associated with relapse. Other important factors impacting relapse include disease, disease
state, stem cell source, graft manipulation, immunosuppression, and, as previously
mentioned, conditioning regimen. There is a paucity of data on the epidemiology,
prevention, and monitoring for relapse of various diseases following allogeneic HCT.
Unfortunately, the disease, for which there are the most data, is CML. However, this can
serve as a model to study relapses in other diseases. This brief reviews attempt provide an
overview on our current understanding of the GVT effect, current treatments approaches,
and an attempt to organize the transplant community to address the major laboratory and
clinical questions related to relapse following allogeneic HCT.

T CELLS IN THE GRAFT-VERSUS-TUMOR RESPONSE
Although the conditioning regimen remains an important contributor to the anti-tumor
potential of allogeneic HCT, the emphasis in the last decades has been on the therapeutic
effect of GVT activity. Extensive analysis both in human and animal studies has shown that
GVT activity is primarily mediated by T and NK cells, although other cells can contribute
through direct or indirect mechanisms. In some cases donor T cells can recognize a tumor-
specific (e.g. Bcr/Abl in CML) or a minor histocompatibility antigen, such as a polymorphic
antigen with restricted expression on hematopoietic cells (e.g. HA-1/2). However, the major
contributors to the GVT activity of donor T cells are likely alloreactive T cells recognizing
allo-antigens on tumor cells and normal tissue cells in the recipient. Clinical studies support
this notion and have demonstrated an inverse correlation between GVHD, especially chronic
GVHD, and post-transplant relapse risk. Therefore, strategies to enhance GVT activity could
result in worsening of GVHD, and novel approaches to improve GVT must be evaluated for
this potential complication. Here, we briefly review selected approaches for enhancing GVT
without exacerbating GVHD. Recent reviews on strategies to promote GVT without
exacerbating GVHD are shown in Table 1 (10–15).
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Post-transplant environment
Recent studies have resulted in a new appreciation of the post-transplant setting as a unique
environment that seems to be conducive to T cell reactivity against tumor cells as well as
vaccines aimed at enhanced T cell responses. Recently, investigators studying optimal
conditions for cancer immunotherapy “reinvented” myeloablative conditioning followed by
autologous HCT as an ideal setting for adoptive T cell therapies (16). Post-transplant
infusion of T cells can produce robust T-cell expansion and vaccines and immune-
modulating antibodies, also appear to have augmented efficacy in the setting of decreased
lymphocytes. Possible mechanisms include increased access to antigen-presenting cells (and
MHC/antigen), increased access to cytokines (IL-2, IL-7, IL-15, IL-21), decreased
suppressor cell populations, lymphopenia-induced homeostatic proliferation of naïve T cells
develop and radiation-induced upregulation of trafficking/adhesion molecules, costimulatory
molecules, and activation of dendritic cells (17,18).

T cell reconstitution
Allogeneic HCT patients experience prolonged post-transplant deficiencies in T cell
numbers and function, which is associated with increased risks for malignant relapse,
development of secondary malignancies, and suboptimal responses to immunotherapeutic
strategies such as anti-tumor vaccination. Currently, the most promising approaches to
enhance post-transplant T cell reconstitution include cytokines and growth factors, including
growth hormone, IGF-I, ghrelin, sex steroid ablation with leuprolide, keratinocyte growth
factors, IL-7, IL-12 and IL-15. All these agents have shown promise in animal models and
most of them are currently in early clinical trials (19).

T Cell Cytolysis
Cytotoxic T cells execute their function via use of the perforin/granzyme system and death
receptor ligands (FasL, tumor necrosis factor (TNF)-related apoptosis-inducing ligand
[TRAIL], TNF-like weak inducer of apoptosis [TWEAK]), which trigger the target cell’s
own apoptotic pathways (11). Multiple murine models have demonstrated differential use of
these cytolytic pathways during GVT and target organ GVHD. For example, FasL is
important for liver GVHD, whereas TNF has a critical role in intestinal GVHD. Depending
on the tumor model used, each of these pathways can be involved in GVT activity, although
GVT activity by TWEAK has not been studied to date. Overexpression of TRAIL in T cells
seems to be able to enhance GVT activity against certain malignancies, although TRAIL has
been recently implicated in thymic GVHD (MRM van den Brink: unpublished
observations).

T Cell Trafficking
Studies in mouse models have demonstrated roles for individual selectins, integrins, and
chemokines/chemokine receptors in the pathogenesis of GVHD (20). For example, donor T
cells deficient for CCR2 or β7 integrin have decreased capability to home to the liver and GI
tract resulting in decreased GVHD, but intact GVT responses. Natalizumab is a humanized
antibody to the α4 subunit of certain integrin heterodimers, including α4β7, which is
associated with homing to the intestines. Natalizumab has been tested for use in
inflammatory bowel disease and multiple sclerosis and could potentially useful for inhibition
of migration to GVHD target tissues while still permitting activation of GVT effectors in
lymphoid tissue. However, further studies with this drug are being complicated by
controversy regarding the increased risk of progressive multifocal leukoencephalopathy
observed in patients treated with natalizumab.
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Regulatory T cells
A number of investigators have demonstrated in mouse models that regulatory T cells
(Tregs) of donor or host origin can inhibit GVHD. CD4+CD25+ Tregs suppress the early
expansion of alloreactive donor T cells, and have been reported to limit their expression of
interleukin-2-receptor (IL-2R) alpha-chain and their capacity to induce GVHD without
abrogating GVT effector function, mediated primarily by the perforin lysis pathway. Thus,
at least in mouse models, donor Tregs can separate GVHD from GVT activity. Several
clinical studies with Tregs administered to patients receiving an allogeneic HCT are
currently underway.

Effector Memory T cells
Upon encounter of their cognate antigen in the context of appropriate costimulatory signals
naïve CD8+ T cells will become activated and can develop into effector (TEM) and central
memory (TCM) CD8+ T cells. Similar differentiation patterns have been proposed for CD4+
T cells. TCM cells are long-lived and express CD62L and CCR7 in contrast to CD8+ TEM
cells. Studies in mouse models have shown that selected CD4+ or CD8+ donor TEM (as
opposed to naive) T cells cause less GVHD, but can still exert GVT activity. Several
investigators are currently planning clinical trials in allogeneic HCT recipients with selected
donor TEM cells.

Adoptive cell therapy and vaccines
Beginning with DLI, the potential of adoptive T cell therapy has been widely recognized as
a way to enhance GVT and prevent or treat malignant relapse. Many strategies have been
developed that have focused on the ex vivo expansion of donor T cells which can recognize
one or more antigens on tumor cells. These cells can be modified with suicide genes (to halt
the development of GVHD), specific T cell receptors (TCR) resulting in T cells with dual
TCRs, chimeric antigen receptors (which use the antigen binding portion of an antibody in
combination with the TCRζ chain for activation), undergo ex vivo polarization towards Th1
or Th17, and a variety of other strategies. Several of these approaches are currently in
clinical trials as upfront or delayed adoptive T cell therapy in allogeneic HCT patients.

This brief review could only touch on a few of the many exciting strategies that are being
developed to enhance T cell-mediated GVT. Many problems still remain to be solved
ranging from feasibility to financial costs to scientific issues. For example, the Achilles heel
of T cells is their requirement of antigen recognition when many tumor cells through genetic
instability and a variety of other mechanisms can downregulate many potential antigens and
avoid elimination by T cells. Therefore, an important question regarding any potential tumor
target antigen is whether its expression is indispensable for the survival of the tumor cells.
Alternatively, GVT activity of T cells could be directed against non-cancer cells in the
tumor stroma, such as the tumor vasculature myeloid-derived suppressor cells. However, as
our understanding of T cell biology continues to grow it is expected that new approaches
will emerge to optimize GVT by T cells, which remain the most important mediators of
GVT.

STRATEGIES AND OPTIONS FOR RECURRENT DISEASE FOLLOWING
ALLOGENEIC STEM CELL TRANSPLANTATION

Treatment options for most patients who relapse after allogeneic HCT are limited and
prognosis is generally poor, with the exception of CML. In general, the greatest potential for
successful treatment of relapse is manipulation or enhancement of donor cells as GVT
induction. Hence the most common intervention for relapse is DLI. In some cases,
supportive and palliative care may be the most appropriate option. Disease specific
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chemotherapy or radiation can be considered in some settings but with poor long term
survival (21). In some cases, cytokines to activate T, NK or dendritic cells, have resulted in
sustained remissions after relapse. Second HCT may be curative, but is associated with
extensive morbidity and mortality. Ultimately, newer strategies are needed to maximize
efficacy and limit toxicity for treatment of relapse after allogeneic HCT.

Withdrawal of Immunosuppression
To maximize the GVT activity, withdrawal of immunosuppression is often the first
intervention for relapse. While there are numerous anecdotal successes, this approach, by
itself, is rarely effective in patients with diseases other than CML.

Second Allogeneic SCT
Historically, the role for second allogeneic HCT has been limited by unacceptable relapse
rates and high mortality. Treatment-related mortality (TRM) is between 25–45% after
myeloablative second transplant and varies between 0–30% after non-myeloablative second
transplant, depending on prior therapies, age and time from first transplant. Relapse rates are
disease dependent but few studies report relapse rates less than 40%. Interestingly, despite
this high risk, survival rates after second myeloablative transplant for acute leukemia are
between 25 to 40%, though clearly this represents highly selected patients. Available data do
not support a benefit with a second donor, and generally show improved outcomes for
younger patients and a longer time (>6–12 months) from transplant to relapse. Data (Figure
2) from the Center for International Blood and Marrow Transplant Research (CIBMTR)
showed that the survival for patients less than 20 years old who relapse more than 6 months
from transplant was 51% at 5 years and only 3% for older patients who relapsed within 6
months (22). The European Group for Blood and Marrow Transplantation (EBMT) reported
the best outcomes for patients with late relapse (>292 days) in remission at time of second
transplant with a 53% survival at 3 years (23).

Reduced intensity conditioning (RIC) for the second allogeneic transplant is expected to
minimize TRM but relapse rates are high. Nevertheless, long-term survival rates between 20
and 60% are reported. Outcomes are dependent on many factors including the intensity of
the first and second conditioning regimen, time to relapse, underlying disease, and disease
status at transplant. Whether a RIC regimen improves outcome compared to conventional
conditioning for a second allogeneic transplant is unknown.

Disease-specific Treatments
Relapsed CML—DLI for relapsed CML is dramatically effective and induces complete
molecular remissions in up to 80% of patients who relapse in chronic phase (24). These
remissions are sustained in the majority of patients though late relapses raise concern that
GVT effects might have a limited life span or that the primitive leukemic stem cell is not
eradicated.

Imatinib may be an effective alternative to DLI for relapsed CML without the risk of
GVHD. Limited data suggest up to 70% of patients achieve a complete molecular remission.
It appears that continued therapy is necessary to prevent progression (25). While combined
therapy has not been prospectively studied, the combination of imatinib or other tyrosine
kinase inhibitors (TKI) with DLI has the advantage of rapid reduction in leukemia burden
and disease control until an effective immune response can develop. Moreover, it is possible
that lower T cell doses would be necessary, thus reducing the risk of GVHD. Unfortunately,
DLI is less effective for patients with accelerated and blast phase CML. Only 12–28% of
these patients achieve remission, and many responses are transient.
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When DLI and TKI therapy are not options or are ineffective, interferon-a may be a useful
alternative (26). Vaccine strategies also hold particular promise for relapse of indolent
diseases like CML (27).

Acute Leukemias—For relapsed acute leukemias, both conventional chemotherapy and
newer biological agents result in significant remission rates but poor long term survival. The
use of novel agents (e.g. dasatinib or newer TKIs) in patients with Ph+ acute lymphoid
leukemia (ALL) or 5-azacytidine for relapsed acute myeloid leukemia (AML) may have
particular benefit. For patients with relapsed ALL, outcomes are particularly poor after DLI
with response rates between 0–20% and overall survival rates less than 15% (9). Outcomes
after DLI for relapsed AML are more variable. Response rates occur in 15–30% of patients
but remission duration is generally short and long term survival is only approximately 20%.
The EBMT studied outcomes in almost 400 patients with relapsed AML (28). For the 171
recipients of DLI, outcomes were improved if DLI was given to patients who achieved
remission by other means. In a good risk population of patients in remission with a favorable
karyotype, the 2 year overall survival (OS) was 56%; this is in contrast to patients who
received DLI with active disease or during aplasia who had an OS of 9–20% (overall 15%)
depending on other risk factors. Nevertheless, patients treated with DLI appear to have
better outcomes than patients who never receive DLI with overall survival of 21 versus 9%
at 2 years. Furthermore, patients who relapse later after allogeneic HCT and receive DLI
have improved outcomes compared to patients who relapse early (29).

Immunotherapy often fails because rapid leukemia cell growth may outpace the cytotoxicity
of donor leukocytes. When patients with acute leukemia are given chemotherapy prior to
DLI (c-DLI), complete remissions (CRs) are more common. In one study, CRs were
reported in 47% of patients (29). Although overall survival at 2 years was 19%, patients who
recovered from c-DLI in CR had 1- and 2-year survival rates of 51% and 41%, respectively,
compared to a 1-year survival of 5% in non-responders. Survival at 1 year for patients with
relapse occurring less than 6 months after transplant was 10% compared to 44% for patients
who relapsed more than 6 months after transplant (p<0.001).

DLI for Myeloma, Hodgkin’s Disease, and Non-Hodgkin’s Lymphoma—
Response rates and remission duration following DLI in other diseases are less well defined.
It is clear that a “graft-versus-myeloma” effect from DLI can induce remissions in some
patients who relapse after allogeneic HCT, but relapse rates are high and long term
outcomes poor (30). The use of newer biological therapies for myeloma will expand
treatment options for relapsed disease. There is relatively limited data on outcomes after
DLI for relapsed non-Hodgkin’s lymphoma (NHL) and Hodgkin’s disease (HD); however,
experience demonstrates that a meaningful graft-versus-lymphoma reaction can be generated
after DLI for NHL and HD (9,31,32).

Relapse after Reduced Intensity Transplantation
As previously described, RIC is associated with higher relapse rates, as compared to
myeloablative conditioning prior to allogeneic HCT. While mortality is quite high in
patients who relapse after RIC transplant, patients given therapy seem to have better
outcomes than patients who receive no intervention (33). Response rates to DLI after RIC
allogeneic HCT seem similar to those after conventional SCT.

New Approaches to Relapse Treatment
Despite the achievements with DLI, high response rates are largely limited to CML, and are
tempered by significant GVHD and other toxicity. Innovative and novel immunotherapeutic
approaches are being studied (Table 2). Among other approaches, non-specific ex-vivo
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activation and expansion through co-stimulation of donor T cells have been used safely with
intriguing GVT responses (34). It may also be possible to generate leukemia specific
cytotoxic T cells to use for adoptive immunotherapy (35). Vaccine strategies with tumor
specific antigens or modified tumor cells are other promising approaches to generate tumor-
specific immunity (27, 36). These strategies are likely to be most effective in the setting of
minimal disease. Combining DLI with antibody therapy that may direct effector cells
directly to tumor cells may overcome possible resistance mechanisms to GVT induction
without excessive toxicity.

Since DLI seems to be most effective for patients with minimal disease, the role of
prophylactic DLI for patients in remission needs to be better defined. If donor T cells
become tolerant or possibly rapidly senescent after HCT as a mechanism leading to relapse,
then the use of repetitive DLI, once patients achieve remission, may be useful (37). In
addition, the role of other cell populations (such as NK and dendritic cells) in GVT
induction for relapse needs to be explored in further detail. Ultimately, understanding the
biology of relapse and mechanisms involved in GVT induction will permit more effective
and patient specific approaches for relapsed disease.

FIRST INTERNATIONAL WORKSHOP ON THE BIOLOGY, PREVENTION,
AND TREATMENT OF RELAPSE AFTER ALLOGENEIC HEMATOPOIETIC
STEM CELL TRANSPLANTATION

To address the problem of relapse following allogeneic HCT, the National Cancer Institute
convened a workshop on November 2 and 3, 2009 in Bethesda, Maryland, USA. The
planning of this event began in 2008 with the primary objectives of: 1) reviewing the current
“state-of-the-science” relative to the biology, natural history, prevention and treatment of
relapse following allogeneic HCT, 2) identifying the most important questions and problems
that need to be answered relative to the biology, prevention and treatment of relapse
following allogeneic HCT over the next 5 years, 3) provide specific recommendations as to
what studies and resources are needed in order to answer these questions and provide for the
deficits relative to the research related to relapse following allogeneic HCT, and 4) provide a
forum for interested researchers to interact and form networks of interest. An international
group of more than 60 basic and clinical researchers was assembled and assigned to specific
committees addressing the biology, strategies and therapies for prevention, disease-specific
methods and strategies for monitoring, and disease-specific treatment of relapse following
allogeneic HCT. Each committee generated a list of research priorities, and a summary of
their recommendations were presented for open discussion at the workshop, and the final
recommendations will be published sequentially in the Biology of Blood and Marrow
Transplantation. At the end of the two day workshop a summary report of all the working
committees as an executive summary were developed for subsequent publication. A
summary of the workshop recommendations will be presented during the 2010 Tandem
Transplant Meetings Educational Sessions.
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Figure 1.
Causes of death following allogeneic hematopoietic cell transplantation as reported to the
Center for International Blood and Marrow Transplant Research
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Figure 2. Second Allogeneic Hematopoietic Cell Transplantation as reported to the Center for
International Blood and Marrow Transplant Research (22)
Probability of overall survival after second transplantation. (A) Age ≤20 years, duration of
remission >6 months; (B) age >20 years, duration of remission >6 months; (C) age ≤20
years, duration of remission ≤6 months; and (D) age >20 years, duration of remission ≤6
months 2.
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Table 1

T cell approaches to enhance GVT without exacerbating GVHD

Strategy Reference

Immune reconstitution (#10)

Cytolytic pathways (#11)

Trafficking (#12)

Regulatory T cells (#13)

Effector Memory T cells (#14)

Adoptive cell therapy and vaccines (#15)
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Table 2

Newer Approaches to Cellular Therapies to Treat Relapse

• Combine chemotherapy and biological therapy with DLI (i.e. imatinib, 5-azacytadine, gemtuzumab, bispecific antibodies, etc)

• Ex-vivo activation and expansion of donor T cells through co-stimulation

• Generation and infusion of tumor-specific T cells

• Generation and infusion of minor histocompatibility antigen-specific T cells

• Low dose DLI followed by dose escalation

• Infusion of selected T cell subsets (i.e. after CD8+ cell depletion or CD4+ cell selection)

• Inactivate alloreactive T cells (i.e. through transduction of suicide genes into donor T cells; photochemical inactivation;
chemotherapy inactivation, irradiation)

• Infusion of T-regulatory cells

• Generation and infusion of Th2 type T cells

• Generation of other cellular effectors such as NK and dendritic cells

• Manipulation of antigen presenting cells to maximize GVT or minimize GVHD

• Tumor-specific vaccines (antigen specific, modified tumor cells, etc) combined with cellular effectors.
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