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Introduction

When explaining the risks of allogeneic hematopoietic cell transplantation (allo-HCT) for malignant
disease to patients, providers typically emphasize potentially life-threatening complications, including
graft-versus-host disease (GVHD), opportunistic infection, organ damage, hemorrhage, and graft
rejection. After learning of the potential morbidity and mortality associated with allo-HCT in such consent
sessions, transplant candidates are sometimes surprised that they also face the risk of disease
recurrence despite transplantation. Indeed, over the past 30 years, funding for clinical- and laboratory-
based transplant research has focused far more on prevention and treatment of GVHD, rather than on
addressing the issue of relapse. This may be understandable given the still somewhat mysterious nature
of GVHD and its devastating consequences, yet disease recurrence remains the single leading cause
for failure after allo-HCT.1 Indeed, a review of investigational studies listed on ClinicalTrials.gov reveals a
relative paucity of interventional trials devoted to the prevention and/or treatment of disease relapse after
allo-HCT.

Outcomes for patients who relapse after allo-HCT have been historically dismal, particularly for patients
with acute leukemia. In a single institution study of 351 patients who relapsed after allo-HCT, the 3-year
postrelapse overall survival (OS) rate was only 19%. Risk factors for mortality after relapse included
shorter time to relapse, high disease risk index at HCT, myeloablative conditioning (MAC), high pre-HCT
comorbidity index, and onset of GVHD occurring prior to relapse. Important prognostic factors did not
vary by underlying disease type. Receiving a donor lymphocyte infusion (DLI) or second HCT was
associated with superior postrelapse survival as was the development of GVHD after relapse.2 The
importance of restoring graft-versus-tumor activity to treat recurrence is further underscored by the
observations that remissions can be induced in some cases with immune suppression withdrawal
alone.3 While cell-mediated allo-immunity certainly contributes to tumor eradication, pharmacologic
agents during and after HCT may also play a role in addressing relapse either directly by killing malignant
cells or indirectly by stimulating engrafted donor immune effectors. This review will address the
applications of these medications to prevent or treat recurrence.

The challenge of addressing post-HCT relapse

One of the challenges in conducting either retrospective analyses or prospective randomized trials to
assess strategies that might mitigate relapse rates is the inherent biologic susceptibility of the underlying
malignancy. It has been well established that karyotypic abnormalities in acute leukemia impact not only
outcomes of conventional therapy but also those after allo-HCT.4 A CIBMTR (Center for International
and Marrow Transplant Research) analysis of .13 000 patients suggested that the disease risk index
rather than any one specific therapeutic intervention influenced relapse rates and outcomes after
allo-HCT.5 A more granular detailed assessment of mutational profiles clearly indicates the impact of
specific molecular abnormalities on the likelihood of relapse after allo-HCT.6,7 Thus, even randomized
trials must be interpreted with caution if modern biological parameters are not available or well balanced.
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Another practical impediment is the lack of access to investigational
agents to test in the post–allo-HCT setting. Early-phase studies
involving new drugs for relapse often exclude patients who have
undergone allo-HCT given the myriad complications that such
patients may experience. Trials using agents administered as
maintenance after allo-HCT are usually only permitted to be
performed when such agents have been approved for other
indications or settings. This dynamic often permits off-protocol
access to these agents, possibly hindering enrollment into pro-
spective randomized trials when they are finally conducted in the
post allo-HCT setting (Table 1).

Timing of intervention

Pharmacologic intervention can be introduced at the time of
HCT intercalated with or as part of conditioning. However, the
incorporation of additional agents with conditioning runs the risk of
heightening the toxicities inherent to the transplant procedure itself.
Alternatively, therapy can be initiated in a maintenance strategy,
while still in remission, to prevent disease relapse once acute
toxicities of HCT have resolved. An ideal maintenance approach
does not compromise graft integrity, induce significant GVHD, or
interfere with the metabolism of other essential pharmacologic
agents such as calcineurin inhibitors. Although maintenance leads
to the treatment of all patients, many of whom may not be destined
to relapse, a preemptive approach targets only patients with
warning signs of impending relapse, such as those with minimal
residual disease (MRD) detected by multiparameter flow cytometry,
polymerase chain reaction or more sensitive molecular techniques,
or falling donor hematopoietic chimerism. A preemptive strategy,
however, will only be effective if the kinetics of relapse allow
sufficient time from MRD detection to initiate therapy before
morphologic relapse and clinical consequences.8 (Figure 1)

Conditioning regimen dose intensification

Early attempts to tackle the problem of disease recurrence after
allo-HCT concentrated on escalating the intensity of conditioning.
An early study from Seattle prospectively randomized acute myeloid
leukemia (AML) patients to cyclophosphamide (Cy) (120 g/kg) plus
either 1200- or 1575-cGy total body irradiation (TBI) in conjunction
with cyclosporine/methotrexate GVHD prophylaxis. The 3-year
probability of relapse was significantly lower for the 1575-cGy
group but was offset by higher rates of moderate to severe acute
GVHD and nonrelapse mortality (NRM). OS was identical.9 When
additional chemotherapy (high-dose cytarabine) was added to a
Cy/TBI regimen, relapse rates were indeed lower but survival was
not higher as a consequence of increased NRM.10 Indeed, with the
successful introduction of reduced intensity conditioning (RIC)
allowing older patients to more safely undergo HCT, investigators
began examining whether more gentle preparative regimens were
comparable or perhaps superior to MAC by maintaining the graft-
versus-leukemia (GVL) response yet sparing patients toxicity and
NRM. A number of retrospective institutional and registry studies
suggested that although reduced-intensity regimens might com-
promise disease control, the reduction in toxicity results in
comparable OS.11-14 So-called reduced-toxicity MAC regimens
(busulfan [Bu]/fludarabine [Flu]) have begun to replace traditional
Cy/TBI or Bu/Cy regimens. A randomized study of Bu/Flu vs Bu/Cy
in 252 patients with AML 40 to 65 years of age demonstrated a
lower 1-year NRM rate of 17.2% vs 7.9% (P 5 0.026) for Bu-Flu

recipients with no statistically significant differences in relapse rates
or OS.15

Despite these reports, manipulating conditioning to improve
disease control should not be categorically dismissed. The Pediatric
Working Party of the European Society for Blood and Marrow
Transplantation (EBMT) recently published a retrospective report
comparing 3 regimens (TBI/Cy, Bu/Cy, Bu/Cy/melphalan) for children
with AML in complete remission 1 (CR1). Bu/Cy/melphalan was
associated with a lower incidence of relapse at 5 years (14.7% vs
31.5% in Bu/Cy vs 30% in TBICy, P , .01) and higher OS (76.6%
vs 64% vs 64.5%, P 5 .04) and leukemia-free survival (74.5% vs
58% vs 61.9%, P, .01), with a comparable NRM (10.8% vs 10.5%
vs 8.1%, P 5 .79).16 More recently, novel approaches incorporating
radiolabeled 131I-anti-CD45 antibodies have demonstrated that
marrow-directed dose intensification may be combined with other
conditioning approaches to selectively deliver antitumor activity
without increased off-target toxicity.17,18

The most convincing data supporting the impact of dose intensity on
relapse and transplant outcome come from the large prospective
randomized phase 3 trial conducted by the Bone Marrow Transplant
Clinical Trials Network comparing MAC with RIC in patients with AML
or myelodysplastic syndrome (MDS). Patients 18 to 65 years of
age were randomly assigned to receive MAC (n 5 135) or RIC
(n5 137) followed by HCT from HLA-matched related or unrelated
donors. At 18 months, relapse rates were significantly lower
with MAC vs RIC (13.5% vs 48.3%, P , .001). Despite higher
transplant-related mortality in the MAC patients (15.8% vs 4.4%,
P 5 .002), relapse-free survival was higher for MAC patients
(67.8% vs 47.3%, P, .01) as was OS (77.5% vs 67.7%, P5 .07).
Among multiple covariates examined, the diagnosis of AML, the
presence of high-risk disease, and a comorbidity index of 0 were
found to specifically benefit from MAC.19 Although these results
appear convincing, potential interactions with mutational drivers of

Table 1. Challenges of conducting clinical trials to prevent or treat

disease relapse after allo-HCT

Agent specific

Off-target toxicities including cytopenias/additional immunosuppression

Induction of GVHD

Impairment of effective graft-vs-malignancy effect

Drug-drug interactions

Disease specific

No singular target for the majority of diseases

No validated reliable MRD assays for majority of diseases to act preemptively

Competition with other trials/modalities

Population specific

Competing risk of opportunistic infection

Competing risk of GVHD

Trials conducted will have inherent selection bias given early dropout after allo-HCT

Industry specific

Reluctance to conduct early-phase trials in the post–allo-HCT setting

Access to agents inhibits enrollment in randomized trials

Small market
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the underlying malignancy may have influenced outcomes. A recent
analysis from The National Marrow Donor Program, CIBMTR, and
Dana-Farber Cancer Institute in patients with MDS revealed that
high-dose preparative regimens benefited patients with mutations
involving the RAS pathway but did not influence relapse rates in
patients with p53 mutations.6

Lessons from autologous HCT

The concept of incorporating additional pharmacologic therapy after
transplant to prevent disease recurrence began with autologous
HCT. The comparatively high relapses rates and low toxicity of auto-
HCT compared with allogeneic procedures stimulated investigators
to evaluate additional agents in the autologous setting. In addition,
significant advances have been made in the development of new
therapies for diseases for which auto-HCT is typically performed,
such as multiple myeloma and lymphoma. In contrast, until recently,
only a limited number of successful interventions were available for
the common diseases for which allo-HCT is used (AML, acute
lymphoblastic leukemia [ALL], and MDS).

Early efforts at maintenance after auto-HCT for both lymphoma and
myeloma did focus on drugs thought to have immunomodulatory
properties, such as interferon-a. Most studies demonstrated a
marginal benefit with substantial toxicity.20,21 The most successful
application of post-HCT intervention has been after auto-HCT for
multiple myeloma, specifically with immunomodulatory drugs and
proteasome inhibitors. Although trials of thalidomide after transplant
have yielded conflicting results, lenalidomide maintenance has been
evaluated in 3 prospective, controlled randomized studies, all of
which demonstrated a significant improvement in progression-
free survival (PFS) and, to some degree, OS.22-24 Lenalidomide
maintenance therapy is associated with myelosuppression, which
has led to discontinuation in some patients. There has also been an
increased risk of both hematologic malignancies and solid tumors in
patients receiving lenalidomide compared with placebo. Nonethe-
less, a clear overall benefit remains, which has led to lenalidomide
maintenance therapy after auto-HCT being established as a

standard of care in the United States. Bortezomib has also been
studied as maintenance therapy after auto-HCT with promising
results,25 although a formal prospective randomized study has not
yet been reported.

In contrast to myeloma, post-HCT maintenance therapy has not
been widely adopted for lymphoma. The most commonly studied
agent has been the anti-CD20 monoclonal antibody, rituximab. A
prospective randomized study in recurrent large cell lymphoma
failed to demonstrate an advantage in relapse-free or OS for
rituximab maintenance therapy.26 Although a prospective random-
ized trial in recurrent follicular lymphoma of post-HCT rituximab
suggested an improvement in PFS, no differences were docu-
mented in OS.27 Recently, a trial of the anti-CD30 antibody-drug
conjugate brentuximab vedotin as maintenance therapy after auto-
HCT for adverse risk recurrent classical Hodgkin lymphoma similarly
yielded improved PFS, but no increase in OS,28 yet received
approval to be administered in this setting. The results of these trials
do raise the question of whether an improvement in PFS but not
OS is sufficient to warrant adoption of a particular maintenance
approach. Supporters might argue that for more indolent malig-
nancies, survival can be prolonged even after post-transplant
relapse so that improvement in PFS should carry significant weight.
Detractors would argue that if the condition of a patient can be
salvaged by additional lines of therapy, the value of maintenance
therapy to a patient population is limited, especially if that particular
therapy is highly efficacious when given as treatment for relapse. In
younger patients with mantle cell lymphoma, recently presented
phase 3 results from the LyMa Trial have shown that rituximab
after auto-HCT prolongs PFS and OS. The 4-year PFS from
randomization was higher in the rituximab arm (82.2% vs 64.6%,
P 5 .0005), as was the 4-year OS (88.7% vs 81.4%, P , .05).29

Thus, the difference in survival advantage from maintenance
strategies from these trials may be related to biologic differences
of the underlying disease or alternatively to the application of this
strategy in transplantation performed after first response rather than
in the relapsed disease setting.
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Figure 1. Different approaches to post-transplantation

therapies after allogeneic HCT including treatment

vs preemptive vs maintenance. (Adapted with

permission from Defilipp and Chen.8)
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Breakpoint cluster region–Abelson tyrosine

kinase inhibitors in chronic myeloid

leukemia and ALL

The most commonly used maintenance strategy after allo-HCT
has been the use of Abelson tyrosine kinase inhibitors (TKIs) in
Philadelphia chromosome-positive (Ph1) leukemias including
advanced-phase chronic myeloid leukemia and Ph1 ALL. Most
of the data supporting this practice come from single-arm or
retrospective experiences. Initial studies with imatinib revealed that
it could safely be given after HCT without major myelosuppression
or unmanageable interactions with calcineurin inhibitors.30 In one
trial, imatinib was administered to 22 patients with Ph1 leukemia
from the time of engraftment to 1 year after HCT, with 77%
maintaining major molecular remission and only 9% with hemato-
logic relapse.31 In a separate study of 22 patients with chronic
myeloid leukemia in which imatinib was administered from day 35
to 1 year post-HCT, 95% completed 11 months of therapy and
remained without cytogenetic or hematologic relapse, although
15 patients did experience disease relapse once imatinib treatment
was stopped.32 Second- and third-generation TKIs also have been
studied after allo-HCT. A number of small retrospective series have
reported successful maintenance with dasatinib and nilotinib,33-35

and many have adopted this as a standard of care.

Larger registry experiences evaluating the efficacy post–allo-HCT
maintenance, TKI therapy for Ph1 ALL have yielded contrasting
results. The CIBMTR analyzed 197 patients with Ph1 ALL undergo-
ing allo-HCT in CR1, 43 of whom received post-transplant therapy
with TKIs. There was no difference in the 3-year cumulative
incidence of relapse.36 However, in an EBMT study of 473 patients
with Ph1 ALL in CR1, of which 60 patients received maintenance
therapy with TKIs, imatinib administration was independently
associated with a lower relapse rate and improvements in both
leukemia-free survival and OS.37 The danger in interpreting these
registry studies is that patients initiated maintenance at different
time points after allo-HCT and likely received differing doses and
varying durations of therapy.

Because MRD can easily be monitored in Ph1 leukemias through
quantitative breakpoint cluster region–Abelson (BCR-ABL) poly-
merase chain reactions in peripheral blood, some investigators have
advocated for a preemptive, MRD-triggered approach. In one
prospective evaluation of 27 patients undergoing allo-HCT for Ph1

ALL, preemptive imatinib therapy at MRD detection post-HCT was
associated with prolonged disease-free survival in approximately
half of patients, which could be anticipated by rapid achievement of
molecular CR in response to therapy.38 A phase 2 study of 55 patients
comparing maintenance and preemptive, MRD-triggered imatinib in
Ph1 ALL resulted in low rates of hematological relapse in both arms.
Although the maintenance strategy reduced molecular recurrence
compared with preemptive therapy, there was no significant difference
in overall outcomes between the 2 arms.39

TKIs targeting FMS-like tyrosine kinase

3-internal tandem duplication in AML

Internal tandem duplication mutations involving the FMS-like
tyrosine kinase 3 (FLT3-ITD) occur in 25% to 40% of patients with
de novo AML. Allogeneic HCT in CR1 appears to improve the
prognosis of patients with FLT3-ITD AML; however, disease relapse

remains significant.40 A number of FLT3 TKIs are being investigated
in various phases of therapy including the post-HCT maintenance
setting for FLT3-ITD AML, including sorafenib, midostaurin,
quizartinib, crenolanib, and gilteritinib. Midostaurin is the first FLT3
inhibitor approved for the upfront treatment of AML in conjunction
with chemotherapy. Benefit was particularly noted in patients who
went on to undergo HCT.41 A phase 2 study evaluating midostaurin,
a multitarget kinase inhibitor, as post-HCT or postconsolidation
maintenance has reported an encouragingly low relapse rate at
12 months (9.2%).42

The recognition that sorafenib could induce remissions in patients
who had relapsed post-HCT43 led to a phase 1 study of 22 patients
with FLT3-ITD AML receiving sorafenib maintenance therapy after
allo-HCT. Sorafenib was relatively well tolerated. The PFS rate at
1 year was 85%, and the OS rate was 95%.44 A subsequent
analysis compared 26 patients with FLT3-ITD AML treated with
sorafenib maintenance after allo-HCT in CR1 to a cohort of
43 contemporary matched controls with FLT3-ITD AML. The use
of sorafenib was associated with improved PFS (85% vs 52%,
P 5 .0047) and OS (83% vs 58%, P 5 .019) with a significant
decrease in the rate of disease relapse in patients who received
sorafenib (8.2% vs 37.7%, P 5 .0077).45 A trial of peritransplant
sorafenib (given both before and after HCT) in 28 patients with
FLT3-ITD AML in CR1 undergoing HCT has preliminarily reported
only 5 relapses and 6 deaths.46 Another study of 27 patients
reported that 25 of 27 patients received sorafenib post-HCT
remained in remission with a 1-year PFS rate of 92%.47 A number of
other retrospective studies have also reported encouraging results
using sorafenib as maintenance therapy, preemptive therapy, or
therapy for relapsed disease post-allo HCT.48-50 Additional FLT3
TKIs being studied as maintenance after HCT include quizartinib51

and crenolanib.52 A large prospective cooperative group interna-
tional phase 3 placebo-controlled randomized trial is underway to
definitely determine the benefit of administering a FLT3 TKI
(gilteritinib) as maintenance therapy after allo-HCT for patients with
FLT3-ITD AML in CR1 (NCT02997202).

The mechanism of action of TKIs targeting FLT3 may extend
beyond direct tumor cell killing. Reports suggest that sorafenib
may synergize with allogeneic T cells to improve survival in several
murine models. Sorafenib treatment increased interleukin-15
(IL-15) production in leukemic cells, rendering them more
immunogenic. Sorafenib exposure reduced ATF4 (activating
transcription factor 4) expression in leukemic cells. ATF4 is a
negative regulator of IRF-7 (interferon regulatory factor 7)
activation, which in its active form enhances IL-15 transcription.
pIRF-7 levels increased in sorafenib-treated leukemic cells,
suggesting that sorafenib may affect the pIRF-7/IL-15 axis by
reducing ATF4 production.53 It is hoped that the completion of
existing trials and the analysis of correlative samples will help to
elucidate the exact mechanism.

DNA hypomethylating agents

The most common nontargeted pharmacologic approach to
treatment and prevention of relapse after HCT for AML and MDS
has been DNA hypomethylating agents (HMAs). The mechanism of
action of HMAs is uncertain, but they appear to silence tumor-
suppressing genes through epigenetic modification. HMAs may
also induce the GVL response through increased expression of
tumor antigens. The EBMT examined the tolerability and activity of
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azacitidine in 181 patients with MDS or AML who relapsed after
undergoing HCT in which the complete response rate was 15%
with an overall response rate of 25%. The 2-year OS rate was 12%
for the whole population. OS was influenced by a time to relapse
post-transplant of .6 months and the percentage of blasts in the
bone marrow at the time of relapse. The concurrent administration
of DLI did not improve either response rates or OS in patients
treated with azacitidine.54

A phase 1 study of 45 patients established an optimal dosing
schedule for azacitidine maintenance to be 32 mg/m2 IV3 4 cycles
and resulted in a 1-year OS rate of 77%.55 Reversible throm-
bocytopenia was the dose-limiting toxicity. A phase 1 study of
27 patients with AML post-HCT found that azacitidine both
augmented the expansion of regulatory T cells and induced
cytotoxic CD81 T-cell response to several tumor antigens, and led
to hopes that it might help lead to successful cultivation of the
GVL response without inducing significant GVHD.56 The RICAZA
trial assessed maintenance therapy with azacitidine in 51 patients
with AML of whom only 37 patients initiated therapy at a median of
54 days post-HCT. Treatment was well tolerated and did not
induce excessive chronic GVHD (cGVHD). Sixteen patients
relapsed. Induction of a CD81 T-cell response was associated
with a reduced risk of disease relapse and improved relapse-free
survival. It is uncertain whether the azacitidine is responsible for
the induction of CD8 responses.57

A phase 2 National Cancer Institute/Alliance trial (CALGB
100801) tempered enthusiasm a bit. Of 66 enrolled patients,
only 42 were able to initiate maintenance therapy with azacitidine,
with 17 patients completing all 6 planned cycles.58 A randomized
trial to assess the impact of maintenance azacitidine therapy is
near completion (NCT00887068). Decitabine has also been
studied as maintenance therapy following myeloablative allo-HCT;
as expected, many patients experienced hematologic toxicities
during treatment. In one study, the 2-year OS rate was 56%
and the cumulative incidence of relapse was 28%.59 Just as with
targeted TKI therapy, azacitidine is also being explored as pre-
emptive therapy once MRD can be detected but before frank
relapse. The RELAZA trial initiated therapy in patients with CD341

AML whose post-transplant CD341 donor chimerism dropped to
,80%, and found that although this delayed relapse to a median
of 231 days after the decrease in chimerism, most patients
ultimately proceeded to morphological disease relapse.60

Histone deacetylase inhibition

Panobinostat is a potent inhibitor of class 1, 2, and 4 deacetylases
and has shown some antileukemic as well as immunomodulatory
activity. The PANOBEST trial enrolled 42 patients who had
undergone allo-HCT for high-risk AML or MDS. Panobinostat was
initiated a median of 98 days post-HCT. Of 42 patients, 22 (54%)
completed 1 year of therapy with side effects accounting for most
study withdrawals. Still, at 2 years, the cumulative incidence of
relapse was 21% with probabilities for 2-year OS and disease-free
survival rates of 88% and 74%.61 The results are certainly pro-
vocative and likely merit further evaluation.

Immunomodulation with lenalidomide

Lenalidomide, which has an established role in maintenance therapy
after auto-HCT for multiple myeloma, is also being investigated in
the post allo-HCT setting given its immunomodulatory mechanism

of action. In one prospective study of 30 patients given lenalidomide
maintenance at a dose of 10 mg daily after nonmyeloablative HCT
for myeloma as part of first-line treatment, grade 2 or greater acute
GVHD or extensive cGVHD developed in 16 patients (53%) at
a median of 18 days (range, 4 to 217 days) after the start of
lenalidomide.62 The investigators concluded that this approach
was not feasible due to the development of GVHD. In another
trial investigating maintenance therapy following myeloablative
allo-HCT for patients with relapsed/refractory disease after
previous auto-HCT, the major toxicity observed with lenalidomide
maintenance therapy were grade 2 to 4 acute GVHD (28%).63

In a separate multi-institutional trial that enrolled 30 patients with
high-risk myeloma, 12 months of lenalidomide maintenance therapy
following RIC HCT was completed in 37% of patients, with the
majority (91%) at a dose of #10 mg/d.64 The most common
reasons for discontinuation of lenalidomide were acute GVHD
(37%) and disease progression (37%). When lenalidomide
was studied as maintenance therapy post-HCT in 10 patients
with del(5q) MDS or AML, grade 3 to 4 acute GVHD was
observed in 6 patients, further dampening enthusiasm for its use
early after allo-HCT.65

Proteasome inhibition

Like with auto-HCT, there is interest in proteasome inhibition after
allo-HCT treatment for myeloma. A phase 2 trial of bortezomib
maintenance therapy in 16 patients with high-risk myeloma
undergoing RIC HCT found the approach to be feasible with
acceptable rates of GVHD.66 Proteosome inhibition is now formally
being evaluated in BMT Clinical Trials Network trial 1302 in a
double-blind randomized trial of maintenance therapy with the oral
proteasome inhibitor ixazomib or placebo (NCT02440464).

Monoclonal antibodies

As noted above, the use of monoclonal antibodies and antibody-
drug conjugates has been studied extensively after auto-HCT,
however, there is much less experience after allo-HCT. Rituximab
has been evaluated extensively for autoimmune cytopenia and for
cGVHD after allo-HCT with promising results.67,68 A recently
completed Alliance study incorporated rituximab after allo-HCT for
treatment of chronic lymphocytic leukemia (CLL) to both target
residual neoplastic cells and reduce cGVHD (NCT01027000).
Target specificity may also be achieved with the use of antibody-
drug conjugates. Gemtuzumab ozogamicin, an antibody against
CD33 conjugated to the chemotherapy calicheamicin, has been
evaluated as maintenance therapy in conjunction with azacitidine
in a small series with treatment being limited by hematologic
toxicities.69 In addition, there is concern that this and other
conjugates (ie, SGN33a, which is an anti-CD33 antibody conju-
gated to a pyrrolobenzodiazepine dimer) that target CD33 could
contribute to hepatic veno-occlusive disease. Inotuzumab ozaga-
micin targets CD22 and has been approved for relapsed refractory
ALL with activity in patients who relapsed after HCT.70 It too has
been has been associated with veno-occlusive disease in 11% of
patients who did not go on to HCT and up to 22% of patients who
did.71 Blinatumomab, a novel bispecific CD19-directed CD3 T-cell
engager, active in relapsed and refractory ALL, has been used
alone72 or in conjunction with DLI73 after allo-HCT for treatment of
relapsed disease, although no large-scale formal assessment of its
efficacy has been reported.
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Checkpoint inhibition

Immune escape (ie, tumor evasion of the donor immune system)
likely plays a fundamental role in the pathogenesis of relapse after
allo-HCT. Immune escape can be mediated by high levels of
checkpoint receptors such as CTLA-4 and PD-1 on donor-
derived lymphocytes and high expression of cognate ligands on
residual tumor cells. It has been postulated that checkpoint
inhibitors, so effective in many solid tumors and certain lymphomas,
might be ideal agents to test for post-HCT relapse. One study of the
PD-1 blocker pidiluzumab after auto-HCT for diffuse large B-cell
lymphoma suggested excellent tolerability with promising long-term
relapse-free survival, especially in patients who had residual
disease.74 A study using the PD-L1 antibody pembrolizumab in
this setting is underway for patients with diffuse large B-cell
lymphoma, classical Hodgkin lymphoma (HL) and T-cell non-HL
(NCT02362997). For patients who relapse after allo-HCT, there
has been understandable concern that checkpoint inhibition might
lead to uncontrollable immune breakthrough events, specifically
significant GVHD. In murine models, PD-1 blockade has led to an
increase in GVHD,75 whereas selective blockade of CTLA-4 to treat
relapse after allo-HCT demonstrated graft-versus-tumor effects
without inducing GVHD.76

A phase 1 study of a single low dose of ipilimumab (0.1 to 3.0 mg/kg)
for patients who relapsed after allo-HCT did not seem to cause
clinically significant GVHD and achieved responses in 3 patients
with lymphoid malignancies.77 A subsequent phase 1/2 study was
conducted in which patients were to receive 4 doses of ipilimumab
every 3 weeks. Patients with stable disease or better could then
receive maintenance doses every 3 months for a year. Dosing
started at 3 mg/kg but could escalate to 10 mg/kg. Although no
objective responses were seen at 3 mg/kg, 7 of 22 patients at the
10 mg/kg dose responded including 6 CRs and 1 partial remission.
Interestingly, CRs were achieved in 3 of 3 patients with leukemia
cutis. Responders had decreased CD41 regulatory T cells with
increased conventional T cells in peripheral blood as well as an
increase in CD62L2 effector memory T cells. Immunohistochemical
and gene expression profiling revealed an influx of CD81 T cells
expressing perforin in responding leukemia cutis patients. GVHD
responsive to corticosteroids developed in 4 of 28 patients.
Immune-related adverse events typical of ipilimumab were observed
in 6 patients, one of which was fatal. The median time from
transplant to ipilumuab treatment was 675 days, so it is uncertain
what the safety profile would be if administered early post-transplant
as a maintenance strategy.78

Given the success of PD-1 blockade in patients with HL, anti–PD-1
monoclonal antibodies are beginning to be used following allo-
HCT.79 A multicenter retrospective analysis of 31 lymphoma
patients revealed a high response rate (77%). However, GVHD
developed in 17 of 31 patients after a median of 1-2 doses. The
response of GVHD to steroids alone was low, and 8 patients died of
complications due to GVHD.80 A prospective trial of PD1 blockade
for post–allo-HCT with lower doses of nivolumab is underway
(NCT01822509). It would be difficult to recommend the use of PD1
inhibitors outside of the context of a clinical trial.

Novel agents

The recent approval of several agents for blood cancers has led to
interest in testing them in the transplant setting. Ibrutinib recently

been approved for the treatment of cGVHD has demonstrated
activity for the relapse of CLL in the post-HCT setting.81 This has
prompted the initiation of studies to assess the role of ibrutinib as
maintenance therapy after both autologous and allogeneic HCT for
non-HL and CLL, respectively. Enasidenib, an oral selective inhibitor
of isocitrate dehydrogenase 2 (IDH2), was recently approved for
the treatment of relapsed, refractory patients with IDH2 mutation,
which occur in ;12% of patients with AML. In a phase 1/2 study
including 176 relapsed refractory patients, 24 of whom had
relapsed after allo-HCT, the overall response rate was 40.3%.
Responses were associated with blast differentiation without
evidence of aplasia. Nearly 20% of patients attained a CR.82

Further data are needed to assess the safety and efficacy in patients
who have relapsed after HCT. No data are currently available for
enasidinb as a maintenance strategy, but data will likely be
forthcoming in the next few years. Venetoclax, a highly selective,
oral small-molecule BCL2 inhibitor approved for CLL has been
studied in AML with a reported response rate of 19%, including
patients with high-risk molecular features.83 Anecdotal data exist as
to its activity post-HCT. Again, formal safety assessments are
necessary before these can be incorporated into treatment or
maintenance strategies for post-HCT relapse.

Personalized approach to post-HCT relapse

No simple algorithm or single approach can be adopted to address
relapse after transplantation. Unfortunately, there are no mature
randomized trials to provide guidance, and indeed evidence from
phase 2 trials is not clear cut. Consideration must be given to
disease histology, the presence of targetable mutations, pro-
liferative thrust of the malignancy, the post-transplant interval, the
presence of GVHD, concurrent immune suppression medications,
and patient performance status. In general, a reasonable first step
would be withdrawal of immune suppression, particularly if the
relapse is relatively indolent. Responses to immune suppression
withdrawal are almost always associated with the development of
GVHD, which can be severe so patients must be monitored
carefully. If there is no response or patients are not receiving
immune suppression therapy at relapse or if there is aggressive
recurrence, then disease-specific, hopefully mutation-directed,
therapy should be initiated such as with BCR-ABL, FLT3-ITD, or
now even IDH2 inhibitors. Alternatively, antigen-directed therapy
with blinatumumab for CD191 ALL, inotuzumab for CD22 ALL, or
gemtuzumab for CD33 AML all are reasonable options, though they
carry the potential of substantial toxicity.

Immune stimulation with agents such as lenolidamide or immune
checkpoint inhibitors must be considered investigational at this
juncture, and their use should ideally be confined to clinical trials. It
is important for the transplant community to expeditiously design,
conduct, and report results on trials of checkpoint inhibitors so that
their use can be safely incorporated.

Lacking a specific mutational target, it is not unreasonable to return
to agents with demonstrated disease activity such as those in
lymphoma, CLL, and myeloma. For diseases like AML and MDS,
HMAs hold the promise of upregulating neoantigens, exposing
blasts to immune attack. Standard chemotherapy can also be used
here, though response rates are ,50% and toxicity can be high. If
indeed there is success in inducing complete or near CRs with any
of the above maneuvers, the next logical question is: What’s next:
ongoing maintenance, observation, DLI, or second transplant?
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Again, there is no clear answer. In general, if remission after
chemotherapy is associated with the development of GVHD, then
there may be limited benefit (and possibly harm) in consolidating
with some form of cellular therapy. However, for patients in whom
remission has been achieved without GVHD, either DLI or second
transplant can be recommended.

Perhaps more important than treating relapse is preventing it. Here
again, we are limited by a lack of definitive data other than anecdotal
or phase 2 experience with TKIs for BCR-ABL and FLT3-ITD–related
diseases. Although conventional interventions like histone deacety-
lase inhibitors or HMAs have gained popularity, there remains no
convincing evidence that they by themselves are helpful and certainly
can induce some morbidity. Particularly for maintenance strategies,
prospective randomized studies need to be conducted.

Last, a critical treatment choice for patients who relapse post-HCT
is that of supportive care alone without disease-directed therapy.
Providers must have frank discussions with patients and their
families about the prospects for success so that they can make
informed decisions. These decisions may include earlier referral to
hospice programs when appropriate.84

Conclusions

The transplant community needs to continue its commitment to
discover new approaches to preventing and treating relapse

post-HCT. We must discard the notion that allo-HCT by itself is
definitive therapy and must work with colleagues development of
disease-specific therapy to take advantage of advances in drug
development to design synergistic or additive strategies. We
must understand better through tumor genomic profiling who is at the
greatest risk to relapse and must work to determine how to select
donors with heightened reactivity against a tumor in a specific host.
We must also convince pharmaceutical companies to engage with
the transplant community to test novel agents earlier in the develop-
ment cycle to best understand how they might be successfully applied
to improve the outcome of the transplant recipient.

Authorship

Contribution: R.J.S. and Y.-B.C. wrote the article.

Conflict-of-interest disclosure: R.J.S. has consulted for
Sandoz, Juno, and Kiadis. Y.-B.C. has consulted for Takeda,
Magenta, Incyte, and Jazz. Off-label drug use: Multiple drugs for
the prevention or treatment of relapse post-transplant including
tyrosine kinase inhibitors directed at BCR-ABL and FLT3, hypo-
methylating agents, checkpoint inhibitors, and lenalidomide are
discussed. There are no approved agents for such use.

Correspondence: Robert J. Soiffer, Dana FarberCancer Institute,
450 Brookline Ave, Boston, MA 02215; e-mail: robert_soiffer@dfci.
harvard.edu.

References

1. Wingard JR, Majhail NS, Brazauskas R, et al. Long-term survival and late deaths after allogeneic hematopoietic cell transplantation. J Clin Oncol. 2011;
29(16):2230-2239.

2. Thanarajasingam G, Kim HT, Cutler C, et al. Outcome and prognostic factors for patients who relapse after allogeneic hematopoietic stem cell
transplantation. Biol Blood Marrow Transplant. 2013;19(12):1713-1718.

3. Kekre N, Kim HT, Thanarajasingam G, et al. Efficacy of immune suppression tapering in treating relapse after reduced intensity allogeneic stem cell
transplantation. Haematologica. 2015;100(9):1222-1227.

4. Armand P, Kim HT, Zhang MJ, et al. Classifying cytogenetics in patients with acute myelogenous leukemia in complete remission undergoing
allogeneic transplantation: a Center for International Blood and Marrow Transplant Research study. Biol Blood Marrow Transplant. 2012;18(2):
280-288.

5. Armand P, Kim HT, Logan BR, et al. Validation and refinement of the Disease Risk Index for allogeneic stem cell transplantation. Blood. 2014;123(23):
3664-3671.

6. Lindsley RC, Saber W, Mar BG, et al. Prognostic mutations in myelodysplastic syndrome after stem-cell transplantation. N Engl J Med. 2017;376(6):
536-547.
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