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A
llogeneic hematopoietic-cell transplantation 
(HCT) is typically reserved for malignant 
hematologic diseases that are associated 

with high-risks for relapse following conventional 
chemotherapy. In these high-risk patients, the 
expectation is that the conditioning regimen chem-
otherapy and/or radiation therapy along with the 
alloreactive graft-versus-tumor (GVT) effect will 
lead to long-term remissions and a potential cure. 
However, up to half of all allogeneic HCT recipi-
ents do not benefit from this aggressive treatment 
approach and can relapse after HCT. Although 
advances in transplantation technology and sup-
portive care practices have led to continuing 
improvements in survival over time, these improve-
ments have largely been the result of reduced risks 
of early and late treatment related mortality (TRM) 
(1,2). Risks of relapse have not changed substan-
tially and relapse continues to be the main cause 
of death early post-transplantation and among the 
important causes of death among long-term survi-
vors (1-3). Maintenance therapy after transplanta-
tion is an attractive strategy that is under consid-
eration to reduce the risks of relapse among alloge-
neic HCT recipients. This paper reviews the general 
risk factors for relapse, monitoring for relapse and 
the rationale and prevalent understanding of main-
tenance therapy after allogeneic HCT. 

Risk factors for relapse

 Patients with unacceptably high risks of 
relapse are obvious candidates for post-transplan-
tation maintenance therapy. Such patients have 

to be ideally identified prior to transplantation or 
early post-transplantation. Disease and disease 
stage are the strongest predictors for relapse. The 
GVT response has been observed to be most potent 
in patients with chronic myeloid leukemia (CML), 
moderately effective among patients with low grade 
lymphoid malignancies, and although present, is 
not as robust in patients with other diseases. Addi-
tionally, this effect is also dependent upon disease 
stage and disease bulk at transplantation. Patients 
with early stage disease (e.g. CML chronic phase 
versus accelerated or blast phase) and minimal dis-
ease (e.g. acute myeloid leukemia [AML] in complete 
remission instead of relapsed or refractory disease) 
have a lower probability of relapse. Disease-specific 
prognostic factors, which often are the basis for con-
sidering transplantation as a therapeutic option in 
the first place, are also associated with an increased 
risk of relapse after HCT (e.g., Philadelphia chromo-
some positive acute lymphoblastic leukemia [ALL] 
or AML and myelodysplastic syndromes [MDS] with 
poor-risk cytogenetic abnormalities). Transplant 
related factors such as graft source, graft manipula-
tion (e.g., T-cell depletion) and conditioning regimen 
intensity can also affect the risk of relapse after 
transplantation.

Monitoring for relapse after allogeneic 
transplantation

Another consideration for maintenance therapy 
is ability to detect minimal residual disease (MRD). 
Patients with high burden of MRD pre-transplanta-
tion can be candidates for maintenance therapy and 
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monitoring for MRD would have important implica-
tions for initiating or discontinuing maintenance 
therapy post-transplantation. One of the major chal-
lenges to monitoring for MRD is the lack of stand-
ardized approaches. Depending on the underlying 
disease, methods for disease monitoring can be less 
sensitive techniques such as chromosome banding 
or fluorescent in-situ hybridization (FISH) analysis or 
highly sensitive techniques such as multiparameter 
flow cytometry and molecular methods for disease 
detection (e.g., polymerase chain reaction [PCR]) (4). 

Maintenance therapy after allogeneic HCT

Although the rationale of using drug therapy 
to maintain a minimal residual disease status 
in order to give an advantage to the GVT effect 
is attractive, data supporting this approach are 
lacking and it needs to be explored in prospec-
tive clinical trials. Examples of drugs that war-
rant investigation as prophylactic therapy include 
targeted agents such as tyrosine kinase inhibitors 
(e.g. imatinib, dasatinib and nilotinib) for CML 
and Philadelphia chromosome positive ALL and 
FLT-3 inhibitors (e.g. lestaurtinib) for FLT3 inter-
nal tandem duplication mutation positive AML 
and non-targeted agents such as immunomodula-
tory drugs (e.g. lenalidomide) and bortezomib for 
high-risk multiple myeloma and hypomethylating 
agents (e.g., decitabine and azacytidine) and his-
tone deacetylase inhibitors (e.g., vorinostat) for 
AML and MDS (Table 1). Monoclonal antibodies 
such as rituximab are attractive candidates for 
maintenance therapy for non-Hodgkin’s lymphoma 
and chronic lymphocytic leukemia. Several clinical 
trials are evaluating the role of a variety of phar-
macologic maintenance therapy approaches. Many 
agents have immunomodulatory properties and 
can impact the risks of graft-versus-host disease 
(GVHD). For example, a recent trial reported from 
the HOVON group showed a high incidence of 
acute GVHD among patients receiving lenalido-
mide maintenance after non-myeloablative HCT for 
multiple myeloma (5). Cellular therapies such as 
the use of donor lymphocyte infusions or admin-
istration of natural killer cells after allogeneic HCT 
are examples of non-pharmacologic approaches 
under investigation to prevent relapse. 

Maintenance therapy after allogeneic HCT: 
Future research

Current understanding of the role of mainte-
nance therapy among allogeneic HCT recipients 
is very limited. Efficacy of such therapy has to be 

balanced with its costs and toxicity. Clinical trials 
are ongoing and more trials are needed to better 
address a number of unanswered issues (Table 2). 
First, robust disease specific models are needed 
to better identify patients who are at high-risk for 
relapse post-transplant and would benefit the most 
from maintenance therapy. Secondly, the best time 
to initiate maintenance therapy and its duration 
needs to be better defined. Better and standardized 
methods to detect and monitor MRD are important 
components of preventive therapy using pharmaco-
logic agents. The toxicity of these agents, including 
myelosuppression and impact on risks and severity 
of GVHD also needs to be evaluated. Many alloge-
neic HCT recipients receive prolonged therapy to 
prevent or treat infections and GVHD and drug-
drug interactions with agents used for maintenance 
therapy will need to be studied. Finally, the majority 
of agents being explored for maintenance therapies 
are expensive and costs and cost-effectiveness of 
these drugs will need to be investigated. 

Table 1. Representative examples of agents that can be considered for further 

investigation as maintenance therapy after allogeneic transplantation

Disease Agent

Non-targeted agents

AML Decitabine, 5-azacytidine, vorinostat

MDS Decitabine, 5-azacytidine, lenalidomide

Mutliple myeloma Thalidomide, lenalidomide, bortezomib

NHL Bortezomib

Targeted agents

ALL (Ph+) Imatinib, dasatinib, nilotinib

AML (FLT3+) Lestaurtinib

CLL Rituximab, alemtuzumab

CML Imatinib, dasatinib, nilotinib

Myelofibrosis JAK2 inhibitors

NHL Rituximab, alemtuzumab

ALL, acute lymphoblastic leukemia; AML, acute myeloid leumkeima; CLL, chronic 

lymphocytic leukemia; CML, chronic myeloid leukemia; CML, chronic myeloid leukemia; MDS, 

myelodysplastic syndrome; NHL, non-Hodgkin’s lymphoma

Table 2. Issues to consider and areas for future research regarding 

maintenance therapy following allogeneic hematopoietic cell transplantation.

Models to identify pre-transplantation or early post-transplantation patients at high risk for relapse 

Standardized methods for evaluating and measuring minimal residual disease

Duration of maintenance therapy 

Costs and cost-effectiveness of maintenance therapy

Short-term and long-term toxicity associated with maintenance therapy

Drug-drug interactions and impact of maintenance therapy on immue-recovery and 

graft-versus-tumor effect
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