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A B S T R A C T

Allogeneic hematopoietic stem cell transplantation (HSCT) has the potential for providing a cure
for several hematologic malignancies. Although in most circumstances, allogeneic HSCT is pre-
ceded by disease-directed or cytoreductive therapy, it is unclear if these toxic conditioning re-
gimens can be circumvented. This review summarizes evidence that will provide insights into
factors that influence outcomes in allogeneic HSCT and whether this curative therapy could be
used right at diagnosis.

Introduction

Hematopoietic stem cell transplantation (HSCT) is widely performed for the treatment of lymphoma, leukemia, and myelodys-
plastic and myeloproliferative syndromes. Most patients generally receive intensive myeloablative therapy before HSCT, which is
followed by a stem cell “rescue.” In allogeneic HSCT, human leukocyte antigen (HLA)-matched stem cells derived from a donor are
transplanted into myeloablated patients or recipients which have the ability to self-renew and differentiate into functional progeny of
various specialized cells. For the HSCT to be successful, the transplanted stem cells need to engraft in the appropriate micro-
environment and bone marrow niches of the recipient. In addition, an optimal amount of stem cells, facilitator cells, adequate
homing, ABO compatibility, low immune suppression in the donor, certain genetic factors, and proper storage, are necessary to
achieve desired outcomes for allogeneic HSCT. Similarly, recipients of allogeneic HSCT need to be adequately prepared and factors
such as adequate immune suppression, HLA matching, disease status, microbiome and optimal stromal support, can influence out-
comes [1]. Indeed, for most hematologic malignancies, allogeneic HSCT is only considered based on a risk–benefit ratio, beyond first
remission, and after failure of initial therapy. For instance, among patients with favorable-risk acute myeloid leukemia (AML),
pediatric acute lymphoproliferative leukemia (ALL), standard-risk adult ALL, and other lymphoproliferative diseases (Hodgkin
lymphoma, non-Hodgkin lymphoma), allogeneic HSCT is provided after disease-directed therapy. On the other hand, in certain
situations or conditions, patients sometimes directly undergo HSCT without any disease-directed therapy. These situations are usually
where transplantation is serving primarily as a means to correct normal hematopoiesis or immune function, conditions or diseases
that have no effective therapies, and malignancies whose cure with transplantation is primarily dependent on graft-versus-leukemia
effects. The examples of diseases/conditions sometimes transplanted without any disease-directed therapy are hemoglobinopathies,
immune deficiencies, metabolic disorders, aplastic anemia, low-grade lymphomas, myelodysplasia, and certain myeloproliferative

https://doi.org/10.1016/j.beha.2019.101108

E-mail address: nelson.chao@duke.edu.

Best Practice & Research Clinical Haematology 32 (2019) 101108

1521-6926/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/15216926
https://www.elsevier.com/locate/issn/15216926
https://doi.org/10.1016/j.beha.2019.101108
https://doi.org/10.1016/j.beha.2019.101108
mailto:nelson.chao@duke.edu
https://doi.org/10.1016/j.beha.2019.101108
http://crossmark.crossref.org/dialog/?doi=10.1016/j.beha.2019.101108&domain=pdf


neoplasms. This paper examines evidence to determine whether allogeneic HSCT can be performed successfully among patients with
leukemia at diagnosis or before pretransplant disease-directed therapy.

Factors influencing HSCT outcomes in leukemia

It is well-known that low disease burden during allogeneic HSCT correlates with better outcomes. Notably, patients in complete
remission are more likely to have favorable outcomes as compared with those in partial remission or progressive disease [2]. A
retrospective study that examined patients with AML who underwent allogeneic HSCT showed that the absence of minimal residual
disease (MRD) during transplantation was associated with improved survival and lower incidence of relapse. Importantly, lower
survival and higher relapse rates were reported among patients who were MRD-positive and among those who had active disease
during allogeneic HSCT [3]. Since high intensity myeloablative conditioning regimens before allogeneic HSCT in AML are known to
cause considerable toxicity and increased treatment-related mortality, reduced intensity conditioning regimens have been developed
and studied among patients with AML. The BMT CTN 0901 study compared outcomes among patients with AML or myelodysplastic
syndromes (MDS) who received either myeloablative conditioning or reduced intensity conditioning regimens before allogeneic
HSCT. As shown in Table 1, while overall survival was higher among patients receiving myeloablative conditioning, significantly
high relapse rates were reported for patients who received reduced intensity conditioning. In addition, although reduced intensity
conditioning was associated with lower treatment-related mortality, myeloablative conditioning provided a statistically significant
advantage for relapse-free survival [4]. Given these two studies, Walter et al. determined the impact of a preparative regimen in
influencing outcomes among patients based on MRD status. In this study, MRD positivity, irrespective of the intensity of the con-
ditioning regimen correlated with an increased incidence of relapse, thereby confirming the negative impact of MRD on relapse risk
in allogeneic HSCT (Fig. 1) [5]. However, only mutations in the RAS pathway have been shown to correlate with an increased
probability of relapse among patients who received reduced intensity conditioning as compared to those who received myeloablative
conditioning regimens [6]. Taken together, these studies indicate that MRD status remains the single-most predictive criterion for
influencing outcomes in allogeneic HSCT in leukemia.

Factors influencing HSCT outcomes in MDS and myelofibrosis

As is the case among patients with leukemia, transplantation outcomes in MDS are better among patients who have a lower

Table 1
Impact of conditioning intensity on transplant outcome for AML/MDS [4].

Conditioning regimen Overall Survival Relapse Relapse-free survival TRM

Myeloablative 77.5% 13.5% 67.8% 15.8%
Reduced intensity 67.7% 48.3% 47.3% 4.4%
P value .002

Survival, relapse, relapse-free survival (probability), and transplant-related mortality at 18 months. There was more graft-versus-host disease with
myeloablative conditioning.

Fig. 1. Impact of preparative regimen on outcome of MRD- and MRD + patients [5].
Panel on the right (relapse) suggests dose intensity does not compensate for MRD.
Dark black solid line=myeloablative conditioning MRD-negative.
Medium black solid line= non-myeloablative condition MRD-negative.
Dark black dashed line=myeloablative conditioning MRD-positive.
Medium black dashed line – nonmyeloablative condition MRD-positive.
Reprinted by permission from SpringerNature: Leukemia, Comparison of minimal residual disease as outcome predictor for AML patients in first
complete remission undergoing myeloablative or nonmyeloablative allogeneic hematopoietic cell transplantation. Walter RB, Gyurkocza B, Storer
BE, Godwin CD, Pagel JM, Buckley SA, et al. © 2015.
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pretransplant disease burden. Similarly, improved relapse-free survival and lower relapse rates have been reported for patients with
either a complete remission or< 5% blasts compared to those with 5%–20% blasts [7]. On the other hand, high-risk category, as
defined by the revised International Prognostic Scoring System, has been associated with a lower overall survival rate and a key factor
in predicting transplantation failure in MDS [8]. A previous Japanese study reported that complete remission with induction che-
motherapy and no chemotherapy led to similar outcomes, but a lack of response to chemotherapy was associated with poorer survival
among patients with advanced MDS after allogeneic HSCT [9]. Notably, in MDS, no significant differences have been observed in
allogeneic HSCT outcomes with or without hypomethylating therapy before transplantation and between induction chemotherapy
versus hypomethylating therapy before allogeneic HSCT [10,11]. Among patients with myelofibrosis, those who responded to JAK1/
2 inhibitors were associated with improved overall survival as compared to those who were nonresponders to JAK1/2 inhibitor
therapy before allogeneic HSCT; however, the evidence is not statistically significant [12]. Based on these studies, the appropriate
pretransplantation disease-directed therapy or regimen remains uncertain for MDS and myelofibrosis. An important consideration for
allogeneic HSCT in MDS is the availability of a donor and risks versus benefits of hypomethylating therapy pretransplantation.

Is HSCT doable without conditioning?

To determine whether allogeneic HSCT can be performed at diagnosis, clinical trials that compare upfront HSCT versus pre-
transplant therapy followed by HSCT need to be carried out. Such studies, however, can never be executed and hence the answer may
not be clearly determined. Recent studies using microtransplantation suggest that transplantation could be successful without con-
ditioning or preparative regimens [13]. Microtransplantation involves no conditioning other than using granulocyte colony-stimu-
lating factor–mobilized haploidentical peripheral blood progenitor cells which are infused after three consecutive cycles of high-dose
cytarabine consolidation therapy for patients with AML in first complete remission. This novel transplantation technique was also
associated with improved leukemia-free and overall survival (Table 2) [14]. Additional trials to further investigate this approach are
ongoing and eagerly anticipated [15].

Conclusions

Currently, there are no established scenarios in AML to proceed to allogeneic HSCT without cytotoxic or targeted therapy.
Although lower disease burden or MRD negativity is known to predict improved survival and decreased relapse rates post-HSCT in
AML, no such convincing factors have been identified for influencing transplant outcomes in MDS or myelofibrosis. Ongoing studies
on microtransplantation may shed further light on the issue of HSCT without disease-directed therapy.
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