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The implementation of high-dose posttransplantation cyclophosphamide (PTCy) has made HLA-haploidentical (haplo) blood or
marrow transplantation (BMT) a cost effective and safe alternative donor transplantation technique, resulting in its increasing
utilization over the last decade. We review the available retrospective comparisons of haplo BMT with PTCy and HLA-matched
BMT in adults with hematologic malignancies. The examined studies demonstrate no difference between haplo BMT with PTCy
and HLA-matched BMT with regard to acute graft-versus-host disease (aGVHD), nonrelapse mortality, and overall survival.
Chronic GVHD occurred less frequently after haplo BMT with PTCy compared with HLA-matched BMT utilizing standard GVHD
prophylaxis. In addition, patients with a high risk of relapse by the disease risk index had a suggestion of improved progression-free
and overall survival after haplo BMT with PTCy when compared with a historical cohort of HLA-matched BMT in one analysis.
Furthermore, in Hodgkin lymphoma relapse and progression-free survival were improved in the haplo BMT with PTCy compared
with the HLA-matched BMT cohort. These findings support the use of this transplantation platform when HLA-matched related
donors (MRDs) are unavailable and suggest that clinical scenarios exist in which haplo BMT may be preferred to HLA-matched

BMT, which warrant further investigation.

1. Introduction

HLA-haploidentical (haplo) blood or marrow stem cell trans-
plantation (BMT) has historically been limited by unac-
ceptable rates of graft-versus-host disease (GVHD), graft
failure, and nonrelapse mortality (NRM). However, modern
transplant techniques, specifically the use of high-dose post-
transplantation cyclophosphamide (PTCy) on days +3 and
+4, have remarkably reduced GVHD and led to the increasing
utilization of haplo donors. The feasibility of haplo BMT has
dramatically expanded the donor pool, making allogeneic
transplantation available for the vast majority of patients.
While clinical trials revealed the safety of the haplo approach
with a I-year NRM of 7% after haplo BMT and a 24% NRM
after double umbilical cord blood transplantation (dUCB),
the 1-year relapse rates of 45% and 31%, respectively [1], led

to concern that haplo BMT with PTCy was associated with
a high risk of relapse. However, the inflated rate may be
more apparent than real, as the observed lower incidence
of NRM puts a greater pool of patients at risk of relapse.
The ease of application, the reduced cost, and the ready
availability of haplo donors have led to the widespread
adoption of haplo BMT with PTCy as an alternative donor
approach. With its expanded use, an increasing number of
retrospective studies (Table 1) have been published showing
the safety and efficacy of this transplant platform in adults
with hematologic malignancies (two of the examined studies
contained a small number of adolescent patients) [2, 3]. We
review the available publications that compare haplo BMT
with PTCy and HLA-matched BMT in an effort to under-
stand the role of haplo BMT and the prioritization of graft

type.
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2. Graft-versus-Host Disease and
Immunosuppression Discontinuation

The majority of the reviewed studies showed that the inci-
dence of acute (a) GVHD was either similar [2, 4, 5] or
significantly lower after haplo BMT with PTCy (p < 0.001)
(3, 6] compared with HLA-matched BMT. The cumulative
incidence of grades II-IV aGVHD ranged from 24 to 50%
after HLA-matched related donor (MRD), 19% to 50% after
HLA-matched unrelated donor (MUD), and 14% to 43% after
haplo BMT [2-7]. Grades ITI-IV aGVHD rates were similarly
low after MRD, MUD, and haplo BMT, ranging from 4 to 8%,
4 to 13%, and 0 to 11%, respectively [4-6].

The incidence of chronic (¢) GVHD was either signif-
icantly lower [5, 7] or tended towards being lower [2-4,
6] after haplo compared with HLA-matched donor BMT.
Cumulative incidences of moderate or severe cGVHD were
29%, 22%, and 15% (p = 0.053) [3], and extensive cGVHD
were 54%, 54%, and 38% (p < 0.05) [5] for MRD, MUD,
and haplo BMT with PTCy, respectively. When transplants
only using BM grafts were compared in one analysis, there
was no difference in ¢cGHVD rates after MUD and haplo
BMT using either myeloablative (MAC) or reduced intensity
conditioning (RIC) [6]. However, in another study, when
only transplants using peripheral blood stem cell (PBSC)
grafts were compared, the 2-year incidence of moderate-
severe cGVHD was 45% after MRD, 48% after MUD, and
25% after haplo (p = 0.01 for haplo compared with MRD
and p = 0.002 for haplo versus MUD) [7]. In keeping with
the finding of reduced cGVHD, haplo BMT patients were
also more likely to discontinue immunosuppression in both
univariable analysis at 1 year (81% compared with 55% in the
MRD patients (p < 0.001)) [3] and multivariable analysis
(p = 0.04, p < 0.001) [2, 7], in the studies that examined
this outcome.

3. Immune Reconstitution and Infection

While haplo patients were more likely to have received
bone marrow (BM) grafts, which have been associated with
engraftment delays [8, 9], neutrophil recovery was similar
after haplo BMT with PTCy and HLA-matched BMT. There
were low rates of graft failure and time to neutrophil engraft-
ment was similar (18 days in both) [3] or slightly delayed
(18 compared with 13 days [4] or 16 compared with 14 [7])
after haplo BMT with PTCy and HLA-matched BMT. In
one study, neutrophil recovery was no different after RIC
MUD and RIC haplo BMT; however, Day 30 neutrophil
recovery was 97% after MAC MUD compared with 90% after
MAC haplo BMT, respectively (p = 0.02) [6]. Bashey et al.
compared neutrophil and platelet engraftment among haplo
BMT patients who received either PBSC grafts or BM grafts
and found no difference in time to recovery by graft source
(16 days to neutrophil engraftment and 26 days to platelet
engraftment in both groups) [7]. Immune reconstitution was
different at early time points after HLA-matched and haplo
BMT, with a decrease in CD3" and natural killer (NK) cell
counts at Day 30 [4] and CD4" counts at Day 50 [3] in the
haplo cohort. However, there were no differences in CD4",

CD3", or NK cell counts after these early time points. CD20"
cell counts were similar across transplantation techniques at
all time points examined [4].

There was either a trend to an increase [4] or a significant
increase [3] in cytomegalovirus (CMV) reactivation after
haplo BMT with PTCy compared with MRD and MUD BMT.
CMYV reactivation rates ranged from 48 to 58%, 54 to 60%,
and 71 to 74% after MRD, MUD, and haplo BMT, respectively.
Epstein-Barr virus reactivation was either similar with no
cases [4] or higher after haplo at 10% compared with 2%
after MRD [3]. However, there were no deaths due to post-
transplantation lymphoproliferative disease in either cohort
of these studies [3, 4].

4. Nonrelapse Mortality

Nonrelapse mortality (NRM) was either not significantly
different [3-5, 7, 10] or significantly lower (p = 0.02) [2]
after haplo compared with MRD BMT. NRM at 1 year ranged
from 6% to 24% for MRD, 10% to 35% for MUD, and 4%
to 24% for haplo BMT with PTCy (Table 2) [4, 5, 10, 11].
Importantly, NRM was comparable across graft types when
conditioning intensity was either similar [3, 5, 6] or more
intense [4] for patients undergoing haplo allografting with
PTCy. In an analysis that included five graft sources, haplo,
MRD, and MUD BMT had equivalent NRM; however, dUCB
and HLA-mismatched unrelated donor (mmUD) BMT were
both associated with higher NRM [3].

5. Relapse

When examining outcomes for patients with any hematologic
malignancy diagnosis who underwent MRD, MUD, or haplo
BMT there was no difference in relapse incidence between the
graft types [3, 5, 7]. This was notable given the less frequent
use of MAC [5, 7] and PBSC grafts [3, 5, 7] and/or the
evidence of more advanced disease [3] in the haplo compared
with MRD or MUD BMT cohorts in these studies. Raiola
et al. also examined outcomes by disease status and showed
a tendency towards less relapse in patients with early phase
disease (first or second complete remission) after haplo BMT
with PTCy at 18% compared with 36% after MRD BMT (p =
0.09), with no difference in relapse incidence for patients
beyond second complete remission (p = 0.60) [3].

Several studies looked at disease specific outcomes.
An analysis of acute myelogenous leukemia (AML) and
myelodysplastic syndrome (MDS) patients that utilized sim-
ilar conditioning platforms across graft types found that the
relapse rate was not significantly different after MRD, MUD,
or haplo BMT at 28%, 23%, and 33% (p = 0.75) [4]. In
AML, 3-year relapse risks after MAC MUD and MAC haplo
were similar, but rates were lower aftter NMA MUD compared
with NMA haplo BMT. The difference in the NMA cohorts
may in part be explained by the longer time from diagnosis
to transplantation, poorer performance status scores, and
higher proportion of patients transplanted beyond first com-
plete remission (despite no difference in disease risk index
between the groups) in the haplo BMT compared with the
MUD cohort [6]. Patients with peripheral T-cell lymphoma



Advances in Hematology

“uorjedTUNWWod [euosiad FIOg Hg AM[ [rews Inyisu] 190ue)) 19qIe -eue(] PUBWIY
WOIJ PIAIGIAI PUE PIJL[NGE) SI9M SIWOINO ISOYM [Z]] 110Y0d APNIs XopuT ysLI aseasIp [eurdLio oY) woiy uonejue|dsuer) [[99 wals paydlew-yTH pue Suruonipuod Aisuajur paonpai jo sjuardioal 19 uo paseq e1e(,
*£80[0ouQ [edTUID JO [PUINO[ :0D[ ‘Aep :(] ‘UonjejUR[dSULI) MOLIEW PUE POO[q
Jo £S0[01q : LN Xopul ysi1 aseastp £q ystx ySry L1094 10 Y81y :yS1y Xopur YSLI aseasTp £q MSLI JBIPIULIDIUI :JU] XIPUI YSLI ISLISIP £q MSLI MO[ :MO[ 8L 11K {[BAIAINS [[BISAO i EAIAINS J2TJ-ISLISIP G (] eAIAINS
2a13-uorssar3o1d :g,q {IOUOP paje[arun pPaYdIEW-YTH NN FOUOP paje[ar paydlew-yTH ‘(YN ‘PoYdIew-yTH :paypyews eonuaprofdey (-yTH) -usSnue a3£o03na] wewny :ofdey Aypeirowr asdeforuou AN

(%85/%€S) %8S 147 (%6T/%ET) 9%]IG 1L T (%£9/%95) %0¥ 1A T (%8/%17) %6 14T [z] 800Z LNGG Te 32 sySnoimng
%8¢ AN %¥e€ AT %9 AN %8 A [01] €107 .LINGY T 3° Anjeuey]
(%L7/%9€) %0€ A € (%ET/%87) %€ IAT (%S€/%07) %¥T AT [¥] ¥10C LINGG Te 32 Isels I
(%£9/%92) %¥9 147 (%TS/%ES) %09 14 Z (%F€/%¥€) %¢€ KT (%01/%01) %¥ 141 [s] €102 OO/ e 32 Layseg
(%E7/%S¥) %S A ¥ (%9€/%TE) %¢h KT (%ET/%0%) %S¢ (%€€/%¥7) %81 :0001d (€] ¥107 TINGG T8 19 BloTey
(%6S/%2L) 9%LS AT (%05/%95) %¥S 1A T (%¥€/%0€) %67 AT (%91/%¥1) %/.1 14T [£] s10T LINGG Te 32 4oyseg
%Y %9 14 € %Y %8S 14 € %91 %9 141
O DT DT .
%08 %sh A € %6¢ %P Ik ¢ %P1 %1 AT [9] s10z poolg "[e 12 Barm)
DVIN DVIN DVIN
%ST %L€ YSIH %G1 %ST YSIH %9 “YSTH
%LY %6¥ U] %1€ %6€ U] 9%8% U]
%0L %EL 1MOT %99 %89 ‘MO %0T MO [11] s10Z Poorg e 12 ApmO21Y
%06 14 € %0¥ 14 € %9% 14 ¢ %11 “IA T
(ANW/TIN) ordeps (ANW/AIN) ordery (ANW/TIN) ordeps (ANW/@IN) ordeps
paydIeN PaydIeN payoIeN payoIeIN Apmig
SO S 40 sdd asdepay AN

*SOUI00INO [RATAING :7 TIAV],



Advances in Hematology

also had equivalent 1-year cumulative incidence of relapse
after MAC MRD at 38% compared with 34% after NMA haplo
BMT [10], which is notable given the decreased conditioning
intensity in the haplo BMT with PTCy cohort. Notably, in
a study of Hodgkin lymphoma, the occurrence of relapse
or progressive disease was significantly lower after haplo
BMT with PTCy at 40% compared with 56% (p = 0.01)
and 63% (p = 0.03) after MRD and MUD, respectively
[2].

6. Progression-Free and Overall Survival

Progression-free survival (PFS) and disease-free survival
(DFS) were similar after both haplo and HLA-matched BMT
in the studies that included either a variety of hematologic
malignancies [3, 5, 7, 11] or AML and MDS [4] ranging from
30 to 40% at 3 years [4, 11]. One analysis looked at PFS by
disease risk index (DRI) [12] and found that patients with
low-risk and intermediate-risk disease had similar PES after
haplo BMT with PTCy and HLA-matched BMT at 65% and
66%, and 39% and 31%, respectively. There was, however, a
suggestion of improved outcomes in patients with high or
very high-risk disease after haplo BMT with a 3-year PFS
of 25% compared with 15% in the HLA-matched setting
[11]. In another report, early phase disease was associated
with a tendency towards improved DFS at 60% after haplo
compared with 38% for MRD, 25% for MUD, 40% for
mmUD, and 38% for UCB BMT (p = 0.10) [3]. For advanced
phase disease, DFS was no different at 32% for haplo, 22%
for MRD, 39% for MUD, 18% for mmUD, and 28% for UCB
transplantation (p = 0.60).

In Hodgkin lymphoma an improvement in PFS was seen
after haplo at 51% compared with 23% and 29% after MRD
(p = 0.0008) and MUD (p = 0.03) BMT, respectively [2]. In
peripheral T-cell lymphoma, despite the higher median age
in the haplo cohort (59 years compared with 46 years), there
was no difference in PFS after MRD BMT and haplo BMT
with PTCy [10].

Overall survival (OS) was not significantly different in
the majority of the analyses and ranged from 53 to 76% after
MRD, 58 to 67% after MUD, and 58 to 64% after haplo BMT
at 2 years (Table 2) [2, 5]. Three-year OS by DRI was 70%
and 73% for low-risk patients, 47% and 49% for intermediate-
risk patients, and 25% and 37% for high or very high-risk
patients, after HLA-matched and haplo BMT, respectively.
In a comparison of haplo, MRD, MUD, mmUD, and UCB
transplantation, there was no difference in 4-year actuarial
survival at 53%, 45%, 43%, 40%, and 34% (p = 0.10),
respectively. However, UCB BMT had inferior survival in
multivariable analysis (p = 0.03), with haplo and MRD
having similar survival (p = 0.80) [3]. Finally, 4-year OS
in advanced disease by BMT platform was 47%, 30%, 31%,
20%, and 27%, after haplo, MRD, MUD, mmUD, and UCB
transplantation, respectively (p = 0.20) [3].

7. Discussion

PTCy has decreased the incidence of GVHD, graft fail-
ure, and NRM associated with haplo BMT and led to its

increasing adoption for patients without an HLA-matched
donor. We review the existing retrospective comparisons of
HLA-matched BMT and haplo BMT with PTCy in adults
with hematologic malignancies. With the use of PTCy based
GVHD prophylaxis, rates of aGVHD after haplo BMT appear
comparable to that after MRD BMT utilizing standard pro-
phylaxis. While we found similar rates of aGVHD, cGVHD
incidence was reduced in the haplo compared with the
MRD BMT cohorts. We believe this finding is attributable
to PTCy, the use of which was limited to the haplo cohorts
in these studies. PTCy, when given early posttransplant,
is cytotoxic to alloreactive T-cells that would eventually
contribute to cGVHD development. Traditional immuno-
suppressants, such as calcineurin inhibitors, methotrexate,
or mycophenolate mofetil, only inhibit the immune system
and flare of GVHD can occur with their cessation. With
PTCy, cGVHD prevention is mediated early after transplant
and does not require continued use of immunosuppression.
Engraftment and immune reconstitution of CD3*, CD4", and
NK cells also appear similar in haplo and MRD BMT after
the early posttransplant time period. While the slight delay
in neutrophil engraftment and reduction in T-cell counts
before Day 50 may be associated with either the haplo graft
or the PTCy, it is possible that the use of BM as a stem cell
source, which has been associated with engraftment delay
[8, 9] and was used preferentially in the haplo cohort, may
have contributed. However, the one study that compared
neutrophil engraftment after haplo PBSC and haplo BM
allografting found no difference in time to neutrophil or
platelet recovery [7].

With comparable aGVHD and graft failure rates and a
reduced incidence of cGVHD, we would expect a similar
NRM. As demonstrated in the early studies of haplo BMT
with PTCy, NRM rates were low in these reports, comparable
to that seen after MRD BMT. As such, there is now strong
evidence for the safety of this transplant platform.

Relapse rates, on the other hand, were a purported
weakness associated with haplo BMT with PTCy, owing
to the original Phase II study, which found a 45% relapse
rate at 1 year [1]. This was an unexpected finding given
that the increasing HLA-mismatch could potentially lead to
more graft-versus-tumor effects and less relapse after haplo
BMT compared with HLA-matched grafts. Critics believed
that the PTCy inhibited not only the negative effects of
HLA-mismatch, namely, GVHD and graft failure, but the
positive graft-versus-tumor effects as well. After reviewing
the existing literature comparing HLA-matched and haplo
BMT there appears to be no difference in relapse rate in
the majority of these retrospective studies. In fact, in certain
diseases, relapse may be decreased after haplo BMT. This
has been suggested in a study of Hodgkin lymphoma in
which relapse and PFS were significantly improved in the
haplo cohort compared with the MRD and MUD cohorts,
despite the use of BM as a graft source in the haplo cohort
and PBSC in the HLA-matched cohort (PBSC have been
associated with reduction in relapse in prior analyses [13]).
In a single armed study of haplo BMT with PTCy for
relapsed Hodgkin lymphoma after prior autologous grafting,
Raiola et al. reported a 3-year EFS of 63% [14]. These results



support the efficacy of haplo BMT for patients with poor risk
Hodgkin lymphoma. Furthermore, MAC has been associated
with decreased relapse and increased NRM, equating to no
difference in OS when compared with NMA conditioning in
prior studies [15]. Despite decreasing conditioning intensity,
relapse in peripheral T-cell lymphoma patients was equivocal
after with MAC MRD and NMA haplo, suggesting that haplo
BMT with PTCy may play an important role in relapse
reduction in this disease. However, given the limited and
retrospective nature of this data, further study is warranted
to better clarify the hierarchy of haplo in transplantation
for lymphoma and the effects of haplo BMT with PTCy on
relapse.

Outside of lymphoma, stage or risk of disease may also
present a scenario in which haplo grafts may be preferred. In
the analysis of outcomes by the DRI, there was a suggestion
of improved PFS and OS in high and very high-risk disease
(risk is determined by disease characteristics and disease
stage at transplantation) [11, 12]. This finding reflects the very
early clinical data of haplo BMT before the era of PTCy,
in which patients with early phase disease did worse after
haplo compared with MRD BMT, owing to an increased
NRM. However, survival in patients with advanced leukemia
after haplo BMT was more similar to those after MRD BMT
in that study [16]. The difference in outcomes by disease
risk may have been due to a higher risk of death from
relapse in high-risk patients. Therefore, the outcomes of
high-risk patients depended less on the risk of NRM and
more on relapse reduction, which was more effective after
haplo BMT. However, Raiola et al. found a trend towards
reduction of relapse in early phase disease after haplo BMT
with PTCy compared with MRD BMT and similar relapse
rates in advanced disease [3]. In the early phases of MAC
haplo BMT with PTCy, patients with active leukemia were
transplanted and outcomes were poor due to progressive
disease early after BMT. As a result, Johns Hopkins adopted a
policy to avoid transplantation of patients not in remission.
Similarly, with HLA-matched transplant platforms, active
disease at the time of transplantation has been associated
with poor outcomes, especially in the setting of RIC [17].
Given these contradictory findings, the preferential use of
haplo grafts for a given disease stage or risk warrants further
investigation.

In all, OS and PES were not different after haplo and
MRD BMT in the studies that compared the two transplant
platforms. This suggests that, at a minimum, haplo is an
acceptable alternative to HLA-matched transplantation, but
further studies are needed to elucidate the clinical scenar-
ios in which haplo BMT with PTCy may be preferred.
In the future, other donor factors such as age, sex mis-
match, ABO match, CMV compatibility, or NK cell allore-
activity may be more critical than HLA match for donor
selection.
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