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Abstract: Introducing post-transplant, cyclophosphamide (PT-Cy) graft-versus-host disease (GVHD)
prophylaxis in the setting of haploidentical donor transplantation has marked the most important ad-
vance in allogeneic hematopoietic cell transplantation (alloHCT) within the past 15 years. The efficacy
of this procedure and its simple features have allowed for the significantly widespread application
of alloHCT worldwide. Indeed, the procedure’s effectiveness in reducing immunological complica-
tions in the haploidentical setting has even challenged the status quo use of calcineurin-inhibitor,
methotrexate-based GVHD prophylaxis in the setting of HLA-identical donors. Currently, however,
prospective clinical trials in support of PT-Cy-based GVHD prophylaxis in the HLA-matched setting
are striving to resolve the matter of its potential role. This review will briefly report the overall
outcomes of PT-Cy-based GVHD prophylaxis in the haploidentical setting and summarize results
obtained in the HLA-identical field. We will present future perspectives at the end of the manuscript.

Keywords: allogeneic transplantation; GVHD; post-transplant cyclophosphamide; HLA-identical;
haploidentical

1. Introduction

HLA mismatches have always represented a major barrier to successful alloHCT. How-
ever, toxicity-related mortality (TRM) of alloHCT has decreased in the last 30 years. We can
attribute the decline to the discovery of the HLA complex; the creation of international
donor registries to identify HLA-matched donors; and improvements in GVHD prophylac-
tic strategies. Yet, when patients lack an HLA-identical donor—related or unrelated—the
use of alternative donors such as haploidentical ones or cord blood units becomes the only
strategy available [1].

When clinicians used a haploidentical donor, different immunosuppressive strategies
such as T cell depletion underwent testing [2]. However, the risks related to immunological
complications or infection-related toxicity often exceeded the benefits of an alloHCT. Post-
transplant cyclophosphamide was introduced into clinical practice at the beginning of the
21st century as a simpler and effective strategy for haploidentical alloHCT [3]. From a
biological standpoint, its efficacy is related to a strong induction of immune tolerance via
peripheral and central mechanisms [4,5].

Following initial proof-of-concept studies that demonstrated the feasibility and safety
of this strategy, several retrospective analyses have revealed how results obtained from
haploHCT by PT-Cy could compete with standard calcineurin-inhibitor, methotrexate-
based GVHD strategies for matched-unrelated donor (MUD) alloHCT [4,5]. Historically,
methotrexate has been considered the most optimal companion to calcineurin inhibitors in
the setting of HLA-identical donors. In a randomized trial performed in the 1980s, Storb
et al. showed that cyclosporine plus methotrexate was superior to cyclosporine alone [6].
In a later setting of MUD donors, the same was shown for tacrolimus and methotrexate,
with similar results between the two calcineurin inhibitors [7,8]. The past 20 years have
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also borne witness to the emergence of in vivo T cell depletion by means of polyclonal
anti-thymocyte globulin (ATG) serum as an effective strategy in lowering both acute and
chronic GVHD incidence, especially in the MUD setting. At least four randomized clin-
ical trials—of which one used rabbit ATG and the other three used anti-T-lymphocyte.
globulin—were successful in showing the superiority of T cell depletion to calcineurin
inhibitors and methotrexate alone [9–12]. Currently, PT-Cy competes against methotrexate
with or without ATG with respect to becoming the ideal complement to calcineurin in-
hibitors in the setting of both related and unrelated donors. Strong evidence in support of
PT-Cy is, however, lacking. Most data come from either small-sized or retrospective studies.
However, prospective trials are ongoing, and several centers have already applied this
strategy in the HLA-matched setting as well. Thus, a critical reappraisal of the literature is
necessary at the moment, as clinicians await evidence-based answers to the matter-at-hand.

2. Methods

We reviewed a PubMed and Cochrane database search using the terms “post-transplant
cyclophosphamide”, “allogeneic hematopoietic cell transplant”, “haploidentical donor”,
and “matched donor”. We applied peer-reviewed journals, human studies, and the English
language to the filter search. We performed additional searches to identify articles related
to topics pertaining to each discussion section. We read all identified articles completely,
extracting and summarizing relevant information. We made the study selection based
on prioritization of the type of study (prospective over retrospective), population size,
and date of publication.

3. Haploidentical Setting

The first clinical study of PT-Cy in haploHCT was conducted in the setting of non-
myeloablative conditioning (Hopkins’ protocol), with subsequent clinical trials concluding
PT-Cy be at a dose of 50 mg/kg on days +3 and +4, and a combination of mycophenolate
mofetil (MMF) and calcineurin inhibitor (CNI) on day +5 [3]. Since then, increasing
worldwide experiences have been reported in retrospective studies and across different
hematologic diseases, with overall similar outcomes when compared with those of standard
donors (Table 1). Surprisingly, with respect to the classical CNI-based prophylaxis used
with matched-related donors (MRD) and MUD, PT-Cy appeared to be associated with
a significantly lower rate of chronic GVHD. This effect could, however, be attributed to
the more frequent use of bone marrow for haploidentical HCT in the beginning. For the
first-time ever, Ciurea et al. compared clinical outcomes of haploidentical HCT with PT-Cy
versus MUD to standard CNI-based GVHD prophylaxis [5]. Despite no differences in
overall survival, there was less incidence of chronic GVHD in favor of haploidentical
HCT. Kanate et al. reported similar results in the lymphoma setting and reduced-intensity
conditioning regimen [4]. With the use of registry data, haploidentical HCT was shown
to have comparable survival rates to those of MUD. The incidence of chronic GVHD was
lower for the haploidentical HCT group as well.

Additionally, conditioning intensity has evolved from non-myeloablative to myeloab-
lative regimens over the years. The classical Baltimore protocol, which finds it basis in
the combination of fludarabine-cyclophosphamide and total body irradiation (200cGy),
was associated with a low TRM yet high relapse rates. The pursuit for more intensive
conditioning schemes has, therefore, gained traction. In this setting, increasing experience
in the past decade has grown support for the use of myeloablative regimens with tolerable,
non-relapse mortality for younger patients and in high-risk diseases. The most frequently
used regimens at the moment are based on alkylating drugs such as thiotepa with either
busulfan (a total dose of 6.4–9.6 mg/kg intravenously), melphalan (140 mg/m2), or flu-
darabine (150 mg/m2). There is a need for individualizing the conditioning regimen in
accordance with basal disease risk to counterbalance non-relapse mortality and relapse risk.
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Table 1. Selection of studies using PT-Cy in the setting of haploidentical donor alloHCT. GVHD = graft-versus-host disease;
NRM = non-relapse mortality; OS = overall survival; HL = Hodgkin lymphoma; Flu = fludarabine; Cy = cyclophosphamide;
TBI = total body irradiation; Thio = thiotepa; RIC = reduced-intensity conditioning; AML = acute myeloid leukemia;
MDS = myelodysplasia; Mel = melphalan; Bu = busulfan; MAC = myeloablative; ALL = acute lymphoblastic leukemia;
AA = aplastic anemia; MUD = matched-unrelated donor; Haplo = haploidentical; NHL = non-Hodgkin lymphoma;
ATG = anti-thymocyte globulin.

Study Disease Number of
Patients

Type of
Conditioning

Grade 2–4
Acute

GVHD

All-Grade
Chronic GVHD Relapse/NRM OS

Castagna [13] HL 62 Flu/Cy/TBI,
Thio/Flu/Cy/TBI 23% 16% 21%/20% at 1 year 63% at 1 year

Gauthier [14] HL 34 Flu/Cy/TBI 28% 15% 28%/12% at 3 years 78% at 3 years

Martinez [15] HL 98 RIC (90%) 33% 26% 39% at 2 years/17%
at 1 year 67% at 3 years

Ciurea [16] AML/MDS 43 Flu/Mel based 35% 9% 24%/34% at 2 years 42% at 2 years

Gayoso [17] AML/MDS 64 Bu/Flu/Cy
(MAC) 29% 28% 25%/19% at 2 years 56% at 2 years

Shem-Tov [18] ALL 136 RIC, MAC 28% 44% 28%/23% at 3 years 54% at 3 years
Santoro [19] ALL 208 RIC, MAC 31% 29% 37%/32% at 3 years 33% at 3 years

Prata [20] AA 33 RIC 23% 20% —— 78% at 2 years

Comparison studies of haploidentical donor alloHCT versus 8 of 8 HLA-matched unrelated donor with standard GVHD prophylaxis

Ciurea [5] AML Haplo = 192
MUD = 1982

Haplo = MAC
104; RIC 88

MUD = MAC
1245; RIC 737

MAC setting:
16% vs. 33%
(p < 0.0001)
RIC setting:
19% versus

28%
(p = 0.05)

MAC setting: 30%
vs. 53% (p < 0.0001)

RIC setting: 34%
versus 52%
(p = 0.002)

No differences
between haplo and

MUD

MAC setting:
45% vs. 50%

(p = 0.38)
RIC setting:
46% versus

44% (p = 0.71)

Kanate [4] NHL and
HD

Haplo = 185
MUD

without
ATG = 241
MUD with
ATG = 491

RIC for all
patients

Grade III-IV
acute GVHD

8%, 12%,
17%

13%, 51% and 44%
(p < 0.001)

No differences
between haplo and

MUD

60%,62%,50%
(p = 0.02)

4. Marrow versus Peripheral Blood Grafts within the PT-Cy Platform

The first clinical trials in the setting of T-cell-replete haploidentical HCT with PT-Cy
systematically used bone marrow as a source, although peripheral blood stem cells have
become the predominant source for alloHCT in adults worldwide. Clinical advantages of
peripheral blood stem cells, when compared to bone marrow, include ease in collection,
faster hematologic recovery, and a lower risk of graft failure and relapse [21,22]. A main
concern about peripheral blood stem cells is the high number of donor T cells present in the
peripheral blood and the potentially increased risk of GVHD. As a result, this issue resulted
in establishing bone marrow as the first choice for T-cell-replete haploidentical HCT.

However, consecutive studies have shown that peripheral blood stem cells can be
safely used in this setting, with acceptable acute and chronic GVHD incidences similar to
those observed after MRD and MUD with peripheral blood stem cells [23–25]. Controversy,
nonetheless, remains and has been reported in the most relevant retrospective studies
across international registries.

A retrospective study with 681 patients compared transplant outcomes after non-
myeloablative, T-cell-replete haploidentical HCT using peripheral blood stem cells versus
bone marrow. The findings revealed similar hematopoietic recovery, non-relapse mor-
tality, and 2-year overall survival in both groups. Conversely, investigators observed
a higher incidence of acute and chronic GVHD, as well as a lower risk of relapse after
haploidentical HCT with peripheral blood stem cells [26]. Remarkably, the difference
reported in relapse rates applied to acute myeloid leukemia but not lymphoma. A retro-
spective study focusing on Hodgkin lymphoma showed better GVHD-free, relapse-free
survival, overall survival, and progression-free survival (PFS) for peripheral blood stem
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cells [27]. Similarly, a retrospective and multicenter study from the European Society for
Blood and Marrow Transplantation compared bone marrow and peripheral blood stem
cells in 451 patients with either acute myeloid leukemia or acute lymphoblastic leukemia
who underwent haploidentical HCT [28]. No differences in chronic GVHD, relapse rate,
non-relapse mortality, overall survival, and leukemia-free survival were found between
both groups. Bone marrow recipients had a lower engraftment rate (92% vs. 95%, p < 0.001)
and decreased incidence of grade 2–4 acute GVHD (21% vs. 38%, p ≤ 0.01; respectively).
In the multivariate analysis, peripheral blood stem cells were associated with an increased
risk of acute GVHD. More recent data from the Center for International Blood and Marrow
Transplant Research analyzed overall outcomes of PT-Cy haploidentical HCT in adult
patients with acute myeloid leukemia, acute lymphoblastic leukemia, myelodysplasia,
and chronic myeloid leukemia. Patients were categorized into four groups based on condi-
tioning intensity and stem cell source: MAC-bone marrow (#79); MAC-peripheral blood
stem cells (#183); reduced-intensity (RIC)-bone marrow (#192); and RIC-peripheral blood
stem cells (#192) [29]. Significant differences were found in grade 2–4 acute and 1-year
chronic GVHD in the univariate analysis, with MAC-peripheral blood stem cells being the
highest (44% and 40% respectively), followed by RIC-peripheral blood stem cells (36% and
34%), MAC-bone marrow (36% and 24%), and RIC-bone marrow (30% and 20%). In the
multivariable analysis, there was no impact of stem cell source or conditioning regimen
on grade 2–4 acute GVHD. In contrast, peripheral blood stem cells were a significant risk
factor for the development of chronic GVHD in the RIC setting. There were no differences
in relapse rate or survival between groups.

In conclusion, considering the biases of retrospective studies, both bone marrow and
peripheral blood stem cells can be used safely in the setting of PT-Cy haploidentical HCT.
However, peripheral blood stem cells can be associated with a higher risk of acute and
chronic GVHD in certain patient groups. Further investigation is needed to identify the
best strategy in accordance with basal disease and conditioning.

5. HLA-Identical Setting (MUD, MRD, Mismatched-UD)

A list of relevant studies in the non-haploidentical setting is reported in Table 2.
In the MAC-bone marrow setting, Luznik et al. were the first to use only PT-Cy for

high-risk hematologic patients receiving a bone marrow-derived graft [30]. Both MRD
and MUD were used in this setting. Grade 2–4 and 3–4 acute GVHD were 43% and 10%,
respectively, at day +100. Two-year all-grade chronic GVHD was approximately 10%.
Acceptable 2-year non-relapse mortality, event-free survival, and overall survival were
reported at 17%, 39%, and 59%, respectively. A similar study from Kanakry et al. using
busulfan/fludarabine MAC conditioning instead of busulfan/cyclophosphamide reported
almost similar results of grade 2–4 and grade 3–4 acute GVHD of 51% and 15%, respectively,
at day +100 [31]. One-year non-relapse mortality, 2-year disease-free survival, and overall
survival were 16%, 62%, and 67%, respectively. The same author showed in a larger cohort
of 209 adult patients with heterogeneous diseases who underwent MAC using bone marrow
graft that grade 2–4 acute GVHD was 45% at day +100. Three-year non-relapse mortality,
disease-free survival, and overall survival were 17%, 46%, and 58%, respectively [32].

In the MAC-peripheral blood stem cell setting, alerts regarding increased acute GVHD
severe toxicity have been reported. Mielcarek et al. used PT-Cy and cyclosporine (CSA)
as well as two different MACs (busulphan/fludarabine and total body irradiation) for
high-risk malignancies. Grade 2–4 acute GVHD was 77% at day +100 [33].



J. Clin. Med. 2021, 10, 3548 5 of 12

Table 2. Selection of prospective studies using PT-Cy in the setting of HLA-matched donor alloHCT. GVHD = graft versus-host disease; MAC = myeloablative conditioning; PT-
Cy = post-transplant cyclophosphamide; MRD = matched related donor; MUD = matched unrelated donor; BM = bone marrow; Bu = busulfan; Flu = fludarabine; TBI = total body
irradiation; CSA = cyclosporine; PBSC = peripheral blood stem cell; MMF = mycophenolate mofetil; Treo = treosulfan; MMUD = mismatched unrelated donor; CNI = calcineurin inhibitors;
ATG = anti-thymocyte globulin.

Study Type of Conditioning GVHD Prophylaxis Donor Graft Acute GVHD Chronic GVHD Overall Survival Commentary

Luznik [30] MAC (Bu/Cy) PT-Cy day +3, +4 MRD (#78)
MUD (#39) BM Grade 2–4 43% 9% and 11% for MRD

and MUD, respectively 55% at 2 years
First study to prove

feasibility of PT-Cy in the
HLA-matched setting

Mielcarek [33] MAC(Bu/Flu, #25;
TBI#18)

PT-Cy day +3, +4 and
CSA

MRD (#12)
MUD (#31) PBSC Grade 2–4 77% 16% 70% at 2 years

This study showed that
when using MAC and PBSC,

administering only two
immune suppressors can

increase acute GVHD rates

Carnevale-Schianca [34] MAC (Bu/Flu +
others)

PT-Cy day +3, +4 and
tacrolimus and MMF

MRD (#10)
MUD (#25) PBSC Grade 2–4 17% 7% 77% at 2 years

This study proved that
maintaining three immune
suppressive drugs, GVHD
incidence can remain low
even if using MAC and

PBSC

Greco [35] MAC (Treo/Mel/Flu)
PT-Cy day +3, +4 and
sirolimus and MMF

(for MUD)

MRD (#15)
MUD (#13) PBSC Grade 2–4 23% 13% 64% at 2 years

(estimated)

This study showed that
sirolimus can substitute

tacrolimus with good results

Bolaños-Meade [36] RIC (Flu/Cy/TBI) PT-Cy day +3, +4 and
tacrolimus and MMF

MRD (#29)
MUD (#50)

MMUD (#9)
PBSC Grade 2–4 32% 39% 71% at 1 year

This study showed how
PT-Cy/tacro/MMF is the

most effective GVHD
strategy outside of the

CNI/MTX setting

Comparison studies of PT-Cy vs. standard GVHD prophylaxis in the settings of MRD, MUD or MMUD

Battipaglia G [37]
(PT-Cy vs. ATG for

MMUD donors)

PT-Cy: MAC 50%
ATG: MAC 50%

PT-Cy or ATG plus one
or two immune

suppressive drugs

PT-Cy = 93 patients
ATG = 179 patients

PT-Cy: PBSC 91%
ATG: PBSC 92%

Grade 3–4: 9% versus
19% (p = 0.04) in favor

pf PT-Cy group
No differences

63% vs. 45% at 2 years
(p < 0.5) in favor pf

PT-Cy if patients in CR
at trasnplant

PT-Cy has less grade 3–4
acute GVHD and higher
survival than ATG-based

GVHD prophylaxis

Battipaglia G [38]
(PT-Cy vs. ATG for MRD

donors)

PT-Cy: MAC 59%
ATG: MAC 48%

PT-Cy or ATG plus one
or two immune

suppressive drugs

MRD
PT-Cy = 197 patients
ATG = 1913 patients

PT-Cy:
PBSC 70%

ATG:
PBSC 95%

No differences
All grade in 37% and
30% (p = 0.02) in favor

of ATG
No differences

PT-Cy is not superior to
ATG when used in the MRD

setting

Comparison studies of haploidentical, MUD and MMUD in the PT-Cy setting

Lorentino F [39]
(MMUD 9/10 vs. MUD

10/10 in PT-Cy)

MMUD: MAC 56%
MUD: MAC 53%

MMUD: PT-Cy + CNI +
MMF 68%

MUD: PT-Cy + CNI +
MMF 49%

MMUD = 159
MUD = 305

MMUD:
PBSC 88%

MUD:
PBSC 88%

No differences No differences No differences

PT-Cy abrogates the effect
of 1 HLA mismatch in the

setting of 9 of 10 or 10 of 10
unrelated donors

Gooptu M [40]
(Haploidentical vs. MUD)

Haploidentical: MAC
41%

MUD:
MAC 34%

PT-Cy + CNI + MMF Haploidentical = 2036
MUD = 284

Haploidentical:
PBSC 63%

MUD: PBSC 85%

RIC cohort: lower acute
GVHD in the MUD

group

MAC cohort: lower
chronic GVHD in the

MUD group

RIC cohort: 54% versus
67% in favor of

haploidentical cohort

MUD should be preferred
over haploidentical donor

when using PT-Cy
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To obviate the increase in acute GVHD incidence, the other authors decided to main-
tain the original three-drug GVHD prophylaxis (PT-Cy + MMF + CSA/tacrolimus) in the
HLA-matched donor setting as well. Carnevale-Schianca et al. used PT-CY + MMF + CSA
in 35 patients with high-risk malignancies [34]. All-grade acute GVHD was 12%. At 2 years,
non-relapse mortality, event-free survival, and overall survival were 3%, 54%, and 77%,
respectively. Another study from Greco et al. that used PT-Cy + sirolimus with or without
MMF showed that grade 2–4 acute GVHD was 23% at day +100 [35]. At the 1-year follow-
up, TRM, relapse, and overall survival were 14%, 36%, and 64%, respectively. The use of
sirolimus in combination with PT-Cy was also explored in a phase II study with a higher
cumulative incidence of grade 2–4 acute and chronic GVHD of 46% and 31%, respectively,
when compared to PT-Cy and CNI [41].

The prospective, randomized trial BMT-CTN 1301 recently presented final find-
ings [42]. The study compared PT-Cy as the sole GVHD prophylaxis strategy with bone
marrow graft to CD34+-selected peripheral blood stem cells and tacrolimus/methotrexate
with bone marrow graft when using MAC and HLA-matched donors. The primary end-
point of this study was chronic GVHD/relapse-free survival. All three strategies resulted
in acceptable outcomes. However, CD34+ selection was associated with worse survival
when compared to the other two groups due to a higher TRM. PT-Cy alone had similar
outcomes when compared to standard tacrolimus/methotrexate.

In the RIC setting, most patients received peripheral blood stem cell-derived grafts.
In this regard, prospective trials have been undertaken or are ongoing. The BMT-CTN1203
study compared the use of PT-Cy/tacrolimus/MMF to tacrolimus/methotrexate/maraviroc
or tacrolimus/methotrexate/bortezomib in a prospective, multicenter phase 2 trial [36].
The hazard-ratio for GVHD relapse-free survival was 0.72 (p = 0.044) for the PT-Cy/tacrolimus/
MMF group. No differences were described in terms of relapse or survival. Thus, the
PT-Cy-based GVHD prophylaxis was selected for the PROGRESS III trial, which aims to
compare a PT-Cy strategy versus tacrolimus/methotrexate in the setting of HLA-matched
donors [43]. Additionally, a prospective phase III HOVON-96 trial compared CSA+PT-Cy
versus CSA+MMF in MRD and MUD peripheral blood stem cells [44]. Lower rates of acute
and chronic GVHD were found in PT-Cy-based GVHD prophylaxis recipients. Preliminary
results of a smaller phase 2 randomized study from Brissot et al. have also come to light [45].
In this trial, investigators compared PT-Cy/CSA/MMF to standard CSA/methotrexate
+ ATG GVHD prophylaxis for MUD alloHCT. Peripheral blood stem cell grafts and RIC
were used in all patients. At the 6-month follow-up, grade 2–4 acute GHVD was 35% and
24% (p = 0.24) for PT-Cy and ATG cohorts, respectively. At the 1-year follow-up, all-grade
chronic GVHD was 26% versus 30% (p = 0.56) for the same groups. No differences were
observed in terms of non-relapse mortality, relapse, overall survival, GHVD relapse-free
survival, or adverse events.

Finally, when comparing both MAC and RIC in the same analysis, results did not show
a survival advantage with respect to conditioning intensity. A larger retrospective study
from the EBMT of 423 patients with acute leukemia confirmed the acceptable results of PT-
Cy in the HLA-matched setting using bone marrow or peripheral blood stem cell graft [46].
Bone marrow was the main graft source whenever sole PT-Cy was used (74% bone marrow
versus 26% peripheral blood stem cells), while peripheral blood stem cells were the most
frequent source if PT-Cy was used in combination with one or two immunosuppressive
drugs. Both MAC and RIC regimens were used. Apparently, the only differences between
the three groups (sole PT-Cy, PT-Cy + 1 drug, PT-Cy + 2 drugs) was an inferior all-grade
chronic GVHD incidence whenever PT-Cy was associated with two immunosuppressive
drugs. Another study from Nagler et al. compared PT-Cy alone to CSA/methotrexate
in the setting of MRD donors for patients with acute myeloid leukemia [47]. Peripheral
blood stem cell graft was the most common source used in this setting between the two
groups. However, MAC conditioning was used less in the PT-Cy group. The only difference
observed was a higher incidence of relapse in the PT-Cy group (HR 1.52; p = 0.02). A recent
prospective, multicenter phase 2 trial for HLA-mismatched unrelated donor (UD) using PT-
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Cy/sirolimus/MMF and MAC (50%) or RIC (50%) conditioning showed the feasibility of
alloHCT with mismatched UD [48]. All patients received bone marrow grafts. At the 1-year
follow-up, overall survival was 76% with no significant differences between MAC/RIC
and HLA match grade (7/8 versus 4–6 HLA matches). At day +100, acute GVHD incidence
was 43% and 33% for the MAC and RIC groups, respectively. At the 1-year follow-up,
chronic GVHD was 36% and 18% for the MAC and RIC groups, respectively. One-year
non-relapse mortality and relapse were 8% and 30% for the MAC cohort, respectively,
and 10% and 23% for the RIC cohort, respectively. Forty-eight percent of patients belonged
to ethnic minorities, showing a possible way to expand access to alloHCT for patients with
underrepresented ethnicities in international donor registries.

Only a few studies were reported in the mismatched UD setting. Gaballa et al. reported
data regarding 46 patients undergoing RIC conditioning with bone marrow and receiving
mismatched UD (9 of 10 HLA-matches) donors using PT-Cy/tacrolimus/MMF GVHD
prophylaxis [49]. At day +100, grade 2–4 acute GVHD was 33%. At the 1-year follow-up,
non-relapse mortality and overall survival were acceptable (34% and 47%). At the 2-year
follow-up, all-grade chronic GVHD was 19%. Additionally, a recent study from Battipaglia
et al. compared mismatched UD donor (9 of 10 HLA-matches) to haploidentical HCT
using the same PT-Cy GVHD prophylaxis [50]. Interestingly, a lower frequency of HLA
mismatches was associated with decreased leukemia-free survival; however, no significant
differences in overall survival were observed.

The use of simpler GVHD prophylaxis—comprising PT-Cy and tacrolimus for mis-
matched UD and MUD—has been reported in 109 patients by Pedraza et al. [51]. The au-
thors described a similar cumulative incidence of grade 2–4 (31% vs. 32%) and 3–4 acute
GVHD (9% vs. 7%) across the two groups. No differences in chronic GVHD, overall sur-
vival, TRM, and PFS were observed between the two groups, supporting that this approach
could overcome the adverse effect by an HLA disparity.

When comparing PT-Cy to ATG within the context of mismatched UD and MRD,
evidence from a retrospective registry study is available. In simple terms, PT-Cy appears to
be superior to ATG when a 9 of 10 HLA-compatible donor is used in terms of survival [37].
However, this advantage is no longer present in the setting of MRD donors [38].

In conclusion, PT-Cy, in association with MMF and CNI, could represent a safe
alternative to methotrexate/CNI in HLA-matched settings (Table 3). Nevertheless, higher-
quality evidence is further required to confirm these preliminary data.

Additionally, the most recent studies compare results between different donors when-
ever a similar PT-Cy-based GVHD prophylaxis is used. In this context, retrospective
registry study evidence shows that MUD donors should be preferred to haploidentical
donors as well [40]. Among 9 of 10 and 10 of 10 unrelated donors, PT-Cy appears capa-
ble of abrogating differences between these two types of donors with respect to survival
outcomes [39].
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Table 3. Post-transplant cyclophosphamide indications and levels of evidence in relation to different donor settings. Levels of evidence are based on Oxford Center for Evidence-based Medicine
(OCEBM) Levels of Evidence Working group (2009) [52].

Haploidentical MUD MMUD MRD

Prospective studies

PT-Cy is strongly suggested in this
setting due to its efficacy and

easy-to-use characteristics
compared to other haploidentical

strategies

PROGRESS III study is currently
comparing in a phase 3 trial if

PT-Cy/tacro/MMF is superior to
standard tacro/MTX (without ATG)

in the RIC/PBSC setting [43].
Progress II study showed that PT-Cy

GVHD prophylaxis alone is not
superior to tacro/MTX (without ATG)

in the MAC/BM setting [42].
A recent phase 2 randomized trial did

not show any differences between
PT-Cy/CSA/MMF and CSA/MTX +

ATG in this setting [45].

Progress III study is currently
comparing in a phase 3 trial if

PT-Cy/tacro/MMF is superior to
standard tacro/MTX in the RIC/PBSC

setting [43].
One prospective phase 2 trial showed
feasibility of PTCy/sirolimus/MMF
in the setting of MMUD when using

BM graft [48].

Progress III study is currently
comparing in a phase 3 trial if

PT-Cy/tacro/MMF is superior to
standard tacro/MTX in the RIC/PBSC

setting [43].
Progress II study showed that PT-Cy

GVHD prophylaxis alone is not
superior to tacro/MTX (without ATG)

when using MAC/BM setting [42].
A recent phase 2 randomized trial did

not show any differences between
PT-Cy/CSA/MMF and CSA/MTX +

ATG in this setting [45].

Retrospective studies
Retrospective studies confirm the

effectiveness of this strategy in large
cohorts of patients (Table 1)

A MMUD donor should be preferred
over a haploidentical one when using

PT-Cy-based strategy [53].

PT-Cy prophylaxis alone was not
shown to be superior to CSA/MTX in

this setting [47].

Final recommendations

In support of PT-Cy-based strategies
due to reduced acute and chronic

GVHD and favorable toxicity profile
when compared to other

haploidentical strategies.Level of
evidence 2a

PT-Cy-based strategies could be a
clinical option, especially in the

RIC/BM setting [4,5]. When using
MAC/PBSC schemes and compared
to ATG-based strategies, advantages

are less clear in terms of GVHD
incidence.

Apparently, using a MUD donor is
better than a haploidentical one when

using PT-Cy-based strategies in the
setting of myeloid diseases and RIC

conditioning [40].
Level of evidence 3a (waiting for
randomized clinical trial results).

PT-Cy-based strategies could be a
clinical option, especially in the

context of RIC/BM setting. When
using MAC/PBSC schemes and

compared to ATG-based strategies,
advantages are less clear in terms of

GVHD incidence.
Level of evidence 3a (waiting for
randomized clinical trial results).

Current retrospective data do not
show a significant advantage over

CNI-based strategies in this
setting [54].

Level of evidence 3b (waiting for
randomized clinical trial results).
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6. Future Perspectives

In the future, final results from prospective clinical trials will establish which GVHD
prophylaxis is the most optimal, especially in the HLA-matched donor setting. At the mo-
ment, there is an absence of high-quality evidence to support the claim that this approach
would be superior to standard GVHD prophylaxis (Table 3). PT-Cy has the potential to
overcome HLA barriers and facilitate the possibility of faster immune tolerance [55]. Con-
sidering that disease relapse remains the first cause of death after alloHCT, it is important
to develop more novel post-transplant strategies capable of minimizing the risk of relapse.
Immunotherapies relying on an adaptive immune system may be used in the future to
consolidate or maintain disease response after alloHCT. GVHD prophylaxis such as that
of PT-Cy can induce faster immune tolerance and thereby allow for rapid suspension of
immune suppressors. In other words, clinicians may be able to use immune therapies in a
timely manner that could effectively reduce disease relapse after alloHCT.

7. Conclusions

PT-Cy-based GVHD prophylaxis has rapidly changed the therapeutic scenario in the
alloHCT setting. While its efficacy in the haploidentical setting has been reproduced world-
wide, its use in the HLA-matched setting should be considered experimental. Promising
results have been prospectively obtained when PT-Cy is used in the MUD or mismatched
UD setting. PT-Cy appears not to be inferior to standard CNI/methotrexate GVHD pro-
phylaxis in this setting. However, when using MAC conditioning and peripheral blood
stem cells as the graft source, the incidence of chronic GVHD is not so different from that
observed with standard prophylaxis. In the MRD setting, the advantages of PT-Cy versus
standard therapy are even less clear. The final results of larger, prospective multicenter
clinical trials such as the PROGRESS III trial could resolve this open matter and determine
whether PT-Cy-based GVHD prophylaxis is better than that which is methotrexate-based.
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Unmanipulated Haploidentical Stem Cell Transplantation in Adults with Acute Lymphoblastic Leukemia: A Study on Behalf of
the Acute Leukemia Working Party of the EBMT. J. Hematol. Oncol. 2017, 10, 113. [CrossRef] [PubMed]

20. Prata, P.H.; Eikema, D.-J.; Afansyev, B.; Bosman, P.; Smiers, F.; Diez-Martin, J.L.; Arrais-Rodrigues, C.; Koc, Y.; Poiré, X.;
Sirvent, A.; et al. Haploidentical Transplantation and Posttransplant Cyclophosphamide for Treating Aplastic Anemia Patients: A
Report from the EBMT Severe Aplastic Anemia Working Party. Bone Marrow Transplant. 2020, 55, 1050–1058. [CrossRef] [PubMed]

21. Körbling, M.; Anderlini, P. Peripheral Blood Stem Cell versus Bone Marrow Allotransplantation: Does the Source of Hematopoietic
Stem Cells Matter? Blood 2001, 98, 2900–2908. [CrossRef] [PubMed]

22. Anasetti, C.; Logan, B.R.; Lee, S.J.; Waller, E.K.; Weisdorf, D.J.; Wingard, J.R.; Cutler, C.S.; Westervelt, P.; Woolfrey, A.;
Couban, S.; et al. Peripheral-Blood Stem Cells versus Bone Marrow from Unrelated Donors. N. Engl. J. Med. 2012, 367, 1487–1496.
[CrossRef]

http://doi.org/10.1182/blood-2015-04-639831
http://www.ncbi.nlm.nih.gov/pubmed/26130705
http://doi.org/10.1056/NEJM198603203141201
http://www.ncbi.nlm.nih.gov/pubmed/9746768
http://doi.org/10.1016/S2352-3026(17)30081-9
http://doi.org/10.1056/NEJMoa1506002
http://doi.org/10.1200/JCO.2017.75.8177
http://doi.org/10.1016/S1470-2045(15)00462-3
http://doi.org/10.1038/bmt.2016.348
http://doi.org/10.1038/bmt.2016.349
http://www.ncbi.nlm.nih.gov/pubmed/28067872
http://doi.org/10.1200/JCO.2017.72.6869
http://doi.org/10.1016/j.bbmt.2017.09.005
http://doi.org/10.1111/ejh.13103
http://doi.org/10.1038/s41375-019-0544-3
http://doi.org/10.1186/s13045-017-0480-5
http://www.ncbi.nlm.nih.gov/pubmed/28558762
http://doi.org/10.1038/s41409-019-0773-0
http://www.ncbi.nlm.nih.gov/pubmed/31844137
http://doi.org/10.1182/blood.V98.10.2900
http://www.ncbi.nlm.nih.gov/pubmed/11698269
http://doi.org/10.1056/NEJMoa1203517


J. Clin. Med. 2021, 10, 3548 11 of 12

23. Solomon, S.R.; Sizemore, C.A.; Sanacore, M.; Zhang, X.; Brown, S.; Holland, H.K.; Morris, L.E.; Bashey, A. Haploidentical
Transplantation Using T Cell Replete Peripheral Blood Stem Cells and Myeloablative Conditioning in Patients with High-Risk
Hematologic Malignancies Who Lack Conventional Donors Is Well Tolerated and Produces Excellent Relapse-Free Survival:
Results of a Prospective Phase II Trial. Biol. Blood Marrow Transplant. 2012, 18, 1859–1866. [CrossRef] [PubMed]

24. Farhan, S.; Peres, E.; Janakiraman, N. Choice of Unmanipulated T Cell Replete Graft for Haploidentical Stem Cell Transplant
and Posttransplant Cyclophosphamide in Hematologic Malignancies in Adults: Peripheral Blood or Bone Marrow-Review of
Published Literature. Adv. Hematol. 2016, 2016, 6950346. [CrossRef]

25. Devine, S.M. Haploidentical Hematopoietic Cell Transplantation Using Post-Transplantation Cyclophosphamide: Does Graft
Source Matter? J. Clin. Oncol. 2017, 35, 2984–2986. [CrossRef]

26. Bashey, A.; Zhang, M.-J.; McCurdy, S.R.; St Martin, A.; Argall, T.; Anasetti, C.; Ciurea, S.O.; Fasan, O.; Gaballa, S.;
Hamadani, M.; et al. Mobilized Peripheral Blood Stem Cells Versus Unstimulated Bone Marrow As a Graft Source for
T-Cell-Replete Haploidentical Donor Transplantation Using Post-Transplant Cyclophosphamide. J. Clin. Oncol. 2017, 35,
3002–3009. [CrossRef]

27. Mariotti, J.; Devillier, R.; Bramanti, S.; Giordano, L.; Sarina, B.; Furst, S.; Granata, A.; Maisano, V.; Pagliardini, T.; De Philippis, C.; et al.
Peripheral Blood Stem Cells versus Bone Marrow for T Cell-Replete Haploidentical Transplantation with Post-Transplant Cyclophos-
phamide in Hodgkin Lymphoma. Biol. Blood Marrow Transplant. 2019, 25, 1810–1817. [CrossRef] [PubMed]

28. Ruggeri, A.; Labopin, M.; Bacigalupo, A.; Gülbas, Z.; Koc, Y.; Blaise, D.; Bruno, B.; Irrera, G.; Tischer, J.; Diez-Martin, J.L.; et al.
Bone Marrow versus Mobilized Peripheral Blood Stem Cells in Haploidentical Transplants Using Posttransplantation Cyclophos-
phamide. Cancer 2018, 124, 1428–1437. [CrossRef]

29. Im, A.; Rashidi, A.; Wang, T.; Hemmer, M.; MacMillan, M.L.; Pidala, J.; Jagasia, M.; Pavletic, S.; Majhail, N.S.; Weisdorf, D.; et al.
Risk Factors for Graft-versus-Host Disease in Haploidentical Hematopoietic Cell Transplantation Using Post-Transplant Cy-
clophosphamide. Biol. Blood Marrow Transplant. 2020, 26, 1459–1468. [CrossRef]

30. Luznik, L.; Bolaños-Meade, J.; Zahurak, M.; Chen, A.R.; Smith, B.D.; Brodsky, R.; Huff, C.A.; Borrello, I.; Matsui, W.; Powell, J.D.; et al.
High-Dose Cyclophosphamide as Single-Agent, Short-Course Prophylaxis of Graft-versus-Host Disease. Blood 2010, 115, 3224–3230.
[CrossRef] [PubMed]

31. Kanakry, C.G.; O’Donnell, P.V.; Furlong, T.; de Lima, M.J.; Wei, W.; Medeot, M.; Mielcarek, M.; Champlin, R.E.; Jones, R.J.;
Thall, P.F.; et al. Multi-Institutional Study of Post-Transplantation Cyclophosphamide as Single-Agent Graft-versus-Host Disease
Prophylaxis after Allogeneic Bone Marrow Transplantation Using Myeloablative Busulfan and Fludarabine Conditioning. J. Clin.
Oncol. 2014, 32, 3497–3505. [CrossRef] [PubMed]

32. Kanakry, C.G.; Tsai, H.-L.; Bolaños-Meade, J.; Smith, B.D.; Gojo, I.; Kanakry, J.A.; Kasamon, Y.L.; Gladstone, D.E.; Matsui, W.;
Borrello, I.; et al. Single-Agent GVHD Prophylaxis with Posttransplantation Cyclophosphamide after Myeloablative, HLA-
Matched BMT for AML, ALL, and MDS. Blood 2014, 124, 3817–3827. [CrossRef]

33. Mielcarek, M.; Furlong, T.; O’Donnell, P.V.; Storer, B.E.; McCune, J.S.; Storb, R.; Carpenter, P.A.; Flowers, M.E.D.; Appelbaum, F.R.;
Martin, P.J. Posttransplantation Cyclophosphamide for Prevention of Graft-versus-Host Disease after HLA-Matched Mobilized
Blood Cell Transplantation. Blood 2016, 127, 1502–1508. [CrossRef]

34. Carnevale-Schianca, F.; Caravelli, D.; Gallo, S.; Coha, V.; D’Ambrosio, L.; Vassallo, E.; Fizzotti, M.; Nesi, F.; Gioeni, L.;
Berger, M.; et al. Post-Transplant Cyclophosphamide and Tacrolimus-Mycophenolate Mofetil Combination Prevents Graft-
versus-Host Disease in Allogeneic Peripheral Blood Hematopoietic Cell Transplantation from HLA-Matched Donors. Biol. Blood
Marrow Transplant. 2017, 23, 459–466. [CrossRef] [PubMed]

35. Greco, R.; Lorentino, F.; Morelli, M.; Giglio, F.; Mannina, D.; Assanelli, A.; Mastaglio, S.; Dalto, S.; Perini, T.; Lazzari, L.; et al.
Posttransplantation Cyclophosphamide and Sirolimus for Prevention of GVHD after HLA-Matched PBSC Transplantation. Blood
2016, 128, 1528–1531. [CrossRef] [PubMed]

36. Bolaños-Meade, J.; Reshef, R.; Fraser, R.; Fei, M.; Abhyankar, S.; Al-Kadhimi, Z.; Alousi, A.M.; Antin, J.H.; Arai, S.; Bickett, K.; et al.
Three Prophylaxis Regimens (Tacrolimus, Mycophenolate Mofetil, and Cyclophosphamide; Tacrolimus, Methotrexate, and Borte-
zomib; or Tacrolimus, Methotrexate, and Maraviroc) versus Tacrolimus and Methotrexate for Prevention of Graft-versus-Host
Disease with Haemopoietic Cell Transplantation with Reduced-Intensity Conditioning: A Randomised Phase 2 Trial with a
Non-Randomised Contemporaneous Control Group (BMT CTN 1203). Lancet Haematol. 2019, 6, e132–e143. [CrossRef] [PubMed]

37. Battipaglia, G.; Labopin, M.; Kröger, N.; Vitek, A.; Afanasyev, B.; Hilgendorf, I.; Schetelig, J.; Ganser, A.; Blaise, D.; Itälä-
Remes, M.; et al. Posttransplant Cyclophosphamide vs Antithymocyte Globulin in HLA-Mismatched Unrelated Donor Trans-
plantation. Blood 2019, 134, 892–899. [CrossRef]

38. Battipaglia, G.; Labopin, M.; Hamladji, R.; Blaise, D.; Chevallier, P.; Brissot, E.; Gerbitz, A.; Socié, G.; Afanasyev, B.; Ciceri, F.; et al.
Post-transplantation Cyclophosphamide versus Antithymocyte Globulin in Patients with Acute Myeloid Leukemia Undergoing
Allogeneic Stem Cell Transplantation from HLA-identical Sibling Donors: A Retrospective Analysis from the Acute Leukemia
Working Party of the European Society for Blood and Marrow Transplantation. Cancer 2021, 127, 209–218. [CrossRef] [PubMed]

39. On behalf of the Acute Leukemia Working Party (ALWP) and Cellular Therapy and Immunobiology Working Party (CTIWP) of the
European Society for Blood and Marrow Transplantation (EBMT); Lorentino, F.; Labopin, M.; Ciceri, F.; Vago, L.; Fleischhauer, K.;
Afanasyev, B.; Kröger, N.; Cornelissen, J.J.; Lovira, M.; et al. Post-Transplantation Cyclophosphamide GvHD Prophylaxis after
Hematopoietic Stem Cell Transplantation from 9/10 or 10/10 HLA-Matched Unrelated Donors for Acute Leukemia. Leukemia
2021, 35, 585–594. [CrossRef]

http://doi.org/10.1016/j.bbmt.2012.06.019
http://www.ncbi.nlm.nih.gov/pubmed/22863841
http://doi.org/10.1155/2016/6950346
http://doi.org/10.1200/JCO.2017.73.7775
http://doi.org/10.1200/JCO.2017.72.8428
http://doi.org/10.1016/j.bbmt.2019.05.017
http://www.ncbi.nlm.nih.gov/pubmed/31128326
http://doi.org/10.1002/cncr.31228
http://doi.org/10.1016/j.bbmt.2020.05.001
http://doi.org/10.1182/blood-2009-11-251595
http://www.ncbi.nlm.nih.gov/pubmed/20124511
http://doi.org/10.1200/JCO.2013.54.0625
http://www.ncbi.nlm.nih.gov/pubmed/25267759
http://doi.org/10.1182/blood-2014-07-587477
http://doi.org/10.1182/blood-2015-10-672071
http://doi.org/10.1016/j.bbmt.2016.12.636
http://www.ncbi.nlm.nih.gov/pubmed/28039079
http://doi.org/10.1182/blood-2016-06-723205
http://www.ncbi.nlm.nih.gov/pubmed/27495140
http://doi.org/10.1016/S2352-3026(18)30221-7
http://www.ncbi.nlm.nih.gov/pubmed/30824040
http://doi.org/10.1182/blood.2019000487
http://doi.org/10.1002/cncr.33255
http://www.ncbi.nlm.nih.gov/pubmed/33119152
http://doi.org/10.1038/s41375-020-0863-4


J. Clin. Med. 2021, 10, 3548 12 of 12

40. Gooptu, M.; Romee, R.; St Martin, A.; Arora, M.; Al Malki, M.M.; Antin, J.H.; Bredeson, C.N.; Brunstein, C.G.; Chhabra, S.;
Fuchs, E.J.; et al. HLA Haploidentical versus Matched Unrelated Donor Transplants with Post-Transplant Cyclophosphamide
Based Prophylaxis. Blood 2021, 138, 273–282. [CrossRef] [PubMed]

41. Solomon, S.R.; Sanacore, M.; Zhang, X.; Brown, S.; Holland, K.; Morris, L.E.; Bashey, A. Calcineurin Inhibitor–Free Graft-versus-
Host Disease Prophylaxis with Post-Transplantation Cyclophosphamide and Brief-Course Sirolimus Following Reduced-Intensity
Peripheral Blood Stem Cell Transplantation. Biol. Blood Marrow Transplant. 2014, 20, 1828–1834. [CrossRef] [PubMed]

42. Luznik, L.; Pasquini, M.; Logan, B. Post-Transplantation Gs2-6 Calcineurin Inhibitor-Free Graft-Versus-Host Disease (Gvhd)
Prophylaxis in Hematopoietic Cell Transplantation (Hct) with Myeloablative Conditioning Regimens (Mac) and Hla-Matched
Donors: Results of the Bmt Ctn 1301. 2021. Published Online March. Available online: https://ebmt2021.abstractserver.com/
program/#/details/presentations/1251 (accessed on 8 July 2021).

43. Blood and Marrow Transplant Clinical Trial Network. A Randomized, Multicenter, Phase III Trial of Tacrolimus/Methotrexate
versus Post-Transplant Cyclophosphamide/Tacrolimus/Mycophenolate Mofetil in Non-Myeloablative/Reduced Intensity Con-
ditioning Allogeneic Peripheral Blood Stem Cell Transplantation. 2020. Available online: https://web.emmes.com/study/bmt2
/protocol/1703-1801_protocol/BMT%20CTN%201703%20v4.0.pdf (accessed on 8 July 2021).

44. De Jong, C.N.; Meijer, E.; Bakunina, K.; Nur, E.; van Marwijk Kooij, M.; de Groot, M.R.; van Gelder, M.; Maertens, J.A.;
Kuball, J.H.E.; Deeren, D.; et al. Post-Transplantation Cyclophosphamide after Allogeneic Hematopoietic Stem Cell Transplanta-
tion: Results of the Prospective Randomized HOVON-96 Trial in Recipients of Matched Related and Unrelated Donors. Blood
2019, 134, 1. [CrossRef]

45. Brissot, E.; Labopin, M.; Laboussiere, H. Post-Transplantation Cyclophosphamide versus Antithymocyte Globulin After Ric
Regimen Allo-Hct: First Analysis of a Prospective Randomized Multicenter Trial in Recipients of 10/10 Matched Donors.
2021. Published Online March. Available online: https://ebmt2021.abstractserver.com/program/#/details/presentations/1316
(accessed on 8 July 2021).

46. Ruggeri, A.; Labopin, M.; Bacigalupo, A.; Afanasyev, B.; Cornelissen, J.J.; Elmaagacli, A.; Itälä-Remes, M.; Blaise, D.; Meijer, E.;
Koc, Y.; et al. Post-Transplant Cyclophosphamide for Graft-versus-Host Disease Prophylaxis in HLA Matched Sibling or Matched
Unrelated Donor Transplant for Patients with Acute Leukemia, on Behalf of ALWP-EBMT. J. Hematol. Oncol. 2018, 11, 40.
[CrossRef]

47. Nagler, A.; Labopin, M.; Wu, D. Gvhd Prophylaxis with Post Transplantation Cyclophosphamide (ptcy) versus Cyclosporine
a/Methotrexate Post Allogeneic Transplantation (hsct) from Matched Siblings for Aml: From the Alwp/Ebmt. 2021. Available
online: https://ebmt2021.abstractserver.com/program/#/details/presentations/1256 (accessed on 8 July 2021).

48. Shaw, B.E.; Jimenez-Jimenez, A.M.; Burns, L.J.; Logan, B.R.; Khimani, F.; Shaffer, B.C.; Shah, N.N.; Mussetter, A.; Tang, X.-Y.;
McCarty, J.M.; et al. National Marrow Donor Program-Sponsored Multicenter, Phase II Trial of HLA-Mismatched Unrelated
Donor Bone Marrow Transplantation Using Post-Transplant Cyclophosphamide. J. Clin. Oncol. 2021, 39, JCO2003502. [CrossRef]
[PubMed]

49. Gaballa, S.; Ge, I.; El Fakih, R.; Brammer, J.E.; Kongtim, P.; Tomuleasa, C.; Wang, S.A.; Lee, D.; Petropoulos, D.; Cao, K.; et al.
Results of a 2-Arm, Phase 2 Clinical Trial Using Post-Transplantation Cyclophosphamide for the Prevention of Graft-versus-Host
Disease in Haploidentical Donor and Mismatched Unrelated Donor Hematopoietic Stem Cell Transplantation. Cancer 2016,
122, 3316–3326. [CrossRef]

50. Battipaglia, G.; Galimard, J.-E.; Labopin, M. Post-Transplant Cyclophosphamide in One-Antigen Mismatched Unrelated Donor
Transplantation Versus Haploidentical Transplantation: A Retrospective Study On Behalf Of The Acute Leukemia Working Party
of the Ebmt. 2021. Available online: https://ebmt2021.abstractserver.com/program/#/details/presentations/1222 (accessed on
8 July 2021).

51. Pedraza, A.; Jorge, S.; Suárez-Lledó, M.; Pereira, A.; Gutiérrez-García, G.; Fernández-Avilés, F.; Rosiñol, L.; Llobet, N.; Solano, T.;
Urbano-Ispízua, Á.; et al. High-Dose Cyclophosphamide and Tacrolimus as Graft-versus-Host Disease Prophylaxis for Matched
and Mismatched Unrelated Donor Transplantation. Transplant. Cell Ther. 2021, 27, 619.e1–619.e8. [CrossRef] [PubMed]

52. Centre for Evidence-Based Medicine. Oxford Centre for Evidence-Based Medicine: Levels of Evidence (March 2009). Avail-
able online: https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-
evidence-march-2009 (accessed on 8 July 2021).

53. Battipaglia, G.; Labopin, M.; Blaise, D. Impact of the Addition of Antithymocyte Globulin to Post-Transplant Cyclophosphamide
in Haploidentical Transplantation with Peripheral Blood Compared to Post-Transplant Cyclophosphamide Alone. 2021. Available
online: https://ebmt2021.abstractserver.com/program/#/details/presentations/1359 (accessed on 8 July 2021).

54. Gagelmann, N.; Bacigalupo, A.; Rambaldi, A.; Hoelzer, D.; Halter, J.; Sanz, J.; Bonifazi, F.; Meijer, E.; Itälä-Remes, M.;
Marková, M.; et al. Haploidentical Stem Cell Transplantation With Posttransplant Cyclophosphamide Therapy vs Other
Donor Transplantations in Adults With Hematologic Cancers: A Systematic Review and Meta-Analysis. JAMA Oncol. 2019, 5,
1739–1748. [CrossRef] [PubMed]

55. Luznik, L.; O′Donnell, P.V.; Fuchs, E.J. Post-Transplantation Cyclophosphamide for Tolerance Induction in HLA-Haploidentical
Bone Marrow Transplantation. Semin. Oncol. 2012, 39, 683–693. [CrossRef]

http://doi.org/10.1182/blood.2021011281
http://www.ncbi.nlm.nih.gov/pubmed/34292325
http://doi.org/10.1016/j.bbmt.2014.07.020
http://www.ncbi.nlm.nih.gov/pubmed/25064745
https://ebmt2021.abstractserver.com/program/#/details/presentations/1251
https://ebmt2021.abstractserver.com/program/#/details/presentations/1251
https://web.emmes.com/study/bmt2/protocol/1703-1801_protocol/BMT%20CTN%201703%20v4.0.pdf
https://web.emmes.com/study/bmt2/protocol/1703-1801_protocol/BMT%20CTN%201703%20v4.0.pdf
http://doi.org/10.1182/blood-2019-124659
https://ebmt2021.abstractserver.com/program/#/details/presentations/1316
http://doi.org/10.1186/s13045-018-0586-4
https://ebmt2021.abstractserver.com/program/#/details/presentations/1256
http://doi.org/10.1200/JCO.20.03502
http://www.ncbi.nlm.nih.gov/pubmed/33905264
http://doi.org/10.1002/cncr.30180
https://ebmt2021.abstractserver.com/program/#/details/presentations/1222
http://doi.org/10.1016/j.jtct.2021.03.022
http://www.ncbi.nlm.nih.gov/pubmed/33895157
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://www.cebm.ox.ac.uk/resources/levels-of-evidence/oxford-centre-for-evidence-based-medicine-levels-of-evidence-march-2009
https://ebmt2021.abstractserver.com/program/#/details/presentations/1359
http://doi.org/10.1001/jamaoncol.2019.3541
http://www.ncbi.nlm.nih.gov/pubmed/31621796
http://doi.org/10.1053/j.seminoncol.2012.09.005

	Introduction 
	Methods 
	Haploidentical Setting 
	Marrow versus Peripheral Blood Grafts within the PT-Cy Platform 
	HLA-Identical Setting (MUD, MRD, Mismatched-UD) 
	Future Perspectives 
	Conclusions 
	References

