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Advances in conditioning, graft-versus-host disease (GVHD) prophylaxis and antimicrobial prophylaxis have improved
the safety of allogeneic hematopoietic cell transplantation (HCT), leading to a substantial increase in the number of
patients transplanted each year. This influx of patients along with progress in remission-inducing and posttransplant
maintenance strategies for hematologic malignancies has led to new GVHD risk factors and high-risk groups: HLA-
mismatched related (haplo) and unrelated (MMUD) donors; older recipient age; posttransplant maintenance; prior
checkpoint inhibitor and autologous HCT exposure; and patients with benign hematologic disorders. Along with the
changing transplant population, the field of HCT has dramatically shifted in the past decade because of the wide-
spread adoption of posttransplantation cyclophosphamide (PTCy), which has increased the use of HLA-mismatched
related donors to levels comparable to HLA-matched related donors. Its success has led investigators to explore
PTCy’s utility for HLA-matched HCT, where we predict it will be embraced as well. Additionally, combinations of
promising new agents for GVHD prophylaxis such as abatacept and JAK inhibitors with PTCy inspire hope for an even
safer transplant platform. Using 3 illustrative cases, we review our current approach to transplantation of patients at
high risk of GVHD using our modern armamentarium.
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Introduction
We are living in an era of remarkable progress and change in the
field of allogeneic hematopoietic cell transplantation (HCT). Not
only does nonrelapse mortality (NRM) continue to decline with
modern conditioning, graft-versus-host disease (GVHD), and
antimicrobial strategies, but the success of posttransplant
cyclophosphamide (PTCy) has led to the widespread use of HLA-
haploidentical HCT (haplo-HCT), greatly expanding the donor
pool.1-5 With advances in both transplantation techniques and
hematologic oncology, new challenges have been identified in
the prevention and management of GVHD. Reduced intensity
conditioning (RIC) regimens and safer GVHD prevention strate-
gies have led to transplantation of patients who are older;
possess more comorbidities; are more heavily pretreated; and
are overall at higher risk for transplant-associated complications.
The success of first-degree relative haplo-HCT with PTCy has
increased interest in second-degree relative HLA haploidentical
donors and HLA-mismatched unrelated donors (MMUD), leading
to questions on how to best mitigate the GVHD and NRM risk
associated with these alternative donor sources.6,7 The use of
molecularly targeted and immune-based therapies for hemato-
logic malignancies in the peritransplant setting has altered the
risk of GVHD and other transplant-associated complications.
Finally, HCT is being increasingly used to treat patients with
benign hematologic disorders and primary immunodeficiencies,
patient populations that do not benefit from the graft-versus-
malignancy effect or any degree of GVHD. These challenges
have increased the number of patients at high risk of GVHD, and
new approaches must be identified to mitigate this risk and
improve the safety of this therapy.

In this review, we discuss our approach to managing patients at
high risk for GVHD in the context of 3 informative cases. Given
the significant body of data on haplo-HCT with PTCy using a
first-degree relative, we focus on GVHD prophylaxis strategies
for MMUD HCT; matched unrelated donor (MUD) HCT; and
haplo-HCT with a second-degree relative. Additionally, we will
discuss our approach to managing patients needing to cease
immunosuppression before day +100; those receiving a post-
transplant maintenance therapy; elderly patients, particularly
those aged ≥60 years; those receiving an immune checkpoint
inhibitor or autologous hematopoietic cell transplant before
HCT; and those undergoing transplantation for a nonmalignant
disorder. For a historical overview of major GVHD prophylaxis
regimens for patients at high risk for GVHD, see Figure 1.

Case 1
A 68-year-old African American female with FLT3-internal tan-
dem duplication (ITD) mutant acute myeloid leukemia (AML)
had persistent measurable residual disease via FLT3-ITD poly-
merase chain reaction despite induction chemotherapy with
daunorubicin, cytarabine, and midostaurin and 1 cycle of con-
solidative high-dose cytarabine plus midostaurin and was
referred for consideration for HCT. In terms of her immediate
family, both parents were deceased, and she had no children or
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1980 1990 2000 2010 2020

1986: CSA/MTX for
MSD HCT85

1998: Tac/MTX for
MSD HCT86

1987: Low dose Cy/Steroids
for matched HCT, Santos et al

2010: Single agent PTCy
for MA matched-BMT89

2014: PTCy/MMF/Tac for
NMA haplo-PBSCT146,147

2019: BMT CTN 1203 – PTCy
outperforms maraviroc and

bortezomib for NMA
matched-HCT4

2021: PTCy/MMF/Siro for
NMA MMUD HCT7; BMT
CTN 1301 – single agent

PTCy is equivalent to
Tac/MTX for MA matched

BMT19

2012: PTCy/Tac/MMF/ATG
for NMA haplo-BMT for

non-malignant disease127;
PTCy/Tac/MMF for MA

haplo-PBSCT145

2008:
PTCy/MMF/Tac for
NMA haplo-BMT8

1998: Ex vivo CD34+
selection144

2017:  T cell and B-cell
depletion for haplo-HCT149

2019: CSA/Siro/MMF for
NMA MUD HCT88

2014: Tac/Siro for matched
BMT148

2009: ATG for MUD HCT50

Red: Cyclophosphamide/PTCy
Blue: Calcineurin inhibitor
Green: Ex vivo graft manipulation
Purple: ATG
Orange: Abatacept

2021: Abatacept/CNI/MTX for
MA MMUD HCT48;

CSA/Siro/MMF for MMUD
HCT49

Figure 1. Timeline of major GVHD prophylaxis strategies for high-risk patients undergoing allogeneic hematopoietic cell transplantation.50,144-149 CSA, cyclosporin;
Cy, cyclophosphamide; haplo-BMT, HLA-haploidentical bone marrow transplantation; MSD, matched sibling donor; PBSCT, peripheral blood stem cell transplantation; Siro,
sirolimus; Tac, tacrolimus.
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siblings. Three cousins were HLA typed and found to be
disparate to the patient. An unrelated donor search revealed no
HLA-matched donors but 1 donor with a 9/10 HLA. The patient
proceeded with a peripheral blood HCT with nonmyeloablative
(NMA) conditioning per Luznik et al8 and posttransplant immu-
nosuppression consisting of PTCy, mycophenolate mofetil
(MMF), and sirolimus as per Kasamon et al.9 Although she ach-
ieved neutrophil and platelet engraftment on days +24 and +27,
her hemoglobin and platelet count remained persistently low
through day +90, hovering around 8 g/dL and 40 000/μL. A
day +90, bone marrow biopsy revealed no morphologic evi-
dence of leukemia; persistence of the FLT3-ITD mutation at a
variant allele frequency of 1.1% and 99% donor chimerism.
Peripheral blood at day +90 showed 96% donor engraftment of
the CD3+ cells and 94% engraftment of the donor CD34+ cells.
Sirolimus was stopped and sorafenib 200 mg daily was started.
Counts improved and day +180 and day +360 bone marrow
biopsies reported morphologic remission without presence of
the FLT3-ITD mutation and 100% donor engraftment in the
CD3+ and CD33+ compartments. The patient currently remains
in a minimal residual disease-negative remission 16 months after
transplantation and continues on maintenance sorafenib with
mild gastrointestinal side effects. She will continue the sorafenib
for at least 2 years posttransplant.

Case 1 discussion
Patient 1 is at high risk for GVHD because of the use of a MMUD
graft, age of 68 years, and her need for early cessation
of immunosuppression to facilitate improvement in persistent
mild cytopenias and allow early integration of posttransplant
maintenance. Additionally, the association between posttrans-
plant maintenance therapy with sorafenib and GVHD risk is
controversial.
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Discovery of PTCy and associated toxicities The prob-
ability of finding an HLA-matched donor in the US Be the Match
registry is much lower for African American patients (19%)
compared with patients of White European descent (75%).10

This probability, however, increases to 76% for African Amer-
ican patients if 7/8 HLA-matched donors are included.10 Thus,
African American patients and other ethnic minorities are more
likely to be transplanted if MMUDs are considered, although this
donor source was traditionally associated with worse survival
and GVHD outcomes when compared with HLA-matched
donors in the context of tacrolimus and methotrexate-based
GVHD prophylaxis.10-15 To improve outcomes with HLA-
mismatched HCT, the Hopkins group discovered that they
could induce tolerance of an HLA-mismatched graft by admin-
istering PTCy.8,16 Several studies have now demonstrated that
survival with haplo-HCT with PTCy is similar to that after HLA-
matched HCT with traditional GVHD prophylaxis.2,3,5,17,18 For
more information on immune reconstitution and the risk of
relapse after PTCy, refer to the following cited manuscripts.4,19,20

Several unique toxicities have been documented after PTCy-
based HCT (supplemental Table 1, available on the Blood
Web site). After PTCy-based haplo-HCT using a peripheral
blood graft, fever and cytokine release syndrome have been
documented as early adverse effects often occurring before
day +10, although these are felt to be related to the intense
alloreactivity occurring as a result of the HLA mismatch between
donor and recipient or use of myeloablative conditioning.21-23

Given its effects on T-cell reconstitution, PTCy-based HCT has
been shown to be associated with an increased incidence of
cytomegalovirus infections compared with a calcineurin inhibi-
tor (CNI)-based HCT, although this increased incidence of
cytomegalovirus infections has not led to worse survival
RIMANDO et al
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outcomes compared with other GVHD prophylaxis strategies in
randomized clinical trials.19,24-26 Although PTCy-based HCT has
been associated with significant rates of hemorrhagic cystitis, this
risk can be effectively mitigated with the use of infusional sodium
2-mercaptoethanesulfonate.27-30 Although cyclophosphamide
has been historically associated with increased rates of cardiac
toxicity, results are inconclusive as to whether PTCy-basedHCT is
associated with an increased rate of cardiac toxicity.31-33 Finally,
in a retrospective study of PTCy-based HCT, rates of transplant-
associated thrombotic microangiopathy were low and similar to
non-PTCy-based HCT.34,35 Overall, PTCy-based HCT has an
acceptable toxicity profile, and adverse events can be mitigated
with close monitoring and appropriate preventative measures.
An early-phase clinical trial is currently under way evaluating
whether a reduced dose of PTCy can effectively mitigate asso-
ciated toxicities andprovide a similar level ofGVHDprevention.36

Modern approaches to GVHD prophylaxis for MMUD
HCT Given the success of PTCy in haplo-HCT, PTCy was
further evaluating in other donor sources such asMMUDs.7,9,37-39

The National Donor Marrow Program sponsored a phase 2 trial
evaluating PTCy, sirolimus, andMMF for GVHDprophylaxis in 80
patients undergoing MMUD-HCT with a bone marrow graft.7

Patients receiving myeloablative (MA) conditioning had a grade
3-4 acute GVHD (aGVHD) rate of 18% at day +100, a chronic
GVHD (cGVHD) rate of 36% at 1 year, and anNRM rate of 8% at 1
year, whereas those receivingRIChad rates of 0%, 18%, and10%,
respectively.7

With survival after HLA-mismatched HCT with PTCy rivaling that
after HLA-matched HCT, many wonder whether PTCy has
nullified the detrimental effect of HLA mismatch.40-45 As such,
the association of HLA-mismatched with GVHD has been
examined in patients receiving haplo-HCT with PTCy where
class II mismatching at HLA-DRB1 and HLA-DPB1 reduced
relapse without increasing GVHD.46 Additionally, HLA-C
mismatch in the graft-versus-host direction was associated
with an increased risk of cGVHD. Although these results are very
exciting, further prospective studies are needed to assess the
impact of individual HLA mismatches on GVHD.

Other advances in HLA-mismatched HCT include abatacept, a
modified antibody inhibiting the T-cell costimulatory axis of
CD28-CD80/86, and triple immunosuppression with tacrolimus,
sirolimus, and MMF.47 A recent phase 2 trial demonstrated that
abatacept, a CNI, and methotrexate (MTX) was associated with
reduced aGVHD and NRM in MMUD-HCT patients when
compared with a historical cohort receiving a CNI and MTX
alone.48 Additionally, a phase 1/2 trial of triple immunosup-
pression with tacrolimus, sirolimus, and MMF for MMUD-HCT
reported improved aGVHD, NRM, and overall survival (OS)
but similar cGVHD in comparison with patients on a previous
study of cyclosporine and MMF for MMUD HCT.49 Although
modification may be needed to reduce cGVHD rates, these 2
regimens exhibit promising results in terms of aGVHD and NRM
prevention, and further study is warranted.

Given that antithymocyte globulin (ATG) has been previously
reported to effectively prevent GVHD in MUD and MMUD HCT,
several groups have compared outcomes between ATG and
PTCy in MMUD-HCT.50-54 These retrospective studies have
consistently demonstrated reductions in GVHD and improved
HOW I TREAT GVHD IN HIGH-RISK PATIENTS
survival outcomes with PTCy.52-54 Based on these studies, our
preference is to use PTCy, MMF, and a CNI for GVHD pro-
phylaxis for MMUD HCT. However, comparative studies of
abatacept, ATG, and PTCy for MMUD HCT are needed, and
studies combining abatacept or JAK inhibition and PTCy are
currently under way.55,56

Elderly patients undergoing HCT Patient age is an
important risk factor for HCT and negatively affects out-
comes.57,58 However, PTCy may represent a beneficial pro-
phylaxis strategy for older patients given its association with low
GVHD and NRM rates. In the era of RIC haplo-HCT with PTCy,
Kasamon et al evaluated outcomes in patients aged 50 to 75
years and reported that age was not associated with grade 3-4
aGVHD, cGVHD, NRM, relapse, relapse-free survival, or OS.59

Additional reports demonstrate haplo-HCT with PTCy to be
feasible in patients aged >60 or even 70 years.60,61 Several
studies have reported no difference in NRM or OS between
haplo-HCT with PTCy and HLA-matched HCT with traditional
GVHD prophylaxis aged ≥60 years.62-64 In contrast, 2 studies
have reported improved OS and reduced relapse associated
with HLA-matched HCT, although HLA-matched HCT patients
in these studies had higher percentages of peripheral blood
grafts, which is associated with reduced relapse compared with
bone marrow grafts.65-67 Many of these studies report lower
incidences of aGVHD and cGVHD associated with PTCy-based
haplo-HCT.63-66 Overall, RIC HCT with PTCy may represent a
feasible strategy to limit NRM and GVHD in patients 60 years of
age or older, but further prospective studies are needed.

Posttransplant immunosuppression duration Several
early studies attempted to define the ideal duration for post-HCT
cyclosporin but provide conflicting results as to whether shorter
or longer courses led to reduced GVHD and/or mortality.68-72 In
light of PTCy’s ability to reduce the incidence of GVHD and
NRM, the issue of duration of immunosuppression has been
revisited. In prospective, single-center trials, patients receiving
an NMA haplo-HCT with a bone marrow graft (n = 105) or
peripheral blood graft (n = 117) were prespecified to stop
tacrolimus at day +90 or day +60 if they had ≥5% donor T cells,
no relapse, and no grade 2-4 aGVHD or significant cGVHD.73,74

In both studies, GVHD and NRM rates of the patients stopping
immunosuppression early were highly comparable to historical
cohorts of patients stopping immunosuppression at day
+180.73,74 Although these data are limited, given our clinical
experience, we often stop CNI immunosuppression as early as
day +60 after a bone marrow transplant and day +90 after a
peripheral blood transplant in patients without evidence of
GVHD to limit associated toxicities or integrate posttransplanta-
tion maintenance therapeutics, similar to the patient in case 1.

Posttransplant maintenance therapies As data emerge
on posttransplant maintenance strategies, questions also arise as
to each agent’s potential to exacerbate GVHD or other post-
transplant complications.75,76 Although the phase 2 Radius trial
reported no increased aGVHD or cGVHD associated with post-
transplant midostaurin, the SORMAIN trial did report higher rates
of aGVHD (24% vs 18.2%) and cGVHD (62% vs 46%) associated
with posttransplant sorafenib, although these differences were
not statistically compared.77,78 A phase 3 study (BMT CTN 1506)
evaluating gilteritinib for posttransplant maintenance for FLT3-
mutated AML patients has completed accrual, and we are
5 JANUARY 2023 | VOLUME 141, NUMBER 1 51
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awaiting the final results. However, based on clinical experience,
gilteritinib does not appear to exacerbate GVHD. A phase 3
study of posttransplant maintenance with azacitidine for high-risk
patients with AML and myelodysplastic syndrome (MDS)
reported no difference in aGVHD or cGVHD.79 In retrospective
studies of patients with chronic myeloid leukemia and Philadel-
phia chromosome positive B-cell acute lymphoblastic leukemia,
posttransplant use of a BCR-ABL targeted tyrosine kinase inhib-
itor was not associated with an increase in cGVHD or TRM.80-82

Blinatumomab, IDH inhibitors, and ibrutinib are also currently
being evaluated.83,84 Overall, posttransplant maintenance
remains a nascent field, and further data are needed to under-
stand the effects of these therapies on GVHD risk.

Case 2
A 33-year-old White woman with relapsed classical Hodgkin
lymphoma (HL) after treatment with Adriamycin, bleomycin,
vinblastine, and dacarbazine; brentuximab vedotin, and car-
mustine, etoposide, cytarabine, and melphalan autologous
hematopoietic stem cell transplant (auto-HCT) was treated with
single-agent nivolumab and achieved a complete remission after
2 cycles. She was subsequently referred for consolidative HCT.
Regarding the patient’s family, she was adopted and had no
knowledge of her immediate or extended biological family. A
MMUD search was initiated and 2 10/10 donors were found. The
patient proceeded with an NMAMUDHCT using a bone marrow
graft. For GVHD prophylaxis, she received PTCy followed by
MMF and tacrolimus. Her course was complicated by methicillin-
resistant Staphylococcus aureus bacteremia, and she achieved
neutrophil and platelet engraftment on days +19 and +24,
respectively. On day +35, her MMF was discontinued. On
day +56, she developed grade 2 aGVHD of the skin and lower
gastrointestinal tract, which resolved with topical and systemic
steroids that were tapered off by day +90. Chimerism evaluations
at day +90, +180, and +360 report 100% donor engraftment of
the CD3+ and CD33+ compartments. The patient is now
21 months from her HCT and remains in complete remission.

Case 2 discussion
This patient is at high risk for GVHD given her use of checkpoint
inhibition before transplantation and her heavy pretreatment,
including a prior autologous HCT. Additionally, given that she
received a MUD HCT, she has several options for GVHD
prophylaxis.

Modern approaches to GVHD prophylaxis for MUD
HCT Historically, a CNI with MTX represents the most
commonly used regimen for GVHD prophylaxis in patients
receiving a MUD HCT, although the rates of aGVHD and cGVHD
associated with this regimen range between 30% to 50% and
30% to 70%, respectively.85-87 In an attempt to improve on
these results, BMT CTN 1203 treated patients undergoing a RIC
HLA-matched HCT with tacrolimus, MMF, and PTCy; tacrolimus,
MTX, and bortezomib; or tacrolimus, MTX, and maraviroc and
compared their outcomes to a historical cohort of patients
receiving CNI and MTX.4 Of the 3 study regimens, only tacro-
limus/MMF/PTCy outperformed CNI/MTX in terms of improved
GVHD-free, relapse-free survival, reduced grade 3-4 aGVHD,
and reduced cGVHD requiring immunosuppression. PTCy/
MMF/tacrolimus and tacrolimus/MTX are now being compared
in a phase 3 trial of patients undergoing RIC HCT with a
52 5 JANUARY 2023 | VOLUME 141, NUMBER 1
peripheral blood graft (BMT CTN 1703). Apart from PTCy, a
phase 3 trial published in 2019 compared cyclosporine/MMF
with cyclosporine/MMF/sirolimus in RIC MUD HCT and reported
lower rates of grade II-IV aGVHD and NRM along with improved
OS.88 Based on these data, we consider tacrolimus/MMF/PTCy
or cyclosporine/MMF/sirolimus for patients undergoing RIC
MUD HCT at high risk for GVHD, although we eagerly await
future comparisons between the 2 regimens.

In the setting of MA MUD HCT with bone marrow grafts, PTCy
as a single agent has also demonstrated favorable GVHD and
survival outcomes.19,89-91 In a recently published phase 3 trial,
single-agent PTCy and ex vivo CD34+ selection, 2 calcineurin-
free GVHD prophylaxis regimens, were compared with tacroli-
mus/MTX for patients with acute leukemia or MDS undergoing
MA MUD or matched-related HCT.19 Bone marrow grafts were
used with PTCy and tacrolimus/MTX, whereas peripheral blood
grafts were used with ex vivo CD34+ selection. Compared with
tacrolimus/MTX, single-agent PTCy had a nonsignificant higher
rate of cGVHD-free, relapse-free survival, and a nonsignificant
lower rate of cGVHD. Based on these findings, single-agent
PTCy is a viable regimen to consider for prophylaxis of
patients undergoing MA MUD HCT with a bone marrow graft,
although we prefer to combine a CNI with PTCy to further
reduce severe aGVHD and cGVHD rates.19,89,91-93 In studies
evaluating peripheral blood transplantation, single-agent PTCy
has been associated with high rates of GVHD, and additional
immunosuppressive agents are needed to mitigate this risk.94,95

If aGVHD does develop after single-agent PTCy, it can be
rapidly progressive and may require a combination of steroids
plus a CNI for treatment.96

JAK inhibition also represents an emerging strategy for GVHD
prophylaxis, with promising data seen in small, initial studies of
patients transplanted for myelofibrosis and acute leuke-
mia.56,97-100 Phase 1 clinical trials are evaluating both ruxolitinib
and the JAK1-specific inhibitor itacitinib in the peritransplant
setting for GVHD and cytokine release syndrome prophylaxis
(NCT03320642, NCT03755414).56,100 Given their promise for
primary GVHD prevention, JAK inhibitors may eventually reduce
or even replace the use of traditional postgrafting immunosup-
pressants such as CNIs and MMF.

Pretransplant checkpoint inhibition and auto-HCT as
risk factors for GVHD and prophylaxis strategies Initial
studies evaluating transplant outcomes after pretransplant use of
CPI reported higher than expected rates of grade 3-4 aGVHD
(17%-29%) and GVHD-related mortality (9%-35%).73,101-103

Based on these data, HCT after CPI was felt to be risky, and
the US Food and Drug Administration added a warning and
precautions statement for complications after HCT in the pre-
scribing information for nivolumab.104 In contrast, several studies
demonstrated that PTCy may effectively mitigate the excess
GVHD risk associated with pretransplant CPI use. Among
patients with myeloid malignancies, a retrospective study of
patients receiving CPI before HCT for AML or MDS reported a
trend toward reduced grade 3-4 aGVHD and 1-year NRM for
patients receiving PTCy vs not.105 Two retrospective studies
compared outcomes of patients with HL receiving vs not
receiving CPI before NMA haplo-HCT with PTCy and reported
similar rates of aGVHD, cGVHD, NRM, and OS.106,107 In the
largest and most recent of these studies, Merryman et al
RIMANDO et al
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retrospectively evaluated 209 patients with classical HL receiving
HCT after checkpoint blockade.108 In comparison with patients
receiving non-PTCy-based GVHD prophylaxis, those receiving
PTCy had improved GVHD-free, relapse-free survival, and
reduced cGVHD.108 Additionally, the patients receiving a HCT
with PTCy had improved OS compared with those receiving a
non-PTCy regimen.108 Based on these impressive data, we favor
use of a PTCy-based GVHD prophylaxis regimen for patients
undergoing HLA-matched HCT after treatment with a CPI.

Auto-HCT before an HCT may also be associated with a higher
risk of NRM and GVHD.109,110 However, this risk is mitigated by
using RIC or NMA conditioning rather than MA.111-114 With the
advent of PTCy, a European group performed a retrospective
analysis comparing outcomes between patients receiving
matched-donor HCT vs haplo-HCT with PTCy to treat HL
relapsing after auto-HCT.115 The matched donor HCT recipients
and haplo-HCT recipients had similar rates of grade 2-4 aGVHD
and grade 3-4 aGVHD, whereas the haplo-HCT recipients had a
much lower rate of moderate-to-severe cGVHD.115 Based on
these studies, we would recommend RIC for patients undergoing
HCT after auto-HCT and believe that PTCy is a very valuable
strategy to further reduce cGVHD in this population.

Bone marrow vs peripheral blood grafts for PTCy-
based HCT Among patients receiving PTCy for GVHD pro-
phylaxis, 3 registry-based studies have compared outcomes
between patients receiving a bone marrow or peripheral blood
graft, with increases in aGVHD and/or cGVHD demonstrated
with the latter.67,116,117 Im et al further explored this question in
the context of conditioning intensity.117 When patients were
divided into MA and RIC groups and analyzed separately, graft
source was not associated with aGVHD.117 However, in patients
receiving RIC, peripheral blood grafts were associated with an
increase in cGVHD.117 Although none of the studies reported an
association between graft source andOS, Bashey et al reported a
lower rate of relapse with peripheral blood grafts.67 However,
relapse reduction has not been demonstrated in lymphoma
patients, and thus we used a bone marrow graft for case 2.

Haploidentical vs matched donors for HL Several studies
have compared haplo vs HLA-matched HCT for HL. In the first of
these studies by Burrows et al, haplo-HCT was associated
reduced NRM, improved progression-free survival, and reduced
relapse when compared with HLA-matched HCT.118 In a retro-
spective analysis of 198 patients with HL, haplo-HCT vs an HLA-
matched HCT was associated with improved relapse-free
survival and a reduction of relapse.119 No statistically signifi-
cant differences in GVHD were noted for either study.118,119

Additionally, only the haplo-HCT patients received PTCy in
both studies.118,119 Although increased alloreactivity and an
improved graft-versus-malignancy effect may explain the
improvement in survival outcomes associated with haplo-HCT,
PTCy (and not donor source) may also explain the improved
survival outcomes given its efficacy at preventing GVHD,
particularly in a heavily CPI-treated population. Further pro-
spective studies are needed to tease out this distinction.

Case 3
A 21-year-old African American male with sickle cell disease
(hemoglobin SS) initiated treatment with hydroxyurea at age
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12 years because of recurrent vaso-occlusive crises. Despite
excellent adherence with hydroxyurea, he suffered from 5 epi-
sodes of acute chest syndrome requiring intensive care unit
admission over 7 years. After several conversations with his
longitudinal hematologist, the HCT team, and his family, the
patient decided to proceed with HCT.

The patient’s immediate family consisted of a 47-year-old father
and a 46-year-old mother. The patient had no siblings but did
have 2 aunts and 1 uncle, aged 33, 34, and 38 years, respec-
tively. His 34-year-old aunt and 38-year-old uncle possessed
sickle cell trait. HLA typing revealed that his father, mother,
33-year-old aunt, and 38-year-old uncle all shared 1 HLA
haplotype. Class 1 and 2 screens for donor-specific antibodies
were negative. The patient proceeded with NMA, hap-
loidentical bone marrow transplantation from his 33-year-old
aunt. He received rabbit ATG 0.5 mg/kg on days −9 to −7;
fludarabine on days −6 to −2; cyclophosphamide on days −6 and
−5; and 400 cGy of total body irradiation on day −1.120 The
patient received cyclophosphamide on days +3 and +4 in addi-
tion to tacrolimus and MMF starting on day +5. His transplant
course was complicated by a pain crisis starting on day −7 during
the conditioning period. He achieved neutrophil and platelet
engraftment on days +25 and +31, respectively. Donor bone
marrow myeloid chimerism was 66% and 73% at day +90 and
day +180, respectively. Two years posttransplant, he remains pain
free off of hydroxyurea and opiates and has not experienced any
vaso-occlusive crises, episodes of acute coronary syndrome, or
other sickle cell-related complications.

Case 3 discussion
Given that the patient is being transplanted for a benign
hematologic disorder, he does not benefit from the graft-versus-
malignancy effect, thus the goal of reducingGVHD is paramount.
Additionally, second-degree relative HLA-haploidentical donors
represent an emerging donor source for haplo-HCT, and their
association with clinical outcomes has not been characterized
until relatively recently.

Haplo-HCT with PTCy for benign hematologic disorders
and primary immunodeficiencies Despite favorable out-
comes with HLA-matched HCT, many sickle cell and hemoglo-
binopathy patients, including those of African descent, lack
access to matched donors.10,121-126 With the advent of PTCy as
viable strategy to prevent GVHD and facilitate HLA-mismatched
transplantation, several studies subsequently evaluated the use
of haplo-HCT with PTCy in patients with sickle cell dis-
ease.120,127-131 Bolaños-Meade et al reported low rates of GVHD
and NRM with the use of haplo-HCT with a bone marrow graft;
ATG, fludarabine, cyclophosphamide, and 200 cGy total body
irradiation (TBI) for conditioning; and PTCy/MMF/CNI for GVHD
prophylaxis.127 A follow-up study reported that increasing the
TBI from 200 to 400 cGy improved engraftment rates from 78%
to 94%, with a 29% rate of aGVHD, an 18% rate of cGVHD, and
100% OS.120 Additional studies used alemtuzumab and low-
dose TBI or thiotepa-based regimens for conditioning and
reported promising results.128,130 PTCy has also been shown to
be a feasible strategy for GVHD prophylaxis in primary immu-
nodeficiencies other benign hematologic disorders, including
aplastic anemia, Fanconi anemia, and thalassemia.120,132-139

Among patients with relapsed/refractory severe aplastic anemia,
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Arcuri et al reported that increasing the conditioning dose of
cyclophosphamide from 14.5mg/kg per day to 25mg/kg per day
and/or increasing the TBI dose above 200 cGy led to improve-
ments in event-free survival.139 In the field of primary immuno-
deficiencies, Dimitrova et al transplanted 20 such patients using a
radiation-free, serotherapy-free RIC regimenwith PTCy, sirolimus,
and MMF and reported a low incidence of aGVHD, no cases of
cGVHD, and a 1-yearOS rate of 90%.135 Althoughwe believe that
haplo-HCT with PTCy is an important strategy to facilitate access
to transplantation for patients with benign hematologic disorders
and primary immune deficiencies, further research is needed to
define the best regimen that facilitates engraftment and limits
NRM.

HLA-mismatched HCT with non–first-degree relatives
Most of the haplo-HCT literature used first degree relatives as
donors, but if second- or greater-degree HLA-haploidentical rel-
atives could also be used, this could expand the donor pool
further, particularly for patients who lack an HLA-haploidentical
first-degree relative donor. Given the negative association
between donor age and outcomes, use of second-degree relative
haploidentical donors could also allow preferential selection of
younger donors, particularly if recipients only had older first-
degree relative haploidentical donors.57,140,141 A study
combining data from a prospective clinical trial (n = 15) and a
retrospectively treated cohort (n = 18) reported similar outcomes
after transplanting patients using HLA-haploidentical second- or
third-degree relative HCT compared with historical data for first-
degree relative haplo-HCT.6 Our institutional preference is to
pick the youngest donor when multiple first- and/or second-
degree haploidentical donors are available, but more studies are
needed.57,140,141

Future directions: GVHD biomarkers
Although they are not in routine clinical use, biomarkers have
shown promise as another method to identify patients at high
risk of GVHD early after HCT. Multiple protein biomarkers have
been demonstrated to predict of outcomes in patients diag-
nosed with GVHD, but need further validation in terms of their
ability to predict GVHD development.142 In the setting of PTCy-
based HCT, day +30 levels of interleukin-2Rα, tumor necrosis
factor-1, ST2, and REG3α predicted NRM, and day +30 inter-
leukin-2Rα level was associated with future development of
aGVHD.143 Additionally, in our report of patients undergoing
HCT with PTCy, combined elevations in effector CD4+ con-
ventional T cells and soluble CXCL9 at day +28 were predictive
of the future development of aGVHD.20 Although further study
is warranted to validate these findings, predictive biomarkers
54 5 JANUARY 2023 | VOLUME 141, NUMBER 1
may allow physicians to adjust the duration of a patient’s GVHD
prophylaxis regimen and further improve risk-adapted strate-
gies for HCT recipients.

Conclusions
PTCy has not only expanded the donor pool by facilitating
haplo-HCT, it has also proven to be an effective strategy to pre-
vent GVHD in patients undergoing MMUD HCT; age ≥60 years;
needing to stop immunosuppression before day +100; receiving
CPI or auto-HCT before HCT; and undergoing HCT for a
nonmalignant condition. We anticipate that with further study,
the implementation of PTCy will expand to conventional allog-
rafting using HLA-matched donors. Additionally, several novel
approaches have the potential to further reduce GVHD and
NRM, such as abatacept, JAK inhibitors, or biomarker-driven
adaptive strategies. As such, we expect that GVHD prophylaxis
will continue to evolve and improve outcomes for a wider popu-
lation of HCT recipients.
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Single antigen-mismatched unrelated
hematopoietic stem cell transplantation
using high-dose post-transplantation
cyclophosphamide is a suitable alternative
for patients lacking HLA-matched donors.
Biol Blood Marrow Transplant. 2018;
24(6):1196-1202.

38. Al Malki MM, Tsai NC, Palmer J, et al.
Efficacy of post-transplant
cyclophosphamide as graft-versus-host
JANUARY 2023 | VOLUME 141, NUMBER 1 55

http://refhub.elsevier.com/S0006-4971(22)00509-2/sref4
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref4
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref4
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref4
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref5
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref5
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref5
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref5
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref5
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref6
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref6
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref6
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref6
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref6
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref6
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref7
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref7
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref7
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref7
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref7
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref7
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref7
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref8
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref8
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref8
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref8
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref8
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref8
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref8
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref9
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref9
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref9
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref9
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref9
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref10
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref10
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref10
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref10
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref11
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref11
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref11
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref11
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref12
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref12
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref12
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref12
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref12
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref13
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref13
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref13
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref13
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref13
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref14
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref14
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref14
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref14
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref14
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref15
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref16
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref16
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref16
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref16
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref16
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref16
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref17
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref17
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref17
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref17
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref17
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref17
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref18
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref18
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref18
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref18
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref18
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref19
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref20
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref20
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref20
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref20
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref20
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref21
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref21
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref21
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref21
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref21
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref21
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref22
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref22
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref22
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref22
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref22
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref23
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref23
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref23
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref23
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref23
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref24
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref24
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref24
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref24
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref24
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref25
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref26
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref26
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref26
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref26
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref26
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref26
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref26
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref27
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref27
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref27
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref27
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref27
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref28
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref28
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref28
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref28
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref28
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref28
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref28
https://doi.org/10.1016/j.htct.2020.09.149
https://doi.org/10.1016/j.htct.2020.09.149
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref30
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref30
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref30
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref30
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref30
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref30
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref31
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref31
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref31
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref31
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref31
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref31
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref32
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref32
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref32
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref32
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref32
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref33
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref33
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref33
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref33
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref33
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref33
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref34
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref34
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref34
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref34
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref34
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref34
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref35
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref35
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref35
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref35
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref36
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref36
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref36
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref36
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref36
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref36
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref37
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/1/49/2073207/blood_bld-2021-015129-m

ain.pdf by guest on 08 M
ay 2024
disease prophylaxis after peripheral blood
stem cell HLA-mismatched unrelated donor
hematopoietic cell transplantation; a
prospective pilot trial [abstract]. Blood.
2020;136(suppl 1). Abstract 49-50.

39. Rappazzo KC, Zahurak M, Bettinotti M, et al.
Nonmyeloablative, HLA-mismatched
unrelated peripheral blood transplantation
with high-dose post-transplantation
cyclophosphamide. Transplant Cell Ther.
2021;27(11):909.e1-909.e6.

40. Kasamon YL, Luznik L, Leffell MS, et al.
Nonmyeloablative HLA-haploidentical bone
marrow transplantation with high-dose
posttransplantation cyclophosphamide: effect
of HLA disparity on outcome. Biol Blood
Marrow Transplant. 2010;16(4):482-489.

41. Raiola AM, Risitano A, Sacchi N, et al.
Impact of HLA disparity in haploidentical
bone marrow transplantation followed by
high-dose cyclophosphamide. Biol Blood
Marrow Transplant J Am Soc Blood Marrow
Transplant. 2018;24(1):119-126.

42. Rashidi A, DiPersio JF, Westervelt P, et al. HLA
disparity is not inconsequential in peripheral
blood T-replete haploidentical hematopoietic
stem cell transplantation. Bone Marrow
Transplant. 2016;51(9):1275-1278.

43. Rimando J, Slade M, DiPersio JF, et al. HLA
epitope mismatch in haploidentical
transplantation is associated with decreased
relapse and delayed engraftment. Blood
Adv. 2018;2(24):3590-3601.

44. Solomon SR, Aubrey MA, Zhang X, et al.
Selecting the best donor for haploidentical
transplant: impact of HLA, KIR genotyping,
and other clinical variables. Biol Blood
Marrow Transplant. 2018;24(4):789-798.

45. Rimando J, Slade M, DiPersio JF, et al. The
Predicted Indirectly Recognizable HLA
Epitopes (PIRCHE) score for HLA class i
graft-versus-host disparity is associated with
increased acute graft-versus-host disease in
haploidentical transplantation with post-
transplantation cyclophosphamide. Biol
Blood Marrow Transplant. 2020;26(1):
123-131.

46. Fuchs EJ, McCurdy SR, Solomon SR, et al.
HLA informs risk predictions after
haploidentical stem cell transplantation with
post-transplantation cyclophosphamide.
Blood. 2022;139(10):1452-1468.

47. Via CS, Rus V, Nguyen P, Linsley P,
Gause WC. Differential effect of CTLA4Ig on
murine graft-versus-host disease (GVHD)
development: CTLA4Ig prevents both acute
and chronic GVHD development but
reverses only chronic GVHD. J Immunol.
1996;157(9):4258-4267.

48. Watkins B, Qayed M, McCracken C, et al.
Phase II trial of costimulation blockade with
abatacept for prevention of acute GVHD.
J Clin Oncol. 2021;39(17):1865-1877.

49. Kornblit B, Storer BE, Andersen NS, et al.
Sirolimus with CSP and MMF as GVHD
prophylaxis for allogeneic transplantation
with HLA antigen-mismatched donors.
Blood. 2020;136(13):1499-1506.
56 5 JANUARY 2023 | VOLUME 141, NUM
50. Finke J, Bethge WA, Schmoor C, et al; ATG-
Fresenius Trial Group. Standard graft-
versus-host disease prophylaxis with or
without anti-T-cell globulin in
haematopoietic cell transplantation from
matched unrelated donors: a randomised,
open-label, multicentre phase 3 trial. Lancet
Oncol. 2009;10(9):855-864.

51. Walker I, Panzarella T, Couban S, et al;
Canadian Blood and Marrow Transplant
Group. Pretreatment with anti-thymocyte
globulin versus no anti-thymocyte globulin
in patients with haematological
malignancies undergoing haemopoietic cell
transplantation from unrelated donors: a
randomised, controlled, open-label, phase
3, multicentre trial. Lancet Oncol. 2016;
17(2):164-173.

52. Battipaglia G, Labopin M, Kröger N, et al.
Posttransplant cyclophosphamide vs
antithymocyte globulin in HLA-mismatched
unrelated donor transplantation. Blood.
2019;134(11):892-899.

53. Nykolyszyn C, Granata A, Pagliardini T, et al.
Posttransplantation cyclophosphamide vs.
antithymocyte globulin as GVHD prophylaxis
for mismatched unrelated hematopoietic
stem cell transplantation. Bone Marrow
Transplant. 2020;55(2):349-355.

54. Modi D, Kondrat K, Kim S, et al. Post-
transplant cyclophosphamide versus
thymoglobulin in HLA-mismatched
unrelated donor transplant for acute
myelogenous leukemia and myelodysplastic
syndrome. Transplant Cell Ther. 2021;
27(9):760-767.

55. Al-Homsi ASS, Cirrone F, Cole K, et al. Post-
Transplant Cyclophosphamide, Abatacept,
and Short Course of Tacrolimus
Combination (CAST) is safe and seems
highly effective in preventing graft-versus-
host disease following haploidentical
peripheral blood stem cell transplantation
[abstract]. Blood. 2021;138(suppl 1).
Abstract 3906.

56. Abboud R, Gao F, Rettig MP, et al. A single-
arm, open-label, pilot study of the JAK1
selective inhibitor itacitinib for the
prophylaxis of graft-versus-host disease and
cytokine release syndrome in T-cell replete
haploidentical peripheral blood
hematopoietic cell transplantation [abstract].
Blood. 2021;138(suppl 1). Abstract 100.

57. McCurdy SR, Zhang MJ, St Martin A, et al.
Effect of donor characteristics on
haploidentical transplantation with
posttransplantation cyclophosphamide.
Blood Adv. 2018;2(3):299-307.

58. Bhatt VR, Wang T, Chen K, et al. Chronic
graft-versus-host disease, nonrelapse
mortality, and disease relapse in older
versus younger adults undergoing matched
allogeneic peripheral blood hematopoietic
cell transplantation: a Center for
International Blood and Marrow Transplant
Research Analysis. Transplant Cell Ther.
2022;28(1):34-42.

59. Kasamon YL, Bolaños-Meade J, Prince GT,
et al. Outcomes of nonmyeloablative HLA-
haploidentical blood or marrow
BER 1
transplantation with high-dose post-
transplantation cyclophosphamide in older
adults. J Clin Oncol. 2015;33(28):3152-3161.

60. Ciurea SO, Shah MV, Saliba RM, et al.
Haploidentical transplantation for older
patients with acute myeloid leukemia and
myelodysplastic syndrome. Biol Blood
Marrow Transplant. 2018;24(6):1232-1236.

61. Imus PH, Tsai HL, Luznik L, et al.
Haploidentical transplantation using
posttransplant cyclophosphamide as GVHD
prophylaxis in patients over age 70. Blood
Adv. 2019;3(17):2608-2616.

62. Slade M, DiPersio JF, Westervelt P, Vij R,
Schroeder MA, Romee R. Haploidentical
hematopoietic cell transplant with post-
transplant cyclophosphamide and
peripheral blood stem cell grafts in older
adults with acute myeloid leukemia or
myelodysplastic syndrome. Biol Blood
Marrow Transplant. 2017;23(10):1736-1743.

63. Bashey ZA, Zhang X, Brown S, et al.
Comparison of outcomes following
transplantation with T-replete HLA-
haploidentical donors using post-transplant
cyclophosphamide to matched related and
unrelated donors for patients with AML and
MDS aged 60 years or older. Bone Marrow
Transplant. 2018;53(6):756-763.

64. Devillier R, Legrand F, Rey J, et al. HLA-
matched sibling versus unrelated versus
haploidentical related donor allogeneic
hematopoietic stem cell transplantation for
patients aged over 60 years with acute
myeloid leukemia: a single-center donor
comparison. Biol Blood Marrow Transplant.
2018;24(7):1449-1454.

65. Perales MA, Tomlinson B, Zhang MJ, et al.
Alternative donor transplantation for acute
myeloid leukemia in patients aged ≥50
years: young HLA-matched unrelated or
haploidentical donor? Haematologica.
2020;105(2):407-413.

66. Robinson TM, Fuchs EJ, Zhang MJ, et al;
Acute Leukemia Working Party of the
European Society for Blood and Marrow
Transplant and the Center for International
Blood and Marrow Transplant Research.
Related donor transplants: has
posttransplantation cyclophosphamide
nullified the detrimental effect of HLA
mismatch? Blood Adv. 2018;2(11):1180-1186.

67. Bashey A, Zhang MJ, McCurdy SR, 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 [published correction
appears in J Clin Oncol. 2019;37(6):528].
J Clin Oncol. 2017;35(26):3002-3009.

68. Storb R, Leisenring W, Anasetti C, et al.
Methotrexate and cyclosporine for graft-vs.-
host disease prevention: what length of
therapy with cyclosporine? Biol Blood
Marrow Transplant. 1997;3(4):194-201.

69. Kansu E, Gooley T, Flowers MED, et al.
Administration of cyclosporine for 24
months compared with 6 months for
prevention of chronic graft-versus-host
RIMANDO et al

http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref38
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref39
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref39
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref39
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref39
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref39
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref39
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref40
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref40
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref40
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref40
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref40
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref40
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref41
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref41
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref41
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref41
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref41
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref41
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref42
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref42
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref42
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref42
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref42
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref43
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref43
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref43
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref43
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref43
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref44
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref44
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref44
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref44
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref44
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref45
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref46
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref46
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref46
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref46
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref46
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref47
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref47
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref47
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref47
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref47
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref47
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref47
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref48
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref48
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref48
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref48
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref49
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref49
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref49
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref49
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref49
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref50
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref51
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref52
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref52
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref52
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref52
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref52
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref53
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref53
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref53
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref53
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref53
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref53
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref54
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref54
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref54
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref54
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref54
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref54
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref54
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref55
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref56
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref57
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref57
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref57
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref57
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref57
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref58
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref59
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref59
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref59
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref59
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref59
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref59
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref59
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref60
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref60
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref60
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref60
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref60
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref61
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref61
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref61
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref61
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref61
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref62
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref63
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref64
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref65
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref65
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref65
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref65
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref65
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref65
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref66
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref67
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref68
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref68
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref68
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref68
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref68
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref69
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref69
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref69
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref69


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/1/49/2073207/blood_bld-2021-015129-m

ain.pdf by guest on 08 M
ay 2024
disease: a prospective randomized clinical
trial. Blood. 2001;98(13):3868-3870.

70. Bacigalupo A, Maiolino A, Van Lint MT, et al.
Cyclosporin A and chronic graft versus host
disease. Bone Marrow Transplant. 1990;
6(5):341-344.

71. Mengarelli A, Iori AP, Romano A, et al. One-
year cyclosporine prophylaxis reduces the
risk of developing extensive chronic graft-
versus-host disease after allogeneic
peripheral blood stem cell transplantation.
Haematologica. 2003;88(3):315-323.

72. Burroughs L, Mielcarek M, Leisenring W,
et al. Extending postgrafting cyclosporine
decreases the risk of severe graft-versus-
host disease after nonmyeloablative
hematopoietic cell transplantation.
Transplantation. 2006;81(6):818-825.

73. Kasamon YL, Fuchs EJ, Zahurak M, et al.
Shortened-duration tacrolimus after
nonmyeloablative, HLA-haploidentical bone
marrow transplantation. Biol Blood Marrow
Transplant. 2018;24(5):1022-1028.

74. DeZern AE, Elmariah H, Zahurak M, et al.
Shortened-duration immunosuppressive
therapy after nonmyeloablative, related
HLA-haploidentical or unrelated peripheral
blood grafts and post-transplantation
cyclophosphamide. Biol Blood Marrow
Transplant. 2020;26(11):2075-2081.

75. Scott BL. Allogeneic stem cell
transplantation for high-risk acute leukemia
and maintenance therapy: no time to waste.
Blood Adv. 2020;4(13):3200-3204.

76. Soiffer RJ. Maintenance therapy for high-risk
acute leukemia after allogeneic
hematopoietic cell transplantation: wait a
minute. Blood Adv. 2020;4(13):3205-3208.

77. Maziarz RT, Levis M, Patnaik MM, et al.
Midostaurin after allogeneic stem cell
transplant in patients with FLT3-internal
tandem duplication-positive acute myeloid
leukemia. Bone Marrow Transplant. 2021;
56(5):1180-1189.

78. Burchert A, Bug G, Fritz LV, et al. Sorafenib
maintenance after allogeneic hematopoietic
stem cell transplantation for acute myeloid
leukemia with FLT3-internal tandem
duplication mutation (SORMAIN). J Clin
Oncol. 2020;38(26):2993-3002.

79. Oran B, de Lima M, Garcia-Manero G, et al.
A phase 3 randomized study of 5-azacitidine
maintenance vs observation after transplant
in high-risk AML and MDS patients
[published correction appears in Blood Adv.
2021;5(6):1755-1756]. Blood Adv. 2020;
4(21):5580-5588.

80. Bachanova V, Marks DI, Zhang MJ, et al. Ph+
ALL patients in first complete remission have
similar survival after reduced intensity and
myeloablative allogeneic transplantation:
impact of tyrosine kinase inhibitor and
minimal residual disease. Leukemia. 2014;
28(3):658-665.

81. Brissot E, Labopin M, Beckers MM, et al.
Tyrosine kinase inhibitors improve long-term
outcome of allogeneic hematopoietic stem
cell transplantation for adult patients with
HOW I TREAT GVHD IN HIGH-RISK PATIENTS
Philadelphia chromosome positive acute
lymphoblastic leukemia. Haematologica.
2015;100(3):392-399.

82. DeFilipp Z, Ancheta R, Liu Y, et al.
Maintenance tyrosine kinase inhibitors
following allogeneic hematopoietic stem cell
transplantation for chronic myelogenous
leukemia: a Center for International Blood and
Marrow Transplant Research Study.Biol Blood
Marrow Transplant. 2020;26(3):472-479.

83. Kebriaei P, Banerjee PP, Ganesh C, et al.
Blinatumomab is well tolerated maintenance
therapy following allogeneic hematopoietic
cell transplantation for acute lymphoblastic
leukemia. Blood. 2019;134(suppl 1):1298.

84. Fathi AT, Li S, Soiffer RJ, et al. A phase I
study of the IDH2 inhibitor enasidenib as
maintenance therapy for IDH2-mutant
myeloid neoplasms following hematopoietic
cell transplantation [abstract]. Blood.
2020;136(suppl 1). Abstract 4-5.

85. Storb R, Deeg HJ, Whitehead J, et al.
Methotrexate and cyclosporine compared
with cyclosporine alone for prophylaxis of
acute graft versus host disease after marrow
transplantation for leukemia. N Engl J Med.
1986;314(12):729-735.

86. Ratanatharathorn V, Nash RA, Przepiorka D,
et al. Phase III study comparing methotrexate
and tacrolimus (prograf, FK506) with
methotrexate and cyclosporine for graft-
versus-host disease prophylaxis after HLA-
identical sibling bone marrow transplantation.
Blood. 1998;92(7):2303-2314.

87. Nash RA, Antin JH, Karanes C, et al. Phase 3
study comparing methotrexate and
tacrolimus with methotrexate and
cyclosporine for prophylaxis of acute graft-
versus-host disease after marrow
transplantation from unrelated donors.
Blood. 2000;96(6):2062-2068.

88. Sandmaier BM, Kornblit B, Storer BE, et al.
Addition of sirolimus to standard
cyclosporine plus mycophenolate mofetil-
based graft-versus-host disease prophylaxis
for patients after unrelated non-
myeloablative haemopoietic stem cell
transplantation: a multicentre, randomised,
phase 3 trial. Lancet Haematol. 2019;6(8):
e409-e418.

89. Luznik L, Bolaños-Meade J, Zahurak M, et al.
High-dose cyclophosphamide as single-
agent, short-course prophylaxis of graft-
versus-host disease. Blood. 2010;115(16):
3224-3230.

90. Kanakry CG, Tsai HL, Bolaños-Meade J,
et al. Single-agent GVHD prophylaxis with
posttransplantation cyclophosphamide after
myeloablative, HLA-matched BMT for AML,
ALL, and MDS. Blood. 2014;124(25):
3817-3827.

91. Kanakry CG, O’Donnell PV, Furlong T, 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(31):3497-3505.
5

92. Ruggeri A, Labopin M, Bacigalupo A, 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(1):40.

93. Mielcarek M, Furlong T, O’Donnell PV, et al.
Posttransplantation cyclophosphamide for
prevention of graft-versus-host disease after
HLA-matched mobilized blood cell
transplantation. Blood. 2016;127(11):
1502-1508.

94. Bradstock KF, Bilmon I, Kwan J, et al. Single-
agent high-dose cyclophosphamide for
graft-versus-host disease prophylaxis in
human leukocyte antigen-matched reduced-
intensity peripheral blood stem cell
transplantation results in an unacceptably
high rate of severe acute graft- versus-host
disease. Biol Blood Marrow Transplant.
2015;21(5):941-944.

95. Holtick U, Chemnitz JM, Shimabukuro-
Vornhagen A, et al. OCTET-CY: a phase II
study to investigate the efficacy of post-
transplant cyclophosphamide as sole graft-
versus-host prophylaxis after allogeneic
peripheral blood stem cell transplantation.
Eur J Haematol. 2016;96(1):27-35.

96. Kanakry CG, Bolaños-Meade J, Kasamon YL,
et al. Low immunosuppressive burden
after HLA-matched related or unrelated
BMT using posttransplantation
cyclophosphamide. Blood. 2017;129(10):
1389-1393.

97. Kröger N, Shahnaz Syed Abd Kadir S,
Zabelina T, et al. Peritransplantation
ruxolitinib prevents acute graft-versus-host
disease in patients with myelofibrosis
undergoing allogenic stem cell
transplantation. Biol Blood Marrow
Transplant. 2018;24(10):2152-2156.

98. Zhao Y, Shi J, Luo Y, et al. Calcineurin
inhibitors replacement by ruxolitinib as
graft-versus-host disease prophylaxis for
patients after allogeneic stem cell
transplantation. Biol Blood Marrow
Transplant. 2020;26(5):e128-e133.

99. Zhang B, Chen L, Zhou J, et al. Ruxolitinib
early administration reduces acute GVHD
after alternative donor hematopoietic stem
cell transplantation in acute leukemia. Sci
Rep. 2021;11(1):8501.

100. Morozova EV, Barabanshikova MV,
Moiseev IS, et al. A prospective pilot study
of graft-versus-host disease prophylaxis with
post-transplantation cyclophosphamide and
ruxolitinib in patients with myelofibrosis.
Acta Haematol. 2021;144(2):158-165.

101. Merryman RW, Kim HT, Zinzani PL, et al.
Safety and efficacy of allogeneic
hematopoietic stem cell transplant after
PD-1 blockade in relapsed/refractory
lymphoma. Blood. 2017;129(10):1380-1388.

102. Ijaz A, Khan AY, Malik SU, et al. Significant
risk of graft-versus-host disease with
exposure to checkpoint inhibitors before
and after allogeneic transplantation. Biol
Blood Marrow Transplant. 2019;25(1):94-99.
JANUARY 2023 | VOLUME 141, NUMBER 1 57

http://refhub.elsevier.com/S0006-4971(22)00509-2/sref69
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref69
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref70
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref70
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref70
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref70
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref71
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref71
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref71
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref71
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref71
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref71
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref72
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref72
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref72
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref72
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref72
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref72
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref73
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref73
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref73
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref73
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref73
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref74
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref74
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref74
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref74
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref74
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref74
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref74
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref75
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref75
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref75
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref75
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref76
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref76
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref76
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref76
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref77
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref77
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref77
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref77
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref77
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref77
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref78
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref78
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref78
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref78
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref78
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref78
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref79
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref79
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref79
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref79
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref79
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref79
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref79
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref80
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref80
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref80
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref80
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref80
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref80
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref80
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref81
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref81
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref81
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref81
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref81
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref81
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref81
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref82
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref82
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref82
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref82
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref82
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref82
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref82
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref83
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref83
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref83
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref83
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref83
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref84
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref84
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref84
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref84
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref84
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref84
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref85
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref85
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref85
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref85
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref85
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref85
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref86
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref86
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref86
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref86
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref86
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref86
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref86
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref87
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref87
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref87
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref87
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref87
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref87
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref87
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref88
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref89
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref89
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref89
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref89
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref89
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref89
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref90
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref90
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref90
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref90
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref90
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref90
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref90
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref91
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref92
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref92
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref92
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref92
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref92
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref92
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref92
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref93
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref93
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref93
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref93
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref93
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref93
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref94
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref95
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref95
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref95
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref95
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref95
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref95
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref95
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref96
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref96
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref96
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref96
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref96
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref96
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref96
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref97
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref97
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref97
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref97
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref97
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref97
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref97
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref98
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref98
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref98
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref98
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref98
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref98
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref99
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref99
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref99
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref99
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref99
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref100
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref100
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref100
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref100
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref100
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref100
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref101
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref101
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref101
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref101
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref101
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref102
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref102
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref102
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref102
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref102


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/1/49/2073207/blood_bld-2021-015129-m

ain.pdf by guest on 08 M
ay 2024
103. Armand P, Engert A, Younes A, et al.
Nivolumab for relapsed/refractory classic
Hodgkin lymphoma after failure of
autologous hematopoietic cell
transplantation: extended follow-up of the
multicohort single-arm phase II CheckMate
205 Trial [published correction appears in J
Clin Oncol. 2018;36(26):2748]. J Clin Oncol.
2018;36(14):1428-1439.

104. Kasamon YL, de Claro RA, Wang Y, Shen YL,
Farrell AT, Pazdur R. FDA approval
summary: nivolumab for the treatment of
relapsed or progressive classical Hodgkin
lymphoma. Oncologist. 2017;22(5):585-591.

105. Oran B, Garcia-Manero G, Saliba RM, et al.
Posttransplantation cyclophosphamide
improves transplantation outcomes in
patients with AML/MDS who are treated
with checkpoint inhibitors. Cancer.
2020;126(10):2193-2205.

106. De Philippis C, Legrand-Izadifar F,
Bramanti S, et al. Checkpoint inhibition
before haploidentical transplantation with
posttransplant cyclophosphamide in
Hodgkin lymphoma. Blood Adv. 2020;
4(7):1242-1249.

107. Paul S, Zahurak M, Luznik L, et al. Non-
myeloablative allogeneic transplantation
with post-transplant cyclophosphamide after
immune checkpoint inhibition for classic
Hodgkin lymphoma: a retrospective cohort
study. Biol Blood Marrow Transplant. 2020;
26(9):1679-1688.

108. Merryman RW, Castagna L, Giordano L,
et al. Allogeneic transplantation after PD-1
blockade for classic Hodgkin lymphoma.
Leukemia. 2021;35(9):2672-2683.

109. Tsai T, Goodman S, Saez R, et al. Allogeneic
bone marrow transplantation in patients who
relapse after autologous transplantation.
Bone Marrow Transplant. 1997;20(10):
859-863.

110. Porter DL, Luger SM, Duffy KM, et al.
Allogeneic cell therapy for patients who
relapse after autologous stem cell
transplantation. Biol Blood Marrow
Transplant. 2001;7(4):230-238.

111. Branson K, Chopra R, Kottaridis PD, et al.
Role of nonmyeloablative allogeneic stem-
cell transplantation after failure of
autologous transplantation in patients with
lymphoproliferative malignancies. J Clin
Oncol. 2002;20(19):4022-4031.

112. Sarina B, Castagna L, Farina L, et al; Gruppo
Italiano Trapianto di Midollo Osseo.
Allogeneic transplantation improves the
overall and progression-free survival of
Hodgkin lymphoma patients relapsing after
autologous transplantation: a retrospective
study based on the time of HLA typing and
donor availability. Blood. 2010;115(18):
3671-3677.

113. Robinson SP, Boumendil A, Finel H, et al.
Reduced intensity allogeneic stem cell
transplantation for follicular lymphoma
relapsing after an autologous transplant
achieves durable long-term disease control:
an analysis from the Lymphoma Working
58 5 JANUARY 2023 | VOLUME 141, NUM
Party of the EBMT. Ann Oncol. 2016;27(6):
1088-1094.

114. Sakurai M, Mori T, Kato K, et al; Adult
Lymphoma Working Group of the Japan
Society for Hematopoietic Cell
Transplantation (JSHCT). Outcome of
allogeneic hematopoietic stem cell
transplantation for follicular lymphoma
relapsing after autologous transplantation:
analysis of the Japan Society for
Hematopoietic Cell Transplantation. Bone
Marrow Transplant. 2021;56(6):1462-1466.

115. Mariotti J, Devillier R, Bramanti S, et al.
T cell-replete haploidentical transplantation
with post-transplantation cyclophosphamide
for Hodgkin lymphoma relapsed after
autologous transplantation: reduced
incidence of relapse and of chronic graft-
versus-host disease compared with HLA-
identical related donors. Biol Blood Marrow
Transplant. 2018;24(3):627-632.

116. Ruggeri A, Labopin M, Bacigalupo A, et al.
Bone marrow versus mobilized peripheral
blood stem cells in haploidentical
transplants using posttransplantation
cyclophosphamide. Cancer. 2018;124(7):
1428-1437.

117. Im A, Rashidi A, Wang T, et al. Risk factors
for graft-versus-host disease in
haploidentical hematopoietic cell
transplantation using post-transplant
cyclophosphamide. Biol Blood Marrow
Transplant. 2020;26(8):1459-1468.

118. Burroughs LM, O’Donnell PV,
Sandmaier BM, et al. Comparison of
outcomes of HLA-matched related,
unrelated, or HLA-haploidentical related
hematopoietic cell transplantation following
nonmyeloablative conditioning for relapsed
or refractory Hodgkin lymphoma. Biol Blood
Marrow Transplant. 2008;14(11):1279-1287.

119. Castagna L, Busca A, Bramanti S, et al.
Haploidentical related donor compared to
HLA-identical donor transplantation for
chemosensitive Hodgkin lymphoma
patients. BMC Cancer. 2020;20(1):1140.

120. Bolaños-Meade J, Cooke KR, Gamper CJ,
et al. Effect of increased dose of total body
irradiation on graft failure associated with
HLA-haploidentical transplantation in
patients with severe haemoglobinopathies:
a prospective clinical trial. Lancet Haematol.
2019;6(4):e183-e193.

121. Dew A, Collins D, Artz A, et al. Paucity of
HLA-identical unrelated donors for African-
Americans with hematologic malignancies:
the need for new donor options. Biol Blood
Marrow Transplant. 2008;14(8):938-941.

122. Walters MC, Patience M, Leisenring W, et al.
Bone marrow transplantation for sickle cell
disease. N Engl J Med. 1996;335(6):369-376.

123. Panepinto JA, Walters MC, Carreras J, et al;
Non-Malignant Marrow Disorders Working
Committee, Center for International Blood
and Marrow Transplant Research. Matched-
related donor transplantation for sickle cell
disease: report from the Center for
International Blood and Transplant
BER 1
Research. Br J Haematol. 2007;137(5):
479-485.

124. Bernaudin F, Socie G, Kuentz M, et al;
SFGM-TC. Long-term results of related
myeloablative stem-cell transplantation to
cure sickle cell disease. Blood. 2007;110(7):
2749-2756.

125. Locatelli F, Kabbara N, Ruggeri A, et al;
Eurocord and European Blood and Marrow
Transplantation (EBMT) group. Outcome of
patients with hemoglobinopathies given
either cord blood or bone marrow
transplantation from an HLA-identical
sibling. Blood. 2013;122(6):1072-1078.

126. Baronciani D, Angelucci E, Potschger U,
et al. Hemopoietic stem cell transplantation
in thalassemia: a report from the European
Society for Blood and Bone Marrow
Transplantation Hemoglobinopathy
Registry, 2000-2010. Bone Marrow
Transplant. 2016;51(4):536-541.

127. Bolaños-Meade J, Fuchs EJ, Luznik L, et al.
HLA-haploidentical bone marrow
transplantation with posttransplant
cyclophosphamide expands the donor pool
for patients with sickle cell disease. Blood.
2012;120(22):4285-4291.

128. Fitzhugh CD, Hsieh MM, Taylor T, et al.
Cyclophosphamide improves engraftment
in patients with SCD and severe organ
damage who undergo haploidentical
PBSCT. Blood Adv. 2017;1(11):652-661.

129. Saraf SL, Oh AL, Patel PR, et al.
Haploidentical peripheral blood stem cell
transplantation demonstrates stable
engraftment in adults with sickle cell
disease. Biol Blood Marrow Transplant.
2018;24(8):1759-1765.

130. de la Fuente J, Dhedin N, Koyama T, et al.
Haploidentical bone marrow transplantation
with post-transplantation cyclophosphamide
plus thiotepa improves donor engraftment
in patients with sickle cell anemia: results of
an international learning collaborative. Biol
Blood Marrow Transplant. 2019;25(6):
1197-1209.

131. Pawlowska AB, Cheng JC, Karras NA, et al.
HLA haploidentical stem cell transplant with
pretransplant immunosuppression for
patients with sickle cell disease. Biol Blood
Marrow Transplant. 2018;24(1):185-189.

132. DeZern AE, Zahurak ML, Symons HJ, et al.
Haploidentical BMT for severe aplastic
anemia with intensive GVHD prophylaxis
including posttransplant cyclophosphamide.
Blood Adv. 2020;4(8):1770-1779.

133. Cao J, Pei R, Zhang P, et al. Successful
haploidentical transplantation using plasma
exchange and post-transplantation
cyclophosphamide for severe aplastic
anemia patients with anti-human leukocyte
antigen donor-specific antibodies. Ann
Hematol. 2021;100(9):2381-2385.

134. Bonfim C, Ribeiro L, Nichele S, et al.
Haploidentical bone marrow transplantation
with post-transplant cyclophosphamide for
children and adolescents with Fanconi
RIMANDO et al

http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref103
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref104
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref104
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref104
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref104
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref104
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref105
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref105
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref105
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref105
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref105
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref105
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref106
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref106
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref106
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref106
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref106
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref106
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref107
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref107
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref107
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref107
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref107
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref107
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref107
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref108
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref108
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref108
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref108
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref109
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref109
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref109
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref109
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref109
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref110
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref110
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref110
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref110
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref110
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref111
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref111
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref111
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref111
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref111
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref111
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref112
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref113
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref114
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref115
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref116
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref116
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref116
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref116
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref116
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref116
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref117
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref117
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref117
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref117
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref117
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref117
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref118
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref119
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref119
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref119
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref119
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref119
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref120
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref121
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref121
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref121
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref121
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref121
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref122
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref122
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref122
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref123
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref124
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref124
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref124
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref124
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref124
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref125
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref125
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref125
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref125
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref125
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref125
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref125
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref126
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref126
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref126
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref126
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref126
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref126
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref126
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref127
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref127
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref127
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref127
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref127
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref127
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref127
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref128
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref128
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref128
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref128
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref128
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref129
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref129
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref129
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref129
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref129
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref129
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref130
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref131
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref131
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref131
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref131
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref131
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref132
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref132
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref132
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref132
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref132
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref133
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref133
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref133
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref133
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref133
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref133
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref133
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref134
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref134
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref134
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref134


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/1/4
anemia. Biol Blood Marrow Transplant.
2017;23(2):310-317.

135. Dimitrova D, Gea-Banacloche J,
Steinberg SM, et al. Prospective study of a
novel, radiation-free, reduced-intensity
bone marrow transplantation platform for
primary immunodeficiency diseases. Biol
Blood Marrow Transplant. 2020;26(1):
94-106.

136. George B, Lionel S, Selvarajan S, et al. An
antithymocyte globulin-free conditioning
regimen using fludarabine and
cyclophosphamide is associated with good
outcomes in patients undergoing matched
related family donor transplantation for
aplastic anemia. Transplant Cell Ther.
2021;27(5):409.e1-409.e6.

137. Li Y, Wang N, Li L, et al. Haploidentical
transplantation with modified post-
transplantation cyclophosphamide for
patients with primary aplastic anemia: a
multicenter experience. Transplant Cell
Ther. 2021;27(4):331.e1-331.e7.

138. Fernandes JF, Nichele S, Arcuri LJ, et al.
Outcomes after haploidentical stem cell
transplantation with post-transplantation
cyclophosphamide in patients with primary
immunodeficiency diseases. Biol Blood
Marrow Transplant. 2020;26(10):1923-1929.

139. Arcuri LJ, Nabhan SK, Cunha R, et al. Impact
of CD34 cell dose and conditioning regimen
on outcomes after haploidentical donor
hematopoietic stem cell transplantation with
post-transplantation cyclophosphamide for
relapsed/refractory severe aplastic anemia.
HOW I TREAT GVHD IN HIGH-RISK PATIENTS
Biol Blood Marrow Transplant. 2020;26(12):
2311-2317.

140. Canaani J, Savani BN, Labopin M, et al.
Donor age determines outcome in acute
leukemia patients over 40 undergoing
haploidentical hematopoietic cell
transplantation. Am J Hematol. 2018;93(2):
246-253.

141. DeZern AE, Franklin C, Tsai HL, et al.
Relationship of donor age and relationship
to outcomes of haploidentical
transplantation with posttransplant
cyclophosphamide. Blood Adv. 2021;5(5):
1360-1368.

142. Vander Lugt MT, Braun TM, Hanash S, et al.
ST2 as a marker for risk of therapy-resistant
graft-versus-host disease and death. N Engl
J Med. 2013;369(6):529-539.

143. Kanakry CG, Bakoyannis G, Perkins SM,
et al. Plasma-derived proteomic biomarkers
in human leukocyte antigen-haploidentical
or human leukocyte antigen-matched bone
marrow transplantation using post-
transplantation cyclophosphamide.
Haematologica. 2017;102(5):932-940.

144. Papadopoulos EB, Carabasi MH, Castro-
Malaspina H, et al. T-cell-depleted
allogeneic bone marrow transplantation as
postremission therapy for acute
myelogenous leukemia: freedom from
relapse in the absence of graft-versus-host
disease. Blood. 1998;91(3):1083-1090.

145. Solomon SR, Sizemore CA, Sanacore M,
et al. Haploidentical transplantation using T
5

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(12):
1859-1866.

146. Raj K, Pagliuca A, Bradstock K, et al.
Peripheral blood hematopoietic stem cells
for transplantation of hematological
diseases from related, haploidentical donors
after reduced-intensity conditioning. Biol
Blood Marrow Transplant. 2014;20(6):
890-895.

147. Castagna L, Crocchiolo R, Furst S, et al.
Bone marrow compared with peripheral
blood stem cells for haploidentical
transplantation with a nonmyeloablative
conditioning regimen and post-
transplantation cyclophosphamide. Biol
Blood Marrow Transplant. 2014;20(5):
724-729.

148. Cutler C, Logan B, Nakamura R, et al.
Tacrolimus/sirolimus vs tacrolimus/
methotrexate as GVHD prophylaxis after
matched, related donor allogeneic HCT.
Blood. 2014;124(8):1372-1377.

149. Locatelli F, Merli P, Pagliara D, et al.
Outcome of children with acute leukemia
given HLA-haploidentical HSCT after αβ
T-cell and B-cell depletion. Blood. 2017;
130(5):677-685.

© 2023 by The American Society of Hematology
9/20
JANUARY 2023 | VOLUME 141, NUMBER 1 59

73207/blood_bld-2021-015129-m
ain.pdf by guest on 08 M

ay 2024

http://refhub.elsevier.com/S0006-4971(22)00509-2/sref134
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref134
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref135
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref135
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref135
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref135
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref135
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref135
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref135
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref136
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref137
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref137
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref137
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref137
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref137
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref137
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref138
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref138
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref138
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref138
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref138
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref138
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref139
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref140
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref140
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref140
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref140
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref140
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref140
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref141
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref141
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref141
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref141
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref141
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref141
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref142
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref142
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref142
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref142
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref143
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref143
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref143
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref143
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref143
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref143
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref143
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref144
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref144
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref144
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref144
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref144
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref144
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref144
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref145
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref146
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref146
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref146
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref146
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref146
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref146
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref146
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref147
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref148
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref148
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref148
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref148
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref148
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref149
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref149
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref149
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref149
http://refhub.elsevier.com/S0006-4971(22)00509-2/sref149

	How I prevent GVHD in high-risk patients: posttransplant cyclophosphamide and beyond
	Introduction
	Case 1
	Case 1 discussion
	Discovery of PTCy and associated toxicities
	Modern approaches to GVHD prophylaxis for MMUD HCT
	Elderly patients undergoing HCT
	Posttransplant immunosuppression duration
	Posttransplant maintenance therapies

	Case 2
	Case 2 discussion
	Modern approaches to GVHD prophylaxis for MUD HCT
	Pretransplant checkpoint inhibition and auto-HCT as risk factors for GVHD and prophylaxis strategies
	Bone marrow vs peripheral blood grafts for PTCy-based HCT
	Haploidentical vs matched donors for HL

	Case 3
	Case 3 discussion
	Haplo-HCT with PTCy for benign hematologic disorders and primary immunodeficiencies
	HLA-mismatched HCT with non–first-degree relatives


	Future directions: GVHD biomarkers
	Conclusions
	Authorship
	References


