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ABSTRACT

Background Immune checkpoint inhibitors (ICls) are
being used after allogeneic hematopoietic stem cell
transplantation (alloHCT) to reverse immune dysfunction.
However, a major concern for the use of ICls after alloHCT
is the increased risk of graft-versus-host disease (GVHD).
We analyzed the association between GVHD prophylaxis
and frequency of GVHD in patients who had received ICI
therapy after alloHCT.

Methods A retrospective study was performed in

21 patients with acute myeloid leukemia (n=16) or
myelodysplastic syndromes (n=5) who were treated

with antiprogrammed cell death protein 1 (16 patients)

or anticytotoxic T lymphocyte-associated antigen 4

(5 patients) therapy for disease relapse after alloHCT.
Associations between the type of GVHD prophylaxis and
incidence of GVHD were analyzed.

Results Four patients (19%) developed acute GVHD. The
incidence of acute GVHD was associated only with the
type of post-transplantation GVHD prophylaxis; none of the
other variables included (stem cell source, donor type, age
at alloHCT, conditioning regimen and prior history of GVHD)
were associated with the frequency of acute GVHD. Twelve
patients received post-transplantation cyclophosphamide
(PTCy) for GVHD prophylaxis. Patients who received PTCy
had a significantly shorter median time to initiation of ICI
therapy after alloHCT compared with patients who did not
receive PTCy (median 5.1 months compared with 26.6
months). Despite early ICl therapy initiation, patients who
received PTCy had a lower observed cumulative incidence
of grades 2—4 acute GVHD compared with patients who

did not receive PTCy (16% compared with 22%; p=0.7).
After controlling for comorbidities and time from alloHCT
to ICl therapy initiation, the analysis showed that PTCy was
associated with a 90% reduced risk of acute GVHD (HR
0.1,95% C1 0.02 to 0.6, p=0.01).

Conclusions ICI therapy for relapsed acute myeloid
leukemia/myelodysplastic syndromes after alloHCT may be
a safe and feasible option. PTCy appears to decrease the
incidence of acute GVHD in this cohort of patients.

INTRODUCTION
Allogeneic hematopoietic stem cell trans-
plantation (alloHCT) remains a curative
approach for acute myeloid leukemia (AML)
and myelodysplastic syndromes (MDS) owing
to the antileukemic properties of T cells,
which leads to a graft-versus-leukemia effect.
However, up to 50% of AML/MDS patients
relapse after alloHCT,' and therapy options
for these patients remain limited. Among
patients with relapsed AML, the I-year post-
relapse overall survival (OS) rate is less than
20% despite subsequent therapies.” Thus,
novel therapeutic strategies for these patients
are urgently needed.

AML relapse after alloHCT is mediated
through several unique mechanisms. Toffa-
lori et al demonstrated that disease relapse
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may occur after alloHCT owing to the ability of the AML
cells to escape immune control by expressing inhibitory
immune checkpoint proteins B7-1/B7-2 and programmed
death ligand 1/2 (PD-L1/PD-L2), which impair anti-
tumor immunity by inducing T cell exhaustion and
downregulating the activity of cytotoxic T cells that are
mediating the graft-versus-leukemia effect.” Given these
findings, immune checkpoint inhibitors (ICIs) are now
being tested in patients who have undergone alloHCT to
reverse the immune dysfunction thatis driving the AML to
relapse, and to augment the graft-versus-leukemia effect.
However, a major concern with using ICIs after alloHCT
is the increased risk of graft-versus-host disease (GVHD).

A phase 1/Ib study highlighted the efficacy of cytotoxic
T lymphocyte-associated antigen 4 receptor (CTLA-4)
blockade following alloHCT for patients with relapsed
AML.® In that study, 28 patients with relapsed hemato-
logical malignancies after alloHCT (12 patients with
AML, including 3patients with leukemia cutis) were
treated with single-agent ipilimumab. Of the 22 patients
who received the higher ipilimumab dose (10mg/kg),
complete responses were reported in five patients (23%),
including three patients with leukemia cutis and two
patients with AML. In the remaining six patients, who
received the lower dose of ipilimumab (3mg/kg), no
clinical responses were reported. Immune-related adverse
events (irAEs) of grades 2—4 were reported in six patients
(21%), including one death, and acute GVHD (aGVHD)
and chronic GVHD (cGVHD) following ipilimumab
administration was reported in four patients (14%).

Programmed cell death protein 1 (PD-1) receptor
blockade after alloHCT has also been tested as a ther-
apeutic strategy. In a phase I clinical trial of nivolumab
in 28 patients with relapsed hematological malignancies
after alloHCT (11 patients with AML), two of the six
patients who were treated with nivolumab at a dose of
1mg/kg developed irAEs. Moreover, among patients who
received nivolumab at a dose of 0.5 mg/kg, four patients
had dose-limiting toxicity, including two cases of grade 3
aGVHD resulting in death. Of the 19 evaluable patients
who received nivolumab at a dose of 0.5mg/kg, the
response rate was 16% (one patient with AML achieved
partial response).’

Irrespective of the use of ICIs, several pretransplanta-
tion and post-transplantation factors are known to play a
crucial role in inciting GVHD, including the type of GVHD
prophylaxis that is used. Several reports have established
the efficacy of post-transplantation cyclophosphamide
(PTCy) in GVHD prophylaxis to selectively deplete allo-
reactive T cells after T cell-replete alloHCT,*"” including
after haploidentical alloHCT."' ' PTCy use after alloHCT
is associated with a lower incidence of grades 3—4 aGVHD
and cGVHD, and some studies have even reported lower
rates of GVHD in patients who underwent haploidentical
alloHCT with PTCy compared with those who underwent
alloHCT from matched related or matched unrelated
donors using GVHD prophylaxis that omitted PTCy.” '*°
We, therefore, hypothesize that using PTCy for GVHD

prophylaxis will reduce the incidence of GVHD in
patients who receive ICI therapy for AML/MDS relapse
after alloHCT.

In this retrospective analysis, we describe our expe-
rience with ICI therapy after alloHCT in AML/MDS
patients. We analyzed the association between GVHD
prophylaxis and frequency of GVHD in this cohort of
patients, and we observed reduced incidence of GVHD in
patients who received PTCy for GVHD prophylaxis.

METHODS

Patient selection

After institutional review board approval, MD Anderson
databases were searched to identify cancer patients who
had received ICI at any time between January 1 2004 and
March 31 2019. All patients with transplantation claims
were included in the initial search. Standard Interna-
tional Classification of Diseases 9 and 10 diagnostic codes
were used to identify patients who may have undergone
alloHCT. Medical records with at least one relevant code
were reviewed in depth. We included in our final analysis
AML/MDS patients who had a confirmed alloHCT prior
to the initiation of at least one dose of ICI. We Identified
21 patients with either AML (n=16) or MDS (n=b) treated
with ICIs after alloHCT relapse. Clinical response and
disease status were defined using International Working
Group recommendations. All patients provided written
informed consent for their treatment and were treated
in accordance with the Declaration of Helsinki. Patient
demographics, transplantation characteristics, relapse
and treatment details were collected, along with last
follow-up and cause of death.

GVHD prophylaxis consisted of either tacrolimus and
mini-methotrexate or PTCy at a dose of 50mg/kg on
days 3 and 4 after stem cell infusion, as well as tacro-
limus with or without mycophenolate mofetil. GVHD
was diagnosed and graded histologically, confirmed by
board-certified pathologists at MD Anderson. The grade/
stage of aGVHD was scored according to consensus and
National Institutes of Health criteria.'” Any irAEs were
graded using Common Terminology Criteria for Adverse
Events (V.4.0).

Statistical analyses

Frequencies and percentages were used to summarize
patient characteristics. Differences in demographic/
clinical/treatment features were compared between two
cohorts using the Fisher’s exact test for categorical vari-
ables and Wilcoxon rank-sum test for continuous vari-
ables. Cumulative incidence of GVHD measured from
ICI therapy initiation was estimated for each cohort,
and comparisons were made using the Gray test, where
death and relapse were considered competing risks. The
Kaplan-Meier method and corresponding log-rank test
were used to compare OS and progression-free survival
(PFS) between cohorts, where OS was measured from
ICI initiation to death and PFS was measured from
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ICI therapy initiation to disease progression/relapse
or death. Patients not experiencing an outcome were
censored at time of last follow-up for both OS and PFS.
Univariate and multivariable competing risk Cox regres-
sion modeling was used to calculate cause-specific hazard
ratios of plausible risk factors for GVHD, and conven-
tional univariate and multivariable Cox regression were
used to analyze PFS and OS. For each outcome, variables
with p<0.10 in the univariate analysis were considered for
inclusion in multivariable modeling.

RESULTS

Patient characteristics

Twenty-one patients with AML (n=16) or MDS (n=5) were
treated with ICIs for relapse of myeloid malignancies after
alloHCT. Demographics and baseline characteristics of
the patients are shown in table 1. The median age at the
time of transplantation was 54 years (range 29-75 years).
Fourteen patients (67%) were male and seven patients
(33%) were female. ICI therapy was administered in
the form of PD-1 blockade or CTLA-4 blockade. Sixteen
patients (76%) received PD-1 blockade (nivolumab or
pembrolizumab) and five patients received CTLA-4
blockade (ipilimumab) (online supplemental table 1).
The median time from transplantation to initial treat-
ment with ICIs in the entire cohort was 9.7 months (range
1.3-134.4months). Before initiation of ICI therapy, five
patients (24%) had previously had aGVHD: one patient
had grade 1 aGVHD, two patients had grade 2 and two
patients had grade 3. None of the patients included in
our study had previously had cGVHD. Only one patient
received ICI prior to alloHCT in the form of combination
ipilimumab and nivolumab.

Of the 21 patients analyzed, 14 patients (67%) had
received peripheral blood stem cell grafts and seven
patients (33%) had received bone marrow grafts. Fifteen
patients (72%) had received myeloablative conditioning
regimen and six patients (28%) had received non-
myeloablative regimen. Donor types included matched
related in nine patients (43%), matched unrelated
in nine patients (43%) and haploidentical in three
patients (14%). Patients were analyzed on the basis of
whether they received PTCy as GVHD prophylaxis. Post-
transplantation GVHD prophylaxis consisted of tacro-
limus and mini methotrexate in nine patients (43%) and
PTCy and tacrolimus with (n=2) or without (n=10) myco-
phenolate mofetil in 12 patients (57%). Two of the three
recipients of grafts from haploidentical donors (67%)
received PTCy, along with five of the nine patients (56%)
with grafts from matched unrelated donors and five of
the nine patients (56%) with grafts from matched related
donors.

Patients received a median of two doses of ICI therapy
(range 1-12 doses). Four patients (19%) developed
aGVHD (three of whom had previously had aGVHD). Two
patients with preexisting aGVHD not requiring immuno-
suppressive therapy at baseline showed no exacerbation

of symptoms after ICI infusion (both patients received
ipilimumab). All four cases of aGVHD were seen following
nivolumab therapy. Three patients had gastrointestinal
GVHD, one patient with grade 2 gastrointestinal GVHD
and two patients with grade 3 gastrointestinal GVHD, and
one patient developed grade 2 skin GVHD. The frequency
of grades 1-2 aGVHD was 9.5%, and grades 3—-4 aGVHD,
9.5%, with a median time from initiation of nivolumab
to onset of aGVHD of 24 days (range 12-31days). The
median number of nivolumab doses received prior to
onset of aGVHD was one dose (range 1-2 doses), and
the median time from alloHCT to onset of nivolumab-
induced aGVHD was 188 days (range 109-419days).
None of the patients in our cohort of AML/MDS patients
developed cGVHD.

All four patients who developed aGVHD were treated
with corticosteroids. Two patients were able to stop
steroids following resolution of their aGVHD, while the
other two patients died of sepsis and disease progres-
sion. Of the four patients who received corticosteroids
for treatment of aGVHD, only one patient continued
receiving ICI while on steroids, and after eight doses,
nivolumab was stopped due to disease progression. One
patient stopped ICI on diagnosis of skin aGVHD, and the
other two patients stopped nivolumab because of disease
progression. Although we cannot confidently determine
if corticosteroid use affected the efficacy of ICI in our
cohort of AML/MDS patients, several studies have shown
that the use of high doses of corticosteroids while initi-
ating ICI therapy dampen the efficacy of ICI in patients
with melanoma and non-small cell lung cancers.'® "

Two patients developed irAEs distinct from GVHD
that were potentially attributable to nivolumab. After a
single infusion of nivolumab, one patient developed
grade 1 skin rash, and another patient developed grade
2 pneumonitis after two infusions of nivolumab. Both
irAEs responded to corticosteroid therapy. No grade
3—4 irAEs were observed. Neither GVHD nor irAEs were
seen in any of the patients who received ipilimumab. ICIs
were discontinued owing to progressive disease (n=12),
toxicity due to irAE or aGVHD (n=3), infections (n=2),
physician decision (n=1), patient decision (n=1), and
second alloHCT (n=1), and one patient completed five
cycles.

According to univariate and multivariable analysis, the
incidence of grades 2-4 aGVHD was correlated only with
post-transplantation GVHD prophylaxis; none of the
other variables included in the analysis (stem cell source,
donor type, age at alloHCT, conditioning regimen, cyto-
megalovirus serostatus and prior history of GVHD) were
associated with the frequency of grades 2-4 aGVHD
(online supplemental table 2).

Incidence of aGVHD after PTCy

Baseline disease and alloHCT characteristics were
similar between patients who received PTCy and those
who did not receive PTCy, with the exception of a lower
median HCT=specific Comorbidity Index (HCT-CI) (1,

Saberian C, et al. J Immunother Cancer 2021;9:¢001818. doi:10.1136/jitc-2020-001818

3


https://dx.doi.org/10.1136/jitc-2020-001818
https://dx.doi.org/10.1136/jitc-2020-001818

Open access

I

Table 1 Baseline characteristics of patients in our study who did and did not receive PTCy as GVHD prophylaxis

No (%)
Characteristic All patients, n=21 PTCy, n=12 No PTCy, n=9 P value*
Median age at alloHCT (range) 54 years (29-75 years) 53 years (29-75 years) 57 years (42-68 years) 0.7
Sex 0.9
Male 14 (67) 7 (58) 7 (78)
Female 7 (33) 5 (42) 2 (22)
Disease type 0.9
AML 16 (76) 9 (75) 7 (78)
MDS 5 (24) 3 (25) 2 (22)
ICI 0.3
Nivolumab 16 (76) 8 (67) 8 (89)
Ipilimumab 5 (24) 4 (33) 1(11)
Median interval between alloHCT 9.7 months (1.3-134.4 5.1 months (1.8-57 26.6 months (5.5- 0.04
and ICI therapy initiation (range) months) months) 134 months)
Median interval between post- 2.4 months (0.1-16.4 2 months (0.2-16.4 4.7 months (0.1- 0.3
alloHCT relapse and ICI therapy months) months) 14.6 months)
initiation
Hematopoietic stem cell source
PBSCs 14 (67) 7 (58) 7 (78) 0.3
BM 7 (33) 5 (42) 2 (22)
Donor type
Matched related 9 (43) 5 (42) 4 (44)
Matched unrelated 9 (43) 5(42) 4 (44) 1.0
Haploidentical 3 (14) 2(17) 1(12)
Donor/recipient CMV statust
R/R 8 (40) 3 (25) 5 (63)
R/NR or NR/R 10 (50) 7 (58) 3 (38) 0.3
NR/NR 2 (10) 2(17) 0 (0)
Conditioning regimen 0.18
Myeloablative 15 (72) 7 (58) 8 (89)
Non-myeloablative 6 (28) 5 (42) 1(11)
Hematopoietic cell transplantation—-specific comorbidity indext
0 3 (16) 3(27) 0 (0)
1-2 10 (53) 7 (64) 3 (38) 0.04
>2 6 (32) 1(9) 5 (63)
Prior history of GVHD before ICl initiation
None 16 (76) 10 (83) 6 (67) 0.6
Acute 5 (24) 2(17) 3 (33)
Chronic 0(0) 0(0) 0 (0)

*P values shown in bold represent p<0.05.

TIn one patient, the donor/recipient CMV status was not reported.

FIn two patients, the hematopoietic cell transplantation-specific comorbidity index was not reported.

alloHCT, allogeneic hematopoietic stem cell transplantation; AML, acute myeloid leukemia; BM, bone marrow; CMV, cytomegalovirus; GVHD,
graft-versus-host disease; ICl, immune checkpoint inhibitor; MDS, myelodysplastic syndromes; NR, non-reactive; PBSCs, peripheral blood
stem cells; PTCy, post-transplantation cyclophosphamide; R, reactive.

range 0-3) in patients who received PTCy compared  may add to the toxicity of the conditioning regimen,
with patients who did not receive PTCy (3, range 1-5; patients with a higher HCT-CI score were found in the
p=0.04). As expected, due to the concern that PTCy = non-PTCy group. Moreover, patients who received PTCy
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Figure 1 Multivariable analysis of the association
between post-transplantation cyclophosphamide for GVHD
prophylaxis and aGVHD, progression-free survival (PFS)
and overall survival (OS). aGVHD, acute graft-versus-host
disease; NS, not significant.

had a significantly shorter median time to initiation of
ICI therapy after alloHCT compared with patients who
did not receive PTCy (median 5.1 months compared with
26.6 months, p=0.04; table 1). Patients who received PTCy
also had a lower observed cumulative incidence of grades
2—4 aGVHD (16%) compared with patients who did not
receive PTCy (22%), although this difference was not
statistically significant (p=0.7). However, after controlling
for the comorbidity index and time from alloHCT to ICI
therapy initiation, we found that PTCy was associated with
a 90% reduced risk of aGVHD (HR 0.1, 95% CI 0.02 to
0.6, p=0.01; figure 1).

Efficacy of ICls

Eighteen patients were evaluable for response: the tumor
response was not reported in one patient owing to early
death and in two patients owing to toxicity-related discon-
tinuation of the ICI after a single infusion. Of the 13
evaluable patients who received nivolumab, four (31%)
demonstrated an objective response; three patients
achieved a complete response and one patient achieved
a partial response that lasted for 2months. Of the three
patients with a complete response, one patient relapsed
and underwent a second alloHCT, and in the other two,
the complete response lasted less than Imonth. The
other nine patients had progressive disease. Of the five
patients who received ipilimumab, one patient (20%)
achieved a complete response that lasted for 5months;
the remaining four patients had progressive disease.
The clinical responses did not differ between patients
who received a PD-1 inhibitor and those who received
a CTLA4 inhibitor (p=0.65). Moreover, the objective
response rate did not differ between patients who devel-
oped aGVHD and those who did not (0% compared with
33%, p=0.39), and the objective response rate did not
differ between patients who received PTCy and those who
did not (20% compared with 37%, p=0.41). Additionally,

1.0 4 1
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04 4
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0 é 1‘2 1‘8 2‘4 3‘0 3‘6 4‘2 4‘8
Months Post-ICI Initiation
Figure 2 Kaplan-Meir analysis of overall survival (OS) after
immune checkpoint inhibitor (ICI) therapy initiation according
to use of post-transplantation cyclophosphamide as graft-
versus-host disease prophylaxis.

the two patients who developed irAEs did not achieve an
objective response to ICI.

During the study, 19 patients (90%) died. Thirteen
patients (62%) died from relapse/progressive disease,
and six patients (28%) died from other causes; three
patients died due to sepsis, two patients from infec-
tion (one from COVID-19 and one from disseminated
acanthamoeba infection), and one patient died due to
a secondary malignancy. No death was attributed to
aGVHD.

PFS and 0S

Kaplan-Meier plots showed better OS in patients who
received PTCy. Figure 2 shows OS in patients according
to the use of PTCy. Patients who received PTCy had a
longer median OS, but this was not statistically significant
(7.3months compared with 5.2months, p=0.11). Multi-
variable Cox regression analysis adjusting for hematopoi-
etic stem-cell-specific comorbidity index, hematopoietic
stem cell source and sex match/mismatch found that
PTCy was associated with a nearly 50% lower risk of death
with borderline statistical significance (HR 0.52, 95% CI
0.24 to 1.13, p=0.098) (figure 1). PFS according to the use
of PTCy is shown in figure 3. Based on univariate analysis,
the median PFS was not significantly different for patients
who received PTCy versus those who did not receive PTCy
(1.5months compared with 1.7months, p=0.87). Multi-
variable Cox regression analysis showed no association
between PTCy and PFS (HR 0.93; 95% CI 0.35 to 2.46,
p=0.88) (figure 1).

DISCUSSION

The use of ICIs in patients with hematological malignan-
ciesisincreasing. However, ICI use after alloHCT has been
hampered owing to the fear of eliciting GVHD, which is
unique to alloHCT recipients.*”** A variety of pretrans-
plantation and post-transplantation factors can play a
crucial role in exacerbating GVHD, including the dose of
ICIs administered, allograft donor source, conditioning
intensity, prior history of GVHD and GVHD prophylaxis.
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Figure 3 Kaplan-Meir analysis of progression-free
survival (PFS) after initiation of immune checkpoint inhibitor
(ICl) therapy according to use of post-transplantation
cyclophosphamide as graft-versus-host disease prophylaxis.

We performed a retrospective analysis to report our expe-
rience with ICI use after alloHCT in AML/MDS patients
treated at our institution, with a focus on the impact of
PTCy GVHD prophylaxis. Our analysis shows that the use
of ICIs for AML/MDS relapse after alloHCT is a safe and
feasible option, and that PTCy appears to decrease the
frequency of aGVHD in this patient population.

Activation of graft immunity after alloHCT through
IClIs carries a risk of triggering GVHD. A few phases I clin-
ical trials have investigated the efficacy and safety of ICls
in patients with relapsed disease after alloHCT.®” % % In
a phase 1/1Ib trial of 28 patients with relapsed hematolog-
ical malignancies, including AML/MDS (n=14), Hodgkin
lymphoma (n=7), non-Hodgkin’s lymphoma (n=4),
multiple myeloma (n=1), myeloproliferative neoplasm
(n=1) and acute lymphoblastic leukemia (n=1), who
were treated with ipilimumab (3mg/kg or 10mg/kg)
after alloHCT, four patients (14%) developed GVHD,
including three with cGVHD and one with aGVHD.® More
recently, Davids et alreported the first prospective clinical
trial of nivolumab (0.5mg/kg or 1 mg/kg) for relapsed
hematological malignancies in 28 patients, including
those with AML/MDS (n=17), Hodgkin lymphoma
(n=5), non-Hodgkin's lymphoma (n=3), chronic lympho-
cytic leukemia (n=1), myeloproliferative disorder (n=1)
and leukemia of unspecified type (n=1), after alloHCT.
Eleven patients (39%) developed GVHD; two patients
developed aGVHD (7%), eight patients (29%) devel-
oped ¢cGVHD and one patient (4%) developed both.”
Patients enrolled in that study had undergone alloHCT
=6 months prior to study enrolment to minimize GVHD
risk, which is believed to be increased with early initiation
of ICI therapy after alloHCT.*”

However, because many patients with AML/MDS relapse
within a few months of alloHCT and require prompt initi-
ation of salvage therapy, it is often not feasible to wait for
an extended period to initiate ICI therapy after alloHCT.
Our results showed that early initiation of ICI therapy
after alloHCT was safe, particularly in patients who had
received PTCy GVHD prophylaxis. In our cohort, patients

who received PTCy had a significantly shorter median time
to initiation of ICI therapy after alloHCT compared with
patients who did not receive PTCy (5.1 months compared
with 26.6 months). Despite early initiation of ICI therapy
in our cohort, patients who received PTCy had a lower
incidence of GVHD than did patients who did not receive
PTCy. Because of the small number of patients and the
retrospective nature of our study, prospective studies are
needed to definitively confirm this observation.

In our entire cohort, 19% of patients developed
aGVHD following ICI therapy initiation, and no deaths
were attributed to GVHD. Not only was the rate of
aGVHD in our cohort of patients lower than what has
been reported in previous studies, but also none of the
patients in our cohort developed cGVHD. Although the
pathology reports confirmed GVHD, we recognize that it
may be difficult to distinguish GVHD from some forms
irAEs. However, based on clinical data and overall clin-
ical assessment of the patients, in addition to pathology,
we strongly believe that the reported events were more
likely GVHD than irAEs. Two retrospective studies
reported the outcomes of PD-1 inhibition in patients
with Hodgkin lymphoma after alloHCT. In the first study,
which included 20 patients, aGVHD occurred in six
patients (30%), including two deaths due to aGVHD.*
In the second study, which included 31 patients, aGVHD
occurred in 10 patients (32%), including four deaths
attributed to aGVHD.? Consistent with our data, in the
latter study, Haverkos et al made the observation that
of the five patients who received PTCy GVHD prophy-
laxis, none developed aGVHD following initiation of
nivolumab.* More recently, ljaz et al analyzed the use of
ICIs in patients with relapsed hematological malignancies
after alloHCT in a comprehensive literature review of 24
articles (13 case reports and 11 research articles) 2 Ofthe
176 patients who received ICIs after alloHCT, 44 patients
(25%) developed GVHD; 25 patients (14%) developed
aGVHD and 19 patients (11%) developed c¢GVHD.
Furthermore, the investigators reported 10 GVHD-
related deaths. The authors did not report any associa-
tion between GVHD prophylaxis regimen and GVHD.

Use of PTCy after HLA-matched alloHCT has been
shown to be safe and efﬁcacious,16 and is now a stan-
dard for GVHD prophylaxis at our institution in patients
deemed to be medically fit to receive PTCy. At the time
of this study, patients received PTCy based on the clinical
judgment of their primary stem cell transplant physician,
considering their HCT-CI score, performance status and
the risk of GVHD. PTCy was first used for GVHD prophy-
laxis in recipients of haploidentical alloHCT' ' *! and
has since been adopted in patients receiving grafts from
matched related and matched unrelated donors.”*™
Recently, a randomized phase II clinical trial compared
the efficacy of three GVHD prophylaxis regimens,
including PTCy, in patients who had undergone alloHCT
with matched related and matched unrelated donors.”
Of the three regimens compared, only the PTCy-
containing regimen attenuated the risk of severe aGVHD
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and cGVHD. There are multiple studies that showed that
PTCy does not increase relapse rate in the matched or
mismatched setting, For instance, our group had previ-
ously compared PTCy to traditional GVHD prophylaxis
in 7/8 mismatched unrelated donor donors and reported
encouraging results in patients receiving PTCy, showing
no difference in non-relapse mortality compared with
patients who did not receive PTCy.35

Efficacy of PTCy in reducing GVHD was also shown in
patients who received ICI therapy prior to alloHCT. In a
retrospective analysis of 43 patients with AML/MDS who
were treated at our institution with ICIs prior to alloHCT,
Oran et al reported that patients who received PTCy
had a lower incidence of grades 3—4 aGVHD than did
patients who did not receive PTCy (5% compared with
22%).%® Similar findings also were reported by Schoch et
al, who reported no grades 3—4 aGVHD with the use of
PTCy in a series of 14 patients who received ICI therapy
prior to alloHCT.*” Our data corroborate these reports
and support the use of PTCy to reduce GVHD after ICI
therapy. Although we recognize that the conditioning
regimens used in lymphoid malignancies prior to alloHCT
differ from the conditioning regimens used in myeloid
malignancies, our study may be applicable primarily to
patients with AML/MDS who receive myeloablative or
non-myeloablative conditionings that incorporates PTCy
as GVHD prophylaxis.

Several mechanisms may be mediating the decrease
in aGVHD incidence following PTCy. In patients who
undergo haploidentical alloHCT, a preferential increase
in the frequency of regulatory T cells was reported in
those who received PTCy.” This was also validated in
murine models, in which PTCy successfully restored T
cell homeostasis and reduced GVHD induced by PD17/"
donor T cells, rescuing PD-17~ regulatory T cells from
apoptosis.” The use of PTCy for GVHD prophylaxis
therefore may be abrogating ICI-induced T cell-mediated
GVHD by selectively abolishing alloreactive T cells,
stimulating regulatory T cells and promoting long-term
tolerance.”™* Therefore, PTCy GVHD prophylaxis may
increase the safety of using ICI therapy in patients who
experience relapse after alloHCT.

Even with the limitations of the retrospective nature of
our analysis, ours is the first study to investigate the effects
of PTCy on outcomes of AML/MDS patients who receive
ICI therapy for disease relapse after alloHCT. Our data
suggest that irAEs associated with the use of ICI therapy
after alloHCT may be lessened in patients who receive
PTCy as GVHD prophylaxis. Given the small number of
patients in our study, further prospective investigation
with a larger number of patients is needed to determine
the magnitude of the effect of PTCy on reducing aGVHD
following ICI therapy.
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