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Introduction: The prognosis of relapsed/refractory acute myeloid leukemia (r/
rAML) is dismal, and allogeneic hematopoietic stem cell transplant (allo-HSCT) is
a potential cure. Combining anti-PD-1, hypomethylating agent (HMA), and CAG
(cytarabine, aclarubicin/idarubicin, granulocyte colony-stimulating factor)
regimen has showed primary efficacy in r/rAML. However, pre-transplant
exposure to anti-PD-1 may lead to severe graft-versus-host disease (GVHD).
This preliminary study aimed to evaluate the safety and efficacy of allo-HSCT in r/
rAML patients receiving the anti-PD-1+HMA+CAG regimen.

Methods: Fifteen r/rAML patients (12 related haploidentical donors [HIDs], 2
matched siblings, 1 unrelated donor) received this regimen and subsequent
peripheral blood HSCT.

Results: Four patients with HIDs received a GVHD prophylaxis regimen consisted of
Anti-thymocyte globulin and a reduced-dose of post-transplant cyclophosphamide.
The median follow-up was 20.9 months (range, 1.2-34.2). The cumulative
incidences of acute GVHD grade 2-4 and grade 3-4 were 40% and 13.3%,
respectively. The 2-year incidence of moderate-to-severe chronic GVHD, non-
relapse mortality, and relapse were 10%, 22.3%, and 22.5%, respectively. The 2-year
overall survival and GVHD-free/relapse-free survival rates were 54% and 48.6%,
respectively. No death or relapse was observed in the PTCy group.

Conclusion: The anti-PD-1+HMA+CAG regimen bridging to allo-HSCT for r/r
AML was tolerable with promising efficacy. GVHD prophylaxis with PTCy for HID-
HSCT showed preliminary survival advantage.

KEYWORDS

Anti-PD-1, allogeneic hematopoietic stem cell transplantation, relapse/refractory acute
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Introduction

The prognosis of relapsed/refractory acute myeloid leukemia (r/
rAML) is dismal with conventional multi-agent chemotherapy and
allogeneic hematopoietic stem cell transplant (allo-HSCT) is a potential
cure (1). Nevertheless, relapsed/refractory status prior to the start of
transplantation remains an independent risk for relapse after
transplantation. Programmed cell death proteinl (PD-1) and its PD-
1 ligand 1 (PD-L1) are essential immune checkpoint mechanisms that
maintain immune tolerance (2). However, when hijacked by tumor
cells, the expression of PD-L1 on tumor cells and tumor-associated
antigen-presenting cells changes, suppressing PD-1-expressing T cells
to evade immunosurveillance and cause immune evasion (3, 4). PD-1
blockade induces preferential stimulation of antitumor effector T cells
and mediates antitumor activity (2). Consequently, anti-PD-1 therapies
have shown substantial clinical efficacy in the treating hematologic
malignancies, such as classic Hodgkin lymphoma (HL), non-HL, and
multiple myeloma (5). Similarly, PD-1 dysregulation has been observed
in AML (6, 7), leding to clinical trials evaluating PD-1 blockade therapy
in AML patients. Furthermore, patients with multiple relapses have
higher frequencies of PD-17/CD8" T cells in bone marrow (BM)
compared to those with first relapse or newly diagnosed AML (8), and
this overexpression of PD-1 may predict poorer overall survival (OS)
(9, 10). Although anti-PD-1 monotherapy exhibited limited clinical
efficacy, combinations of anti-PD-1 and hypomethylating agent
(HMA) or cytotoxic chemotherapy have been investigated for r/r
AML in recent years (11-13). In our recent study, combinations of
azacitidine or decitabine plus CAG regimen (cytarabine, aclarubicin,
granulocyte-colony-stimulating factor [G-CSF]) with tislelizumab have
showed primary efficacy in r/rAML patients (14). Consequently, the
participants in these anti-PD-1-based regimen trials are increasingly
becoming potential candidates for allo-HSCT with curative intent.

However, the transplant outcomes of HSCT may be altered in
patients previously exposed to PD-1 inhibitors due to their
immunomodulatory mechanisms and long half-lives (15, 16).
Specifically, residual PD-1 inhibitors at the time of HSCT may lead to
a more robust donor T cell response, resulting in enhanced graft-versus-
tumor (GVT) effects, but on the downside, this may also increase toxicity
in the form of graft-versus-host disease (GVHD) (15, 16). A mechanism
study using murine models demonstrated that inhibition of PD-1
signaling induced aggressive expansion of CD4" conventional T cells,
while regulatory T cells could not maintain expansion due to high
susceptibility to apoptosis. This discordant immune recovery resulted in
the development of severe GVHD (17). Initial clinical studies have
shown that pretransplant exposure to checkpoint inhibitor (CPI) may
lead to higher rates of grade 3-4 acute GVHD (aGVHD) (17% ~ 29%)
and GVHD-related mortality (9% ~ 35%) than expected (18-21).
Nevertheless, most of the previously reported evidence was based on
lymphoma patients, with only a few on AML patients (13, 19, 22).
Additionally, the baseline characteristics of patients in these reports were
highly heterogeneous in terms of the allograft donor source, disease risk
stage, GVHD prophylaxis type, and follow-up period, affecting the
credibility of their transplant outcomes.

Recent studies have demonstrated that post-transplant
cyclophosphamide (PTCy) may effectively mitigate GVHD risk
associated with pretransplant CPI use (19, 23-25). In our
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conventional routine for GVHD prophylaxisis based on Ciclosporin
A (CsA) plus short-term methotrexate (MTX), the incidences of acute
GVHD grade 2-4, grade 3-4 and chronic GVHD were 50%, 9% and
25%, respectively. Our previous study showed promising efficacy of the
novel regimen (anti-PD-1+HMA+CAG) as chemotherapy in 27 1/r
AML patients (14). Therefore, this study aimed to evaluate the toxicity
and efficacy of HSCT in r/r AML who received this novel regimen
pretransplant. PTCy was added to the conventional GVHD
prophylaxis in 4 out of 12 patients with haploidentical donors (HIDs).

Methods
Study design and participants

This retrospective study enrolled patients with r/r AML who had
failed at least one cycle of intensive induction chemotherapy or
developed relapse. The patients were treated with the tislelizumab +
HMA + CAG regimen before undergoing HSCT at the Chinese PLA
General Hospital in Beijing. From September 15, 2020, to November
30, 2023, a total of 41 patients received the tislelizumab + HMA + CAG
regimen (ClinicalTrials.gov identifier NCT04541277) for the treatment
of AML, and among them, 15 patients underwent allo-HSCT after
receiving the treatment regimen (Supplementary Figure 1).

The trial was approved by the Ethics Committee of the Chinese
PLA General Hospital (No. S2020-296-01) and conducted in
accordance with the Declaration of Helsinki and the International
Conference on Harmonization Good Clinical Practice guidelines. All
participants provided written informed consent before enrollment.

Definitions and assessments

The terms “treatment response” and “disease status” were
redefined based on the 2022 ELN recommendations provided by an
International Expert Panel for AML (26). Complete remission (CR)
was defined as having less than 5% bone marrow blasts without any
recurrence of extramedullary disease, along with complete hematologic
recovery, in patients with AML. The criteria for CR with incomplete
hematologic recovery (CRi), partial remission (PR), and morphologic
leukemia-free state (MLES) have not changed. No response (NR):
patients evaluable for response but not meeting the criteria for CR, CR
with partial hematologic recovery, CRi, MLES or PR will be categorized
as having ‘NR’ (26, 27). Refractory disease was defined as the absence of
CR/CRIi after one cycle of induction chemotherapy. On the other hand,
relapse is diagnosed in AML patients who have previously achieved CR
but demonstrate an increase in blasts in the bone marrow to 5% or
more, reappearance of blasts in the blood, or the development of
extramedullary disease. Both the disease typing diagnosis and the risk
categorization were reassessed using the 2022 ELN recommendations
(26, 28). HSCT-specific comorbidity index (HCT-CI) and Disease Risk
Index (DRI) were calculated for all patients as described, respectively
(29, 30). Detailed data were recorded in standardised electronic forms
prospectively but revaluated and integrated retrospectively.

The endpoints of interest included cumulative incidence of
aGVHD (100 days) and chronic GVHD (cGVHD) (2-year), 2-year
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cumulative incidence of non-relapse mortality (NRM), 2-year
cumulative incidence of relapse (CIR), the probability of 2-year
overall survival (OS), and 2-year GVHD-free/relapse-free survival
(GRES). The criteria defined by Przepiorka et al. are used for the
diagnosis and grading of aGVHD, while the NIH scoring system is
used for cGVHD diagnosis and grading (31). NRM was defined as
death from any cause other than malignancy relapse. CIR was
measured from the date of transplantation until the date of
hematologic relapse. The time from transplantation to any cause
death or the last follow-up was defined as OS. GRFS events were
defined as grade 3-4 aGVHD or ¢cGVHD requiring systemic
immunosuppressive treatment, disease relapse, or any-cause death
during the first 12 months after allogeneic HCT (32). The first three
consecutive days with an absolute neutrophil count > 0.5 x 10°/L
indicated neutrophil recovery. Platelet recovery was defined as the first
seven days with an untransfused platelet count of > 20 x 10”L.

Tislelizumab + HMA + CAG regimen

The tislelizumab + HMA + CAG regimen was initiated as described
previously (14). The anti-PD-1 containing treatment regimen
pretransplant consisted of azacitidine 75 mg/m* subcutaneously (SQ)
daily, day 1-7 or decitabine 20 mg/m? intravenously (i.v.) daily, day 1-5
plus CAG regimen (cytarabine 100 mg iv. every 12 h, day 1-5;
aclarubicin 20 mg iv. daily, day 1-5 or idarubicin 10 mg iv., day 1, 3
and 5); and G-CSF 5 ug/kg/day subcutaneously (SC), from day 0 to end
of chemotherapy (when the white blood cell count exceeds 10x 10°/L)
with tislelizumab 200 mg iv., day 6 or day 8 (started the day after
chemotherapy was stopped). Dosage of cytarabine was reduced to 10
mg SC every 12 h in patients with any of the following conditions: (1)
presence of obvious heart, lung and kidney complications; (2) BM
hypoproliferation. Each cycle lasted for 28 days and the cycles were
repeated every 4-6 weeks, depending on count recovery and in the
absence of disease progression or unacceptable toxicity.

Conditioning regimens and
GVHD prophylaxis

All recipients received myeloablative conditioning, which
included the following regimens:

1. Modified busulfan plus Cy (BuCy) based regimen: It
consisted of Bu (9.6 mg/kg, i.v., days -10 to -8),
carmustine, (250 mg/mz, day -5), cytarabine (4 g/mz,
days -7 to -6), and Cy (100 mg/kg, days -4 to -3).

2. Modified fludarabine (Fl) and Bu-based regimen: In this
regimen, Cy in the BuCy regimen was replaced with FI
(30 mg/mz, days -7 to -3).

For basic GVHD prophylaxis, CsA, mycophenolate mofetil
(MMF), and short-term MTX were considered. CsA (3 mg/kg, iv.,
ql2 h) was administered starting on day -10, and the trough
concentration was adjusted to 150~250 ng/ml. CsA dose was
decreased from 3 months after HSCT in case of no GVHD
occurrence until discontinuation at around 1.5 years. MMF was
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administered orally starting on day -10 (0.5 g, q12 h), and withdrawn
on day +45 for HID-HSCT and +30 for matched sibling donors
(MSD)-HSCT. MTX was administered iv. with a dose of 15 mg/m*
on day +1 and 10 mg/m* on days +3, +6, and +11. Anti-thymocyte
globulin (ATG, 5 mg/kg, days -3 to -2) was used in MSD-HSCT while
ATG (1.5 mg/kg, day -5; 2.5 mg/kg, day -4) was used in both HID-
HSCT and unrelated donor (URD)-HSCT. The mathematical function
was exploited to determine the total targeted ATG dose on days -3 to -2
based on the concentrations of active ATG on days -5 to -4 (33).
Subgroup analysis in HID-HSCT was stratified by GVHD prophylaxis
based on the use of reduced-dose PTCy (two doses of 14.5 mg/kg Cy
given on days +3 and +4 post-HSCT) (n=4) or non-PTCy (n=8). The
supportive care strategies followed previously reported data (34).

Eligible responders were also offered allo-HSCT based on the
availability of a suitable donor and at the discretion of the
treating physician.

Statistical analysis

The Kaplan-Meier method was used to calculate OS and GRFS.
Cumulative rates of NRM, relapse, and GVHD were estimated using
the competing risk model. Competing events were defined as follows:
for NRM, relapse; for relapse, NRM; for GVHD, death without GVHD;
incidence of various transplantation-related complications, death
without various transplantation-related complications. Statistical
analyses were performed using NCSS 2021 (64-bit), RStudio
(Version, 6.2.0), and GraphPad Prism (Version, 9.2.0.) software tools.

Results

Characteristics of patients, pre-transplant
treatment, and transplantation

A total of 15 (male:11; female: 4) r/r AML patients treated with
tislelizumab + HMA + CAG regimen prior to HSCT were enrolled in
this analysis. Baseline demographic and clinical characteristics are shown
in Table 1. The median age of the patients at diagnosis was 42 years
(range, 21-56 years). Among 15 patients, 11 (73.3%) patients had
refractory disease while 4 (26.7%) patients had disease relapse. A
heatmap of basic clinical traits and somatic mutations of 15 patients is
presented in Figure 1. The median number of the 3 systematic treatments
pre-transplant was 3 (range 2-7) and 1 cycle (range, 1-4) for the
tislelizumab + HMA + CAG regimen. As for immune-related adverse
events (irAEs), only two patients were of grade 3 (thyroiditis and
pneumonitis). No deaths were directly attributable to irAEs. The best
response to tislelizumab + HMA + CAG regimen was CR/CRi in 11
patients (73.3%; CR:10; CRi:1), PR in 1 patient (6.7%), and NR in 3
patients (20%). Prior to HSCT, 73.3% of the patients were in CR
(measurable residual disease (MRD)+:7; MRD-:4) and 26.7% had
refractory disease (PR:1; NR:3). Of them, ten patients (66.7%) achieved
CR/CRi after 1-2 courses of tislelizumab + HMA + CAG regimen, and
another patient (6.7%) achieved CR after 4 courses (Table 1).

The median interval between last anti-PD-1 treatment and allo-
HSCT was 2.5 months (range, 1.7-6.9). Table 1 also summaries the
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transplantation characteristics of 15 patients. Allo-HSCT following
AML treatment was performed in 15 patients with HLA-HID (n = 12),
HLA-MSD (n = 3), and HLA-URD (n = 1). All 15 patients received
graft sources from hematopoietic stem cells of the donors’ peripheral
blood. Patients were analyzed on the basis of whether they received

PTCy as GVHD prophylaxis. The GVHD prophylaxis consisted of

ATG + CSA + MTX + MMF in 11 patients (HID: 8; MSD: 2; URD:1)
and ATG + CSA + MTX + MMF + PTCy in 4 patients (HID: 4).

TABLE 1 Baseline and transplant characteristics of patients (n=15).

Characteristic

Number

Percent

Total (cases) 15 100.0
Patient age (median, years [range]) 42 [21-56] -
Sex

Male 11 733
XV[P:::gbel]?od cell count (median, x10°/ 11 [L.6-156] _
ELN 2022 disease typing diagnosis

AML with recurrent genetic abnormality 7 46.7

AML with MR gene mutations 2 133

AML with MR cytogenetic abnormalities 3 20.0

AML not otherwise specified 3 20.0
Diagnostic qualifiers

AML-de novo 13 86.7

Therapy-related AML 2 133
With extramedullary leukemia 2 133
ELN 2022 risk classification

Favorable 1 6.7

Intermediate 4 26.7

Adverse 10 66.7
Fusion genes

AMLI-ETO 5 ‘ 333

MLL-AF6 1 ‘ 6.7

MLL-AF10 1 ‘ 6.7

NUP98-NSD1 1 ‘ 6.7
Cycles of prior systemic therapies
(median [range]) 327 -
Anti-PD-1 treatment regimen

Tislelizumab + ACAG 7 46.7

Tislelizumab + DCAG 8 53.3
Number cycles of Tis.lelizumab + HMA + 111-4] _
CAG treatment (median [range])

(Continued)
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TABLE 1 Continued

Characteristic Number  Percent
Best response to PD-1 inhibitor
CR/CRi 11 73.3
PR 1 6.7
NR 3 20.0
Number of patients with irAE while on PD-1 inhibitor (prior
to transplant)
Immune-related thyroiditis 1 6.7
Immune-related pneumonitis 1 6.7
Interval between last anti-PD-1
treatment and HSCT (median, 2.5[1.7-6.9] -
months [range])
Donor/HLA type
Matched related 2 133
Haploidentical 12 80.0
Mismatched unrelated 1 6.7
Donor age (median, years [range]) 31 [13-59] —
Donor/recipient sex
Female to male 4 26.7
Others 11 733
ABO compatibility
Matched 8 53.3
Major mismatched 2 133
Minor mismatched 2 133
Major and minor mismatched 3 20.0
HCT-CI scores before HSCT
<3 13 86.7
>3 2 133
DRI before HSCT
Low 2 133
Intermediate 9 60
High 3 20
Very high 1 6.7
ECOG
0 1 6.7
1 11 73.3
2 3 20.0
Conditioning regimen
Modified Bu/Cy based regimen 13 86.7
Modified FI/Bu based regimen 2 13.3
(Continued)
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TABLE 1 Continued

Characteristic Number  Percent

GVHD prophylaxis

ATG, CSA, MMF, MTX, PTCy 4 26.7

ATG, CSA, MMF, MTX 11 733
The volume stem cell infusion

Mononuclear cells (median, x10%/L [range]) 13.5 [5.7-28.2] ‘ -

CD34" cells (median, x10°/L [range]) 3.6 [1.4-8.7] ‘ =
Follow-up from transplantation (median,
months [range]) 20.9 [1.2-34.2] -

ELN, European Leukemia Net; AML, Acute myeloid leukemia; MR, myelodysplasia-related;
ACAG, azacytidine, cytarabine, aclarubicin, G-CSF; DCAG, decitabine, cytarabine,
aclarubicin, G-CSF; CR, complete remission; CRi, CR with incomplete hematologic
recovery; PR, partial remission; NR, no response; irAE: immune-related adverse events;
HCT -CI, hematopoietic cell transplant-comorbidity index; HSCT, hematopoietic stem cell
transplantation; DRI, Disease Risk Index; ECOG, ECOG, Eastern Cooperative Oncology
Group performance status; Bu, busulfan; Cy, cyclophosphamide; Fl, fludarabine; TBI, total
body irradiation; TT, thiotepa; ATG, anti-thymocyte globulin; CSA, cyclosporine; MTX,
methotrexate; MMF, mycophenolate mofetil; PTCy, posttransplant cyclophosphamide.

Engraftment and GVHD

All patients (100%) had successful neutrophil engraftment while
fourteen patients (93.3%) had successful platelet repopulation after a
median of 14 days (range, 12-17 days) and 16 days (range, 11-25 days),
respectively. Of the 15 transplanted patients, 7 (46.7%) developed graft-

O T OO T ] RISK RISK (ELN 2022)
=SSN N GENDER Adverse
OB W W [ [ WAGE Favorable
RN sTATUS Intermediate
OTHER
GENDER
RUNXT
Female
IDH1/2 Male
ASXLT AGE
CEBPA <=40
wr1 >40
|| JAK3 STATUS
KIT HAlive
PTPNT1 Dead
U2AF1
NRAS
s
DNMT3A
FLT3~ITD
SRSF2
1
FIGURE 1

Heatmap of basic clinical traits and somatic mutations of patients
(n=15). Columns represent individual patients and rows represent
clinical variables or the presence of mutations identified

at diagnosis.
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versus-host disease (n=5, grades 1-2, n=2, grade 3-4), and 6 responded
to the treatment. The 100-day cumulative incidences of aGVHD, grade
2-4, and grade 3-4 aGVHD were 46.7%, 40%, and 13.3%, respectively
(Figure 2A). Patient number 6 who failed to achieve platelet engraftment
developed grade 3-4 aGVHD of the lower gastrointestinal tract on day
12, which was complicated by acute kidney injury, drug-induced liver
injury, intracranial hemorrhage, gastrointestinal hemorrhage, and death
on day 36. Patient number 8 developed grade 3 gastrointestinal aGVHD
combined with grade 1 hepatic aGVHD and achieved CR after the
treatment of Ruxolitinib (Supplementary Table 1). The 2-year incidence
of cGVHD and moderate-to-severe cGVHD were 40.9% and 10%,
respectively (Figure 2B).

Toxicity and outcomes

The median follow-up time was 20.9 months (1.2-34.2 months)
with a mortality rate of 40% (n=6). Supplementary Table 1
demonstrates the toxicity, outcomes, and deaths of 15 patients
during transplantation. Three patients died of nonrelapse-related
conditions, one of grade 3-4 early aGVHD 4 with gut involvement
after 1.2 months (patient 6), one of severe pulmonary infection after
2.1 months (patient number 12 was complicated by peritoneal
effusion, transplant-associated thrombotic microangiopathy,
multiple organ dysfunction syndrome), and another one had LOPS
(late-onset severe pneumonia, LOSP) after 14.8 months (patient
number 8) after transplantation. The cumulative incidence of
cytomegalovirus (CMV) DNAemia in 2 years was 40% (95% CI:
22%-74%), and that of Epstein-Barr virus infection was 43% (95% CI:
16%-68%) (Supplementary Table 1). One patient developed CMV
cystitis in +0.74 months and CMV pneumonia in +2.3 months.

One patient received Sorafenib as maintenance therapy 3 months
after transplantation. Another patient received donor lymphocyte
infusion three months after HSCT for relapse prophylaxis. Three
patients died from relapse after 3.3, 5.5, and 10.6 months. The 2-year
NRM and CIR were 22.3% (95% CI, 8.1-61.7) and 22.5% (95% CI,
8.1-62.2), respectively (Figure 2C). The 2-year OS and GRFS were
54% (95% CI, 26.1-81.9) and 48.6% (95% CI, 20.9-76.3) (Figure 2D),
respectively. A total of 9 patients survived and remained in CR 5.2-
39.2 months after transplantation (Figure 3).

Subgroup analysis in HID-HSCT

In PTCy group, 3 patients developed aGVHD grade 1-2, and in
non-PTCy group, 1 developed aGVHD grade 1-2 and 2 grade 3-4.
One patient in each group develpoed cGVHD mild type. The
median follow-up was 19 months in the non-PTCy group and 7.7
months in the PTCy group. In the non-PTCy group 3 patients died
of NRM (n=2, pulmonary infection; n=1, grade 3-4 aGVHD) and 3
died of disease relapse; however no death or relapse was observed in
the PTCy group. As observed in Table 2, the PTCy group showed a
trend toward higher 2-year OS and GRFS rate as compared with the
non-PTCy group.
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The cumulative incidence of grade 2-4 aGVHD and grade 3-4 aGVHD of patients enrolled (A). The cumulative incidence of cGVHD and moderate-
to-severe cGVHD of patients enrolled (B). The NRM and CIR of patients enrolled (C). The OS and GRFS of patients enrolled (D). aGVHD, acute graft-
versus-host disease; cGVHD, chronic graft-versus-host disease; NRM, non-relapse mortality; CIR, cumulative incidence of relapse; OS, overall

survival; GRFS, graft-versus-host disease-free/relapse-free survival.

FIGURE 3

Swimmer plot illustrating the clinical course of 15 patients. Tislelizumab + HMA + CAG regimen, treatment response, survival status, and allogeneic
stem cell transplantation status of the enrolled patients are shown. CR, complete remission; PR, partial remission; NR, no response; HSCT,
hematopoietic stem cell transplantation; HMA, hypomethylating agent; CAG, azacytidine, cytarabine, aclarubicin.
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Discussion

The treatment of r/r AML patients is a known challenge for
hematologists since decades. Despite numerous clinical studies,
outcomes are consistently disappointing with 5-year OS rates
reported to be not more than 10% (1). Traditional intensive
chemotherapy for r/r AML mainly includes purine analogues (such
as Fl and cladribine) -based regimens, with ORR of 30%-45% and
median survival being 8-9 months (35). Recently, the combination of
targeted therapy with chemotherapy has shown a higher remission
rate, ranging from 40% to 70% in patients with relapsed/refractory
AML, which has become a crucial option in clinical practice (36-40). A
multicenter, phase 2 trial has shown that the regimen combining
venetoclax (VEN) with azacitidine and homoharringtonine for 96 R/R
AML patients achieved a high composite complete remission rate (CR
plus CRi) of 70.8% (37). Notably, 40 patients (41.6%) who bridged to
allo-HSCT achieved the 1-year OS of 85.0%. However, extended
follow-up is essential to confirm the durability of the responses and
long-term survival. Furthermore, a combination regimen of targeted
drugs (including drugs for specific targets and VEN) + HMA has also
achieved good therapeutic effects for R/R AML patients (41-44).Our
previous study reported that the combination of the anti-PD-1
antibody tislelizumab and HMA + CAG regimen improved ORR up
to 63% (14), thereby providing patients with the suitable opportunity of
allo-HSCT. Despite the robust efficacy of PD-1 inhibition, its immune
mechanism raised high concerns of excessive T cell activation and
immune toxicity like GVHD after allo-HSCT (16).

The primary observation from our investigation is that allo-HSCT
after tislelizumab + HMA + CAG regimen appears feasible with an
acceptable safety and efficacy profile, thereby providing a promising
potential treatment strategy for r/r AML. Meanwhile, this study has
utilized the combination of PTCy and ATG for GVHD prophylaxis in
r/t AML patients who received prior PD-1 antibodies before
transplantation for the first time. Athough only four patients in the
PTCy group could be evaluated, the results are encouraging. No grade
3-4 aGVHD, moderate-to-severe cGVHD, relapse, or death were
observed with a median follow-up of 7.7 months. This indicates that
the PTCy group seems to show an initiatory trend toward better

10.3389/fimmu.2024.1409302

outcomes when compared with the non-PTCy group. However, given
the small sample size of this study, conducting a subgroup analysis
would further reduce the number of cases per group, making
meaningful statistical analysis challenging. Despite these limitations,
the observed trends justify further investigation with an expanded
sample size to confirm these initial findings.

To the best of our knowledge, previous studies among patients with
AML and myelodysplastic syndromes (MDS) reported that the
incidence of severe aGVHD (22%-26%) was higher than without the
use of PTCy (13, 19). Similarly, our results in the patients without
PTCy group (n=11) concurred with those, in which the incidence of
grade 3-4 aGVHD is 18.2% (Supplementary Table 2). Previous
retrospective investigations among patients with myeloid
malignancies exposed to PD-1 inhibitor pretransplant mainly
focused on HLA-matched transplants (13, 19). In our results, most
of the patients (12/15, 80%) received peripheral blood grafts from HID,
while the remaining 2 received from MSD, and 1 from a URD.

Notably, all 4 patients in the PTCy group survived in complete CR
without severe toxicity and GVHD, which is rare after allo-HSCT for r/
r AML. The addition of PTCy failed to increase transplantation-related
mortality or the relapse rate after transplantation besides affecting
hematopoietic reconstitution. Our study preliminarily corroborated
the findings of Oran et al, indicating a consensus on the use of
PTCy as GVHD prophylaxis improves outcomes of patients exposed to
anti-PD-1 pretransplant (19, 24, 25). Previous preclinical models also
suggested that inhibition of the PD-1 axis around the time of allo-
HSCT augments the activity of alloreactive T cells and impairs the
expansion of T regulatory cells, resulting in both increased immune-
related toxicity and anti-tumor activity (17, 45-47). PTCy may be able
to restore Treg and effector T cell homeostasis, thereby lowering the risk
of acute GVHD (17). All the aforementioned findings support the
results observed in this study. Though our results align with the aspects
mentioned by Oran et al, discrepancies arise in terms of different
disease diagnoses and risk stages, allograft donor source, GVHD
prophylaxis regimen containing both PTCy and ATG and the span
of follow-up period.

Our study innovatively contributes by the combination of PTCy
and ATG for GVHD prophylaxis in r/r AML patients receiving PD1

TABLE 2 Transplantation outcomes of haploidentical transplantation by GVHD prophylaxis.

All Patients N = 12

No PTCy Group N = 8

PTCy Group N = 4

vent/ - estimate 95% €)™ Estimate 95% <) (Y™ Estimate (95% CI)

Acute GVHD (100-days) 6/12 50% (28.4%-88.0%) 3/8 37.5% (15.3%-71.7%) 3/4 75% (42.6%-100%)
Grade 1-2 4/12 33.3% (15.0-74.2%) 1/8 12.5% (2%-78.2%) 3/4 75% (42.6%-100%)
Grade 3-4 2/12 16.7% (4.7%-59.1%) 2/8 25% (7.5%-83%) 0/4 0%

Chronic GVHD (2-year) 2/9 29.6% (8.8%-99.9%) 1/5 20% (3.5%-100%) 1/4 50% (12.5%-100%)
Moderate-to-severe 0/9 0% 0/5 0% 0/4 0%

2-year oS 6/12 38.6% (6.1%-71.1%) 6/8 15.6% (0-43.4%) 0/4 100%

2-year CIR 3/12 30% (11.2%-80.5%) 3/8 41.7% (17.3%-100%) 0/4 0%

2-year NRM 3/12 29.5% (11.1%-79.2%) 3/8 40.6% (16.7%-98.7%) 0/4 0%

2-year GREFS rate 6/12 43.8% (11.3%-76.2%) 6/8 18.75% (0-49.7%) 0/4 100%

GVHD, graft-versus-host disease; OS, overall survival; CIR, cumulative incidence rate; NRM, non-relapse mortality; GRFS, GVHD-free/relapse-free survival.
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antibodies pre-transplantation, which distinguishes it from the previous
findings of Wang et al. who focused on the combination of PTCy and
ATG as an effective strategy for GVHD prevention in haploidentical
patients (48). However, six patients with classic HL exposed to PD-1
blockade before allo-HSCT who received both PTCy and ATG had
exceptionally poor outcomes with a very high risk of NRM (23). One of
the potential reasons may be associated with different primary disease
types and their inherent characteristics. Therefore, further mechanism
explorations and prospective clinical trials are needed to validate and
refine these preliminary findings. Moreover, the shorter number of
chemotherapy cycles (median number of prior systemic therapy cycle:
3; median number of tislelizumab + HMA + CAG treatment cycle: 1)
may be associated with less endothelial dysfunction and tissue injury,
thereby contributing to lower GVHD. In addition, there is evidence that
a longer interval from anti-PD-1 to allo-HSCT may be associated with
less frequent severe aGVHD and the International consensus guidelines
have recommended a 6-week washout period between PD-1 blockade
therapy and transplant (23, 49). Consequently, the relatively longer
interval from the last dose of anti-PD-1 antibody to the transplantation
(median interval > 10 weeks) in the current study may also explain the
low incidence of severe aGVHD.

Our study had a few limitations that should be taken into
consideration before arriving at a conclusion. Firstly, due to the
sample size limitation and short follow-up, it was feasible to perform
statistical test analysis which might affect the conclusions drawn.
Secondly, there is a lack of studies investigating the possible
mechanisms by which PTCy mitigates the risk of aGVHD in
patients exposed to anti-PD-1 prior to HSCT, making correlations
difficult. Hence, these findings can be considered preliminary and there
is an unmet need to verify the results with a larger sample size to
accurately identify the benefits of allo-HSCT after tislelizumab + HMA
+ CAG therapy and the impact of the immunological profile of patients
post-transplant. Perhaps most importantly, given our finding that the
combination of reduced-dose PTCy and ATG-based GVHD
prophylaxis is associated with significant improvements in NRM and
relapse, we highly recommend this strategy to be further studied for
patients with r/r AML receiving allo-HSCT after PD-1 blockade. A
prospective single-arm clinical study evaluating this regimen has
already been registered and is ongoing (ClinicalTrials.gov
identifier NCT06238245).
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