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Key Points

• Unrelated-donor
PBSCT with PTCY
was associated with a
reduced relapse rate
compared with
tacrolimus-based
prophylaxis (25% vs
34%; P = .027).

• Moderate-to-severe
GVHD was reduced in
the PTCY cohort
compared with the
tacrolimus cohort (12%
vs 36%; P < .0001).
looda_adv-2023-009791-m
ain.pdf by
The ability of posttransplant cyclophosphamide (PTCY) to facilitate haploidentical

transplantation has spurred interest in whether PTCY can improve clinical outcomes in

patients with HLA-matched unrelated donors undergoing peripheral blood stem cell

transplantation (PBSCT). We investigated our institutional experience using PTCY-based

graft-versus-host disease (GVHD) prophylaxis compared with conventional tacrolimus-

based regimens. We compared overall survival, progression-free survival (PFS), relapse,

nonrelapse mortality, and acute and chronic GVHD in 107 adult patients receiving a

PTCY-based regimen vs 463 patients receiving tacrolimus-based regimens for GVHD

prophylaxis. The 2 cohorts were well balanced for baseline characteristics except that

more patients in the PTCY cohort having received 7-of-8–matched PBSCT. There was no

difference in acute GVHD. All-grade chronic GVHD and moderate-to-severe chronic

GVHD were substantially reduced in patients receiving PTCY compared with in those

receiving tacrolimus-based regimens (2-year moderate-to-severe chronic GVHD: 12% vs

36%; P < .0001). Recipients of PTCY-based regimens also had a lower incidence of relapse

compared with recipients of tacrolimus-based regimens (25% vs 34% at 2-years; P =

.027), primarily in patients who received reduced intensity conditioning. This led to

improved PFS in the PTCY cohort (64% vs 54% at 2 years; P = .02). In multivariable

analysis, the hazard ratio was 0.59 (P = .015) for PFS and the subdistribution hazard

ratio was 0.27 (P < .0001) for moderate-to-severe chronic GVHD and 0.59 (P = .015) for

relapse. Our results suggest that PTCY prophylaxis is associated with lower rates of

relapse and chronic GVHD in patients who receive HLA-matched unrelated donor

PBSCT.
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Introduction

Cyclophosphamide (Cy) is a highly immunosuppressive antineoplastic drug that remains a mainstay
of therapy in many hematologic malignancies.1 In blood and marrow hematopoietic cell trans-
plantation (HCT), Cy has been used for decades as part of conditioning regimens to prevent graft
rejection by suppressing the host immune system. In the posttransplant setting, pioneering work
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from Johns Hopkins University demonstrated that administration
of high-dose posttransplantation Cy (PTCY) can inhibit both
graft rejection and graft-versus-host disease (GVHD), making it
possible to cross human leukocyte antigen (HLA) barriers and
allow haploidentical stem cell transplantation (haplo-HCT).2

Based on this finding, a series of clinical trials with PTCY in
haplo-HCT were conducted and demonstrated similar outcomes
to matched related donor (MRD) or unrelated donor (URD)
transplantation with respect to survival, relapse, and GVHD.3-5

These critical studies revolutionized donor selection for alloge-
neic HCT by enabling haplo-HCT with PTCY for patients who
did not have HLA-matched donors.3-5 Recent mechanistic
studies revealed that PTCY prevents GVHD by limiting func-
tional alloreactivity in donor T cells and favoring more rapid
recovery of regulatory T cells, thereby inducing tolerance and
abrogating inflammation.6,7 Because other strategies for GVHD
prevention reportedly increase the risk of relapse through loss of
a graft-versus-tumor (GVT) effect, there has been concern that
the reduction in GVHD with PTCY may be associated with
higher relapse rates.8 However, rates of relapse after haplo-HCT
with PTCY do not appear to be higher compared with MRD or
URD HCT.9-11 Nevertheless, the role, and the exact setting, of
PTCY in mitigating relapse risk is unknown.

Based on its success in haplo-HCT, there is great interest in
assessing whether PTCY-based GVHD prophylaxis regimens
can be expanded beyond haplo-HCT to further improve out-
comes and possibly replace conventional calcineurin inhibitor
(CNI)-based GVHD prophylaxis regimens for MRD or URD
peripheral blood stem cell transplantation (PBSCT). Indeed, in
recent years, the Blood and Marrow Transplant Clinical Trials
Network (BMT CTN) has conducted a series of randomized
clinical trials to investigate the efficacy of PTCY compared with
tacrolimus (TAC)-based prophylaxis in the nonhaploidentical
transplantation setting.12-14 In 2 of these trials (BMT CTN 1203,
1703), PTCY was associated with lower incidences of acute
and chronic GVHD.12,14 Before BMT CTN 1703, a phase 3 trial
conducted by the Dutch group (HOVON-96) also reported a
lower incidence of acute and chronic GVHD in the PTCY
group.15 Another phase 3 trial (BMT CTN 1301), which used
PCTY alone without CNI after myeloablative conditioning bone
marrow transplantation, showed a significantly decreased
cumulative incidence of relapse (CIR) in the PTCY arm
compared with the control arm (13.9% vs 25.6%; P = .037)
with no difference in other outcomes.13 All these studies,
however, allowed various conditioning regimens, assuming that
the effect of conditioning regimen on transplant outcome is
independent of the effect of prophylactic regimen, despite the
fact that these 2 regimens are administered within a short
period of time. To complement these randomized clinical trials,
we hereby report our center’s experience with PTCY in non-
haploidentical transplantation to further explore the settings in
which PTCY confers the greatest benefit. In this study, we
compared transplant outcome between TAC-based and PTCY-
based prophylaxis. We then investigated in which conditioning
regimen setting PTCY exerts the most benefit with a particular
focus on whether PTCY in combination with less-intensive
conditioning regimens affects relapse rate and GVHD after
URD PBSCT.
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Methods

Patients

The Blood and Marrow Transplant Data Repository of the Dana-
Farber Cancer Institute was queried to identify all patients aged
≥18 years who underwent allogeneic PBSCT from an URD
between 1 January 2018 and 31 December 2021. In total, 606
consecutive transplants were identified from 570 distinct patients
who received PBSCT for hematologic malignancies. For patients
who underwent >1 allogeneic HCT, only the first was included in
this study. Of these 570 patients, 463 (81%) patients received
TAC-based GVHD prophylaxis, and 107 (19%) patients received
PTCY-based prophylaxis. The TAC-based prophylaxis in this study
included tacrolimus with methotrexate (TAC/MTX; n = 322),
tacrolimus with methotrexate and rapamycin (sirolimus) (TAC/MTX/
Rap; n = 116), and tacrolimus with rapamycin (TAC/Rap; n = 25).
All PCTY-based prophylaxis (n = 107) was administered with
tacrolimus and mycophenolate mofetil (PTCY/TAC/MMF). Most
patients (85%) received 8 of 8 (A, B, C, DRB1) matched unrelated
PBSCT. The study was approved by the institutional review board
of the Dana-Farber/Harvard Cancer Center and conducted in
accordance with the Declaration of Helsinki.

GVHD prophylaxis and conditioning regimen

PTCY-based GVHD prophylaxis consisted of administration of high-
dose Cy (50 mg/kg) on day +3 and +4 after transplantation, along
with TAC and MMF beginning on day +5. TAC was tapered at
approximately day +100, and MMF was discontinued between
day +28 and +35. The TAC/MTX regimen consisted of TAC begin-
ning on day 3 before transplantation and MTX administered on
days +1, +3, +6, and +11 after transplantation. TAC was tapered
beginning from approximately day +100 if there was no evidence of
active GVHD and discontinued from approximately day +180. For the
TAC/Rap or TAC/MTX/Rap regimens, TAC and MTX were adminis-
tered as described earlier, whereas Rap was started on day +3 and
administered daily.16 Rap (sirolimus) was tapered from approximately
day +100 if there was no evidence of active GVHD, and discontinued
at approximately day +180. In recent years, our center has transi-
tioned to using PTCY/TAC/MMF primarily for HLA-mismatched
transplants. Otherwise, no specific criteria were used to determine
use of prophylactic regimen, and decision to use PTCY- vs TAC-
based GVHD prophylaxis in the matched-transplant setting was at
the discretion of the transplant physician.

Conditioning intensity was defined by standard criteria and reduced
intensity conditioning (RIC) regimens in this study included fludar-
abine 120 mg/m2 with intravenous busulfan at doses of 3.2 mg/kg
(Flu/Bu1) or 6.4mg/kg (Flu/Bu2), fludarabine 120mg/m2 with
melphalan 100 mg/m2 to 140 mg/m2 (Flu/Mel), or fludarabine with
Cy and low-dose total body irradiation (TBI) 200 cGy (Flu/Cy/TBI).
Myeloablative conditioning (MAC) regimens included high-dose
busulfan (12.8 mg/kg) with fludarabine (Flu/Bu4), Cy
3600 mg/m2 with TBI of 1200 cGy (Cy/TBI), fludarabine 90 mg/m2

with TBI of 1200 cGy (Flu/TBI), and fludarabine 120 mg/m2 with
melphalan 140 mg/m2 and busulfan 9.6 mg/kg (Flu/Bu/Mel).

Study end points and statistical analysis

End points in this study included progression-free survival (PFS),
overall survival (OS), nonrelapse mortality (NRM), relapse, acute
8 AUGUST 2023 • VOLUME 7, NUMBER 15
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GVHD, chronic GVHD, the composite end point GVHD-free and
relapse-free survival (GRFS), neutrophil and platelet engraftment,
and cytomegalovirus (CMV) reactivation with the primary interest in
relapse. The Kaplan-Meier method was used to estimate PFS, OS,
and GRFS whereas cumulative incidence of NRM, relapse, GVHD
and CMV reactivation were estimated in the context of a competing
risks framework. The log-rank test and Gray test were used for
group comparisons. To assess the effect of GVHD prophylaxis on
time-to-events in the presence of other risk factors, multivariable
Cox regression analysis for OS, PFS, and GRFS and Fine and Gray
regression analysis for cumulative incidence of NRM, relapse, and
chronic GVHD were performed. Definitions of end points and
detailed statistical analysis are provided in the supplemental
Materials.

Results

Patients

The baseline characteristics are summarized in Table 1. Both
cohorts were well balanced with respect to age, sex, donor sex,
Karnofsky performance score (KPS), disease, CMV serologic sta-
tus, HCT comorbidity index (HCT-CI), disease risk index at trans-
plant, and conditioning intensity. Because of our current practice,
patients who received PTCY-based prophylaxis were more likely to
receive 7 of 8 matched PBSCT (53.3%) compared with the TAC
group (5.8%) (P < .0001). The proportion with donor age ≥40
years was also somewhat higher (15.9% vs 9.1%; P = .051) in the
PTCY group.

Clinical outcomes

For the entire cohort, the median follow-up among survivors was
24.3 months (range, 8.6-57). Two-year PFS was 64% in the PTCY
group and 54% in the TAC group (P = .02) (Figure 1A;
supplemental Table 1). Two-year OS was 66% in the PTCY group
and 62% in the TAC group (P = .067) (Figure 1B; supplemental
Table 1). Cumulative incidence of NRM in the PTCY and TAC
groups was similar (11% vs 12% at 2 years, respectively; P = .73)
(supplemental Table 1). However, the CIR was lower in the
PTCY group compared with the TAC group (25% vs 34% at 2
years; P = .027). (Figure 1D; supplemental Table 1)

Six-month cumulative incidence of grade 2-4 acute GVHD was
20% in both groups (P = .64) and grade 3-4 acute GVHD was
7.5% and 8.6% (P = .53) in the PTCY and TAC group, respec-
tively. (Figure 2A-B; supplemental Table 1). Consistent with prior
reports, the 2-year cumulative incidence of chronic GVHD was
32% and 58% (P = .00008) and moderate-to-severe chronic
GVHD was 12% and 36% (P < .00001) in the PTCY and the TAC
group, respectively (Figure 2C-D; supplemental Table 1). Because
of the lower CIR and moderate-to-severe chronic GVHD, the
composite end point GRFS was substantially higher in the PTCY
group compared with that in the TAC group (2-year GRFS, 56% vs
30%; P = .00001; Figure 1C). These outcomes are summarized
and presented as a stack plot in Figure 3A. To further assess the
impact of PTCY on outcomes, we performed multivariable
regression analysis using a Cox model for OS, PFS, and GRFS and
the Fine and Gray competing risks regression model for NRM,
relapse, and moderate-to-severe chronic GVHD. Consistent with
the results from the univariable analysis, subdistribution hazard ratio
(sHR) comparing the PTCY-based with TAC-based prophylaxis
8 AUGUST 2023 • VOLUME 7, NUMBER 15
was 0.51 (P = .009) for relapse and 0.27 for moderate-to-severe
chronic GVHD (P < .0001). HR was 0.44 for GRFS (P < .0001)
for GRFS, 0.59 for PFS (P = .015) and 0.63 for OS (P = .05).
There was no difference in acute GVHD and NRM (Figure 3B). In
these multivariable models, baseline characteristics such as age,
sex, donor age, male patient with female donor, KPS, diagnosis,
CMV serologic status, HCT-CI, HLA-match, disease risk index at
transplant, and conditioning intensity were adjusted for.

Subset analysis

To identify subsets of patients who benefit most from PTCY-based
prophylaxis, we performed univariable Fine and Gray regression
analysis for relapse and moderate-to-severe chronic GVHD
(Figure 4; supplemental Table 2). Overall, all sHRs were <1 for
relapse (median sHR, 0.63; range, 0.09-0.85) indicating that PTCY
was favorable across almost all subsets. Of these subsets, PTCY
was particularly favorable with patient age ≥60 years (sHR, 0.61;
P = .04), male patient sex (sHR, 0.48; P = .018), male patient with
female donor (sHR, 0.09; P = .016), 8 of 8 matched PBSCT (sHR,
0.43; P = .016), RIC (sHR, 0.59; P = .02), acute myeloid leukemia
(AML)/myelodysplastic syndrome (MDS) diagnosis (sHR, 0.62; P =
.05), low/intermediate disease risk index (sHR, 0.59; P = .036),
KPS <90 (sHR, 0.61; P = .035), and HCT-CI ≥ 3 (sHR, 0.53; P =
.02). CIR curves for these subsets are presented in supplemental
Figure 1. In particular, for 8-of-8 matched transplants, the CIR at
2 years was 17% in the PTCY group and 34% in the TAC group
(P = .013); for 7-of-8 matched transplants, it was 30.8% vs 38%
(P = .34) in the PTCY and TAC groups, respectively. (supplemental
Figure 1G-H). Despite the difference in relapse, the cumulative
incidence of NRM was similar for all 4 groups (2-year estimate,
11%-12%; data not shown). To further assess the effect of PTCY
on conditioning regimens, we performed similar analysis for RIC
and MAC regimens. In patients receiving Flu/Bu2, the 2-year CIR
was 19% and 40% in the PTCY and TAC groups, respectively
(P = .01); in patients receiving Flu/Bu4, it was 28% and 26%,
respectively (P = .97). (supplemental Table 3; supplemental
Figure 2). Of note, in patients receiving Flu/Bu2, the baseline
characteristics were balanced between the TAC and PTCY groups
except for a higher proportion of 7-of-8 matched transplants in the
PTCY group (5.9% vs 46.2%, respectively; P < .0001). Further-
more, in patients with AML/MDS receiving 8-of-8 matched trans-
plants, the 2-year CIR was 20% and 39% in the PTCY and TAC
groups, respectively (P = .027) and 15% and 44%, respectively
(P = .015) in patients with AML/MDS receiving 8-of-8 matched
PBSCT with Flu/Bu2 regimen. (supplemental Table 3;
supplemental Figure 2). However, the relapse rate was similar
between the 2 groups in patients receiving reduced conditioning
with Flu/Mel (P = .77). Relapse could not be compared in patients
receiving Flu/Bu1 because no patients with Flu/Bu1 received
PTCY-based prophylaxis. Because Cy is documented to have clear
antineoplastic activity in lymphoma, it is noteworthy to point out that
none of 7 patients with lymphoma who received PTCY relapsed
(0%) whereas 20 of 48 (42%) patients with lymphoma who
received TAC-based prophylaxis relapsed (2-year CIR, 0% vs 36%;
P = .03). (supplemental Figure 3; supplemental Table 3). Because
mTOR inhibitors could harbor antitumor activity, particularly in
lymphoid neoplasms, we compared relapse rates between PTCY
(n = 107) and sirolimus-containing (n = 141) GVHD prophylaxis.
We found that the relapse rate was significantly lower in the PTCY
LOWER INCIDENCE OF RELAPSE AND CHRONIC GVHD WITH PTCY 3905



Table 1. Baseline characteristics

TAC based (n = 463) PTCY based (n = 107)

n % n % P value

Patient-donor characteristics

Age, y .11

≥60 312 67.4 63 58.9

Median (range) 64 (21-79) 62 (21-78)

Patient sex .08

Female 181 39.1 52 48.6

Male 282 60.9 55 51.4

Donor .051

Aged ≥40 y 42 9.1 17 15.9

Median (range) 27 (18-54) 28 (18-64)

Donor sex .18

Female 161 34.8 45 42.1

Male 302 65.2 62 57.9

Male patient with female donor 66 14.3 17 15.9 .65

KPS .43

100-90 162 35 33 30.8

<90 301 65 74 69.2

Diagnosis .53

ALL 48 10.4 13 12.1

AML 178 38.4 42 39.3

MDS 128 27.6 26 24.3

Lymphoma 48 10.4 7 6.5

MDS/MPN 3 0.6 2 1.9

MPN 36 7.8 8 7.5

CML 5 1.1 3 2.8

Other leukemia* 17 3.7 6 5.6

Patient-donor CMV serologic status .13

R–/D– 161 34.8 41 38.3

R–/D+ 108 23.3 29 27.1

R+/D– 115 24.8 19 17.8

R+/D+ 79 17.1 17 15.9

UNK 1 0.9

HCT-CI .28

0 16 3.5 3 2.8

1 73 15.8 15 14

2 61 13.2 22 20.6

≥3 313 67.6 67 62.6

Median (range) 4 (0-10) 3 (0-10)

HLA type (A, B, C, or DRB1) <.0001

8/8 436 94.2 50 46.7

7/8 27 5.8 57 53.3

Disease risk index .94

Low 67 14.5 17 15.9

Intermediate 314 67.8 70 65.4

Matched: 8/8 matched. Mismatched: 7/8 matched.
CML, chronic myeloid leukemia; CR, complete remission; MPN, myeloproliferative neoplasm; UNK, unknown; R, recipient; D, donor.
*Other leukemia: diagnosis other than AML and MDS.
†Comparison of conditioning intensity.
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Table 1 (continued)

TAC based (n = 463) PTCY based (n = 107)

n % n % P value

High 58 12.5 15 14

Very high 24 5.2 5 4.7

Transplant characteristics

Conditioning intensity .9†

MAC 123 26.6 29 27.1

Flu/Bu4 100 21

Cy/TBI 20 1

Flu/TBI 2 7

Flu/Bu/Mel 1

RIC 340 73.4 78 72.9

Flu/Bu2 270 52

Flu/Mel 49 12

Flu/Bu1 19

Flu/Cy/TBI 2 14

GVHD prophylaxis regimen NA

PTCY/TAC/MMF 107 100

TAC/MTX 322 69.5

TAC/Rap 25 5.4

TAC/Rap/MTX 116 25.1

Matched: 8/8 matched. Mismatched: 7/8 matched.
CML, chronic myeloid leukemia; CR, complete remission; MPN, myeloproliferative neoplasm; UNK, unknown; R, recipient; D, donor.
*Other leukemia: diagnosis other than AML and MDS.
†Comparison of conditioning intensity.
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group compared with sirolimus-containing GVHD prophylaxis (2-
year CIR, 25% vs 41%, respectively; P = .002; sHR, 0.49; 95%
confidence interval, 0.31-0.78) (supplemental Table 3B;
supplemental Figure 3B).

For moderate-to-severe chronic GVHD, the impact of PTCY
was deeper in that sHR was much lower (median sHR, 0.27;
range, 0.06-0.74) and all subsets including patients who
received myeloablative conditioning PBSCT (sHR, 0.08; P =
.014) benefited substantially from PTCY-based prophylaxis with
a few exceptions (Figure 4B; supplemental Table 2). The inci-
dence rate of moderate-to-severe chronic GVHD was also
significantly lower in the PTCY group (n = 107) compared with
sirolimus-containing GVHD prophylaxis (n = 141) (2-year esti-
mate, 12% vs 43%, respectively; P < .0001; sHR, 0.22; 95%
confidence interval, 0.12-0.41).

Hematologic recovery

We assessed the impact of PTCY-based prophylaxis on neutrophil
and platelet engraftment. The proportion of patients in whom
neutrophils did not engraft was similar between the 2 groups (graft
failure rate, 1.3% for PTCY vs 1.9% for TAC). However, the pro-
portion of patients who never reached nadir for neutrophil count
was lower in the PTCY group (0.9% vs 8%; P = .029; Figure 5A;
supplemental Table 4). Median time to neutrophil engraftment
among patients with engraftment was similar (15 and 14 days in
8 AUGUST 2023 • VOLUME 7, NUMBER 15
the PTCY and TAC groups, respectively; Figure 5B; supplemental
Table 4). All 8 patients who did not have engraftment died early.
Platelet graft failure rate was also similar between the 2 groups
(5% vs 5.6% for PTCY and TAC groups, respectively). However,
the proportion of patients who never nadired for platelet count (ie,
platelet count never <20 × 109/L) was significantly lower in the
PTCY group compared with that in the TAC group (4.4% vs
27.9%; P < .0001), despite the fact that the proportion that
received RIC was well balanced between these 2 groups (73.5%
vs 73.5%). In addition, median time to platelet engraftment among
the patients with engraftment was delayed in the PTCY group
compared with that the TAC group (23 vs 18 days; P = .002).
(Figure 5; supplemental Table 4). Of note, HLA mismatch did not
affect neutrophil or platelet engraftment.

CMV reactivation

We assessed the effect of GVHD prophylaxis regimen on the
incidence of CMV reactivation requiring therapy after trans-
plantation. For the entire cohort, the 6-month cumulative incidence
of CMV reactivation requiring therapy was 9.5%. The cumulative
incidence was not different between the 2 groups (9.5% vs 9.3%
for PTCY and TAC, respectively; P = .75). The cumulative inci-
dence rate was low when recipients were CMV seronegative
(3.2% at 6 months) but high when recipients were CMV sero-
positive (19% at 6 months; P < .0001) (supplemental Table 5;
supplemental Figure 4).
LOWER INCIDENCE OF RELAPSE AND CHRONIC GVHD WITH PTCY 3907
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Figure 1. Kaplan-Meier curves of PFS, OS, GRFS, and CIR per prophylaxis. (A) PFS, (B) OS, (C) GRFS, and (D) CIR. Log-rank test was used for comparisons of OS, PFS,

and GRFS, and Gray test was used for comparison of CIR.
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Discussion

Allogeneic HCT is a well-established therapy for hematologic dis-
orders, and its outcomes have been continuously and steadily
improving over the past 40 years because of advances in donor
source, conditioning regimen, high-resolution HLA typing, GVHD
prophylaxis, and supportive care.17,18 In the midst of these
advances, PTCY is rapidly gaining traction for prevention of GVHD
beyond the setting of haplo-HCT or mismatched URD and
becoming the new standard-of-care for GVHD prophylaxis. Here,
we present a real-world experience confirming favorable rates of
3908 MAURER et al
moderate-to-severe chronic GVHD for patients receiving URD
PBSCT with PTCY-based prophylaxis compared with those in
patients receiving TAC-based regimens for GVHD prophylaxis
(12% vs 36% at 2 years). In addition, we report a significantly lower
CIR in the PTCY group compared with the TAC group (25% vs
34% at 2 years). The relapse advantage was particularly pro-
nounced in patients who received RIC with Flu/Bu2 (19% vs 40%
at 2 years; P = .01) and in patients with AML/MDS who received 8-
of-8 matched RIC HCT (15% vs 44%; P = .015). This result is
encouraging because disease relapse and chronic GVHD after
8 AUGUST 2023 • VOLUME 7, NUMBER 15
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allogeneic HCT remain major challenges, particularly in the RIC
PBSCT setting. Regarding acute GVHD, the cumulative inci-
dences of grade 2-4 (20% at 6 months in both groups) and grade
3-4 acute GVHD (4.8% vs 6.5% at day +100; 7.5% vs 8.6% at
6 months) were relatively low irrespective of the regimen and this
result has been consistent at our institution over the past decade.
We also assessed CMV reactivation after HCT as a surrogate
measure of safety and found that the cumulative incidence rate in
the PTCY group was similar compared with that in the TAC group.

A major question in transplantation is whether GVHD and GVT
activity are driven by distinct immune cell subsets.19 Mounting
evidence in recent years has begun to tease apart these 2 phe-
nomena.20-26 Our data suggest that PTCY may play a role not only
in preventing GVHD through selective depletion of alloreactive T
8 AUGUST 2023 • VOLUME 7, NUMBER 15
cells but also in reducing relapse, possibly by eliminating residual
tumor cells when administered with less-intensive conditioning
regimens. PTCY may shift the balance of T or natural killer cell
subsets in the immediate posttransplant setting away from pro-
inflammatory pro-GVHD subsets and instead toward reconstitution
of specific subsets that retain effective antitumor reactivity. How
specific T-cell functional subsets are affected by PTCY is an area
of active investigation, and future studies directed toward further
dissecting these anti-GVHD and pro-GVT differences are needed.

Initially shown to suppress alloreactive T-cell subsets in murine skin
allograft models,27,28 incorporation of Cy is hypothesized to pre-
vent chronic GVHD by eliminating activated alloreactive donor and
recipient T-cell clones early after transplantation while preserving
regulatory T cells.29-31 More recent work suggests that
LOWER INCIDENCE OF RELAPSE AND CHRONIC GVHD WITH PTCY 3909
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administration of Cy before CNI abrogates the CNI effect of
inhibiting T-cell exhaustion, whereas administration of CNI before
transplantation fails to prevent chronic GVHD.32 Although these
mechanisms remain incompletely elucidated, use of PTCY for
GVHD prevention has undergone refinements in recent years.33

Early reports on the use of PTCY in the peritransplant period
emphasized that this regimen obviated the need for T-cell deple-
tion, preserving the GVT effect that is critical to the success of
nonmyeloablative (NMA) transplantation.34 Luznik et al later pub-
lished the seminal work in haplo-HCT, demonstrating reduced
chronic GVHD and acceptable rates of OS, PFS, and relapse with
PTCY.3 Based on these findings, PTCY-based regimens have
been extended to the HLA-matched related or unrelated donor
setting and its relative value compared with other regimens has
been investigated in a series of prospective randomized trials. The
results of these trials are summarized in Table 2. In randomized
phase 2 (BMT CTN 1203) and 3 (BMT CTN 1703) trials
comparing PTCY/TAC/MMF with TAC/MTX for patients receiving
RIC PBSCT, PTCY was associated with lower incidences of
severe acute and chronic GVHD but other outcomes including
relapse were not different.12,14 In these studies, various RIC regi-
mens were allowed including Flu/Bu2, Flu/Mel, Flu/Cy, and Flu/Cy/
TBI. Therefore, it was not possible to assess any association of
PTCY with a particular regimen and relapse. It should be noted that
in BMT CTN 1703, the majority of patients (71%) received either
Flu/Mel or Flu/Cy/TBI whereas in this study, Flu/Mel comprised a
minority of our study cohort and was not associated with a differ-
ence in relapse rate. In a phase 3 trial conducted by the Dutch
group (HOVON-96) comparing PTCY combined with cyclosporine
A to the combination of cyclosporine A and mycophenolic acid
after NMA HLA-MRD or URD PBSCT, PTCY was associated with
significantly lower cumulative incidences of grade 2-4 acute GVHD
and extensive chronic GVHD but was not associated with other
outcomes.15 In this study, almost all patients in the PTCY arm
received Flu/Cy/TBI as the conditioning regimen specified and
modified from the NMA Seattle protocol.3 In contrast, a randomized
3910 MAURER et al
phase 3 study comparing single agent PTCY without TAC/MMF
with conventional TAC/MTX GVHD prophylaxis (BMT CTN 1301)
for patients receiving myeloablative conditioning and HLA-matched
related or unrelated stem cells, PTCY was associated with a lower
risk of relapse but other outcomes were not statistically different
including acute and chronic GVHD. In this CTN study ~90% of
patients in the control arm (TAC/MTX) received bone marrow stem
cells rather than PBSC, perhaps underlying the observed differ-
ence. Nevertheless, PTCY was associated with less relapse
compared with CNI-based prophylaxis in this randomized trial.
(Table 2).

With mounting evidence of superiority of PTCY for chronic GVHD
prevention in different settings, many centers, including our own,
are adopting PTCY/TAC/MMF as a standard GVHD prophylaxis
regimen for HLA-matched as well as HLA-mismatched donor
transplants. Nevertheless, independent validation of this approach
in larger multicenter studies and with analysis of real-world data is
needed to clarify interactions of PTCY/TAC/MMF for GVHD pro-
phylaxis with other critical variables such as intensity of condition-
ing, different conditioning regimens, and disease. This is
highlighted by this study that indicates that PTCY is also associ-
ated with reduced relapse, primarily in patients who received RIC.

Our study is subject to the inherent limitations of a single-center
retrospective study. Because patients were not randomly
assigned to receive either PTCY vs TAC GVHD prophylaxis, it is
possible that the favorable outcome in the PTCY group may be
because of a selection bias, although the baseline characteristics
were comparable in the 2 groups with the exception of more
frequent use of PTCY in patients with HLA-mismatched donors.
However, HLA disparity does not appear to account for the lower
relapse rates in our study (supplemental Figure 1G-H). In the TAC
group, the relapse rate was similar between 7-of-8 and 8-of-8
matched transplants (2-year rate, 38% vs 34%, respectively;
P = .51) whereas in the PTCY group, it was actually higher for
8 AUGUST 2023 • VOLUME 7, NUMBER 15
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7-of-8 compared with 8-of-8 matched transplants (30.8% vs
17%, respectively; P = .12). This finding suggests that the lower
relapse seen with PCTY is unrelated to enhanced immunologic
activity from HLA discrepancy. The mechanism whereby PTCY
GVHD prophylaxis reduces disease relapse in our study remains
to be elucidated. It is possible that, in the context of RIC, the
addition of 2 doses of high-dose Cy can have a direct chemo-
therapeutic effect on residual tumor cells, and this translates to a
relapse benefit when used in conjunction with reduced-intensity
Flu/BU2 conditioning. Alternatively, it is also possible that
administration of Cy in the immediate posttransplant setting may
differentially deplete alloreactive T cells more than T cells capable
of mediating GVT responses. Further studies are needed to
understand how mechanisms of GVT effect are preserved or may
even be enhanced by PTCY whereas severe GVHD is selectively
suppressed. In addition, the Cy dose (50 mg/kg) used in our
institution is a widely adopted dose in PTCY studies. However,
8 AUGUST 2023 • VOLUME 7, NUMBER 15
whether this dose is optimal is unknown and warrants further
investigation. Another limitation of our study is that measurable
residual disease status at HCT was not available for the majority
of patients, because high-resolution measurable residual disease
flow cytometry was not consistently available at our institution in
the early years of the study period. Therefore, we cannot ascertain
whether the use of PTCY was able to overcome the relapse risk
potentially associated with measurable residual disease positivity
in these RIC transplants.

In summary, our study adds to the growing literature demonstrating
that PTCY after nonhaploidentical HCT is superior to CNI/MTX in
GVHD prevention without loss of GVT effect. Our study further
demonstrates that relapse incidence could be lower when PTCY is
used, especially in patients with AML/MDS receiving RIC with Flu/
Bu2. Based on results from randomized trials, many institutions
including ours are now adopting PTCY as the new standard GVHD
LOWER INCIDENCE OF RELAPSE AND CHRONIC GVHD WITH PTCY 3911
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prophylaxis regimen for matched and mismatched donor HCT. This
widespread adoption should provide future opportunities to
confirm and extend our observations within our, and in other,
transplant centers. Future investigations are also needed to assess
different preparative regimens with PTCY to identify optimal con-
ditioning regimens for PTCY in different disease settings. Further-
more, with the recent US Food and Drug Administration approval
of abatacept (ABA) as a new GVHD prophylaxis agent in mis-
matched donor transplantation, a prospective comparative study is
needed to compare GVHD, survival, and safety between PTCY and
ABA-based prophylactic regimens in various transplant strategies.
Investigation on whether ABA could be incorporated with PTCY as
potential future paradigms of GVHD prophylaxis should also be
explored.
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Table 2. Summary of studies with PTCY

Bolanos-Meads et al
12

Luznik et al
13

Holtan et al
14

Broers et al
15

This study

(BMT CTN 1203) (BMT CTN 1301) (BMT CTN 1703) (HOVON-96) (Real world)

Type of study Randomized phase 2 Randomized phase 3 Randomized phase 3 Randomized phase 3 Retrospective

Transplant period 2014-2016 2015-2018 2019-2021 2013-2018 2018-2021

Graft source PBSC BM PBSC PBSC PBSC

Conditioning intensity RIC MAC RIC NMA MAC, RIC

Conditioning regimen Flu/Bu2, Flu/Cy, Flu/Mel, Bu/Cy, Flu/Bu4, Flu/Mel (57%), Flu/Bu2 (27%), Flu/Cy/TBI for PTCA/CsA Flu/Bu4 for MAC (80%)

Flu/Cy/TBI Cy/TBI, TBI/Etoposide Flu/Cy/TBI (14%) Flu/Bu2 for RIC (77%)

Donor type 7/8-8/8 MUD, MRD 8/8 MUD, MRD 7/8-8/8 MUD, MRD 8/8 MUD, MRD 7/8-8/8 MUD

Study arm TAC/MTX PTCY/TAC/MMF TAC/MTX PTCY TAC/MTX PTCY/TAC/MMF CsA/MPA PTCY/CsA TAC based PTCY/TAC/MMF

Sample size 224 92 114 109 212 208 52 99 463 107

Clinical outcome

Grade 2-4 aGVHD 6 mo: 30% 6 mo: 27% D100: 29.8% D100: 37.6% D100: 51.9% D100: 53.8% 6 mo: 48% 6 mo: 30%* 6 mo: 20% 6 mo: 20%

Grade 3-4 aGVHD 6 mo: 13% 6 mo: 2%* D100: 3.5% D100: 10.1% D100: 14.7% D100: 6.3%* 6 mo: 12% 6 mo: 6% 6 mo: 8.6% 6 mo: 7.5%

cGVHD 1 y: 38% 1 y: 28% 1 y: 35.1% 1 y: 21.9%* 2 y: 65% 2 y: 43%* 2 y: 58% 2 y: 32%*

Mod-severe cGVHD 2 y: 33.7% 2 y: 27% 1 y: 15.6% 1 y: 6.7%* 2 y: 36% 2 y: 12%*

IS-requring cGVHD 1 y: 37% 1 y: 22%* 1 y: 25% 1 y: 12.5%*

Extensive cGVHD 2 y: 48% 2 y: 16%*

NRM 1 y: 16% 1 y: 11% 2 y: 7.9% 2 y: 15.7% 1 y: 17.2% 1 y: 12.3% 3 y: 14% 3 y: 10% 2 y: 12% 2 y: 11%

Relapse 1 y: 25% 1 y: 28% 2 y: 25.6% 2 y: 13.9%* 1 y: 20.2% 1 y: 20.8% 3 y: 24% 3 y: 32% 2 y: 34% 2 y: 25%*

PFS 1 y: 56% 1 y: 60% 2 y: 66.5% 2 y: 70.3% 1 y: 62.4% 1 y: 67% 3 y: 63% 3 y: 59% 2 y: 54% 2 y: 64%*

OS 1 y: 71% 1 y: 71% 2 y: 76.1% 2 y: 76.2% 1 y: 72.2% 1 y: 77% 3 y: 71% 3 y: 65% 2 y: 62% 2 y: 66%

aGVHD, acute GVHD; BM, bone marrow; cGVHD, chronic GVHD; CsA, cyclosporine A; mod-severe cGVHD, moderate-to-severe cGVHD; MPA, mycophenolic acid; IS-requiring cGVHD, chronic GVHD requiring systemic
immunosuppressive treatment.
*P < .05, significantly different for the comparison between the PTCY arm and the control arm (TAC/MTX, CsA/MPA, or TAC based).
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