nonmyeloablative (NMA) conditioning using low-dose total body irra-
diation and fludarabine as developed by Storb et al, the combination
of CsA and mycophenolate mofetil (MMF) has become an estab-
lished immunosuppressive regimen resulting in an incidence of 30%
to 50% acute GVHD (aGVHD) grade 2 to 4 and 40% to 60% of
cGVHD.2 "

In recent years, increased use of haploidentical family donors has
become apparent, greatly facilitated by effective GVHD prophylaxis
using posttransplant cyclophosphamide (PT-Cy), as pioneered by
Luznik et al.'? Following the favorable results in haploidentical trans-
plantation, PT-Cy has also been successfully applied in recipients of
matched related donor (MRD) and matched unrelated donor (MUD)
transplants either as single GVHD prophylaxis after myeloablative
bone marrow transplantation or combined with CsA after peripheral
blood hematopoietic stem cell transplantation (HSCT).'3"% To study
the effect of a more intensive immunosuppressive regimen using
PT-Cy on the incidence of relapse and life-threatening opportunistic
infections as compared with the ruling conventional regimens, a pro-
spective randomized phase 2 trial was designed comparing 3 pro-
phylactic GVHD regimens including a PT-Cy containing regimen
with GVHD-free, relapse-free survival (GRFS) as the composite pri-
mary endpoint.'® Bolahos-Meade et al showed that the PT-Cy
containing regimen was associated with a significantly better GRFS
representing patients alive without relapse and no or only limited
GVHD. A retrospective study performed by Kwon et al comparing
PT-Cy vs CsA/MTX after MRD peripheral blood HSCT showed
comparable results.'”

Here we report the results of the first prospective, randomized, mul-
ticenter, phase 3 trial designed to study whether PT-Cy combined
with a short course of CsA would result in less severe GVHD and
better GRFS as compared with the combination of CsA and myco-
phenolic acid (MPA) after NMA matched alloHSCT.

Methods
Study design

Patients were randomly assigned in a 1:2 ratio to CsA/MPA or
PT-Cy/CsA. Adults (age 18-70) with a World Health Organization
performance status between O and 2, diagnosed with a high-risk
hematological malignancy, and having an MRD or at least 8 out of
8 HLA (A, B, C, DRB1; DNA-based, 4 digits) MUD could partici-
pate in the trial. Patients were excluded in case of severe renal dys-
function, an active infection, progressive or refractory disease, and if
ATG was part of the conditioning regimen. In recipients of CsA/
MPA, the conditioning regimen was at the discretion of the treating
physician. In recipients of PT-Cy/CsA, the conditioning regimen was
specified and modified from the NMA Seattle protocol.'? In recipi-
ents of CsA/MPA, CsA was administered twice daily from 3 to
5 days before transplantation (depending on local procedures) at
a dose of 4.5 mg/kg twice daily orally or 1.5 mg/kg IV twice daily
aiming at trough levels in between 250 and 350 pg/L (immunoas-
say). MPA was administered from transplant at a dose of 16 mg/kg
twice daily with a maximum daily dose of 2160 mg and discontin-
ued at day +84. CsA was tapered with 10% per week from day
+120 in patients without GVHD or from day +180 in patients with
a history of GVHD. Patients allocated to PT-Cy/CsA received cyclo-
phosphamide 50 mg/kg IV on days +3 and +4 combined with
CsA from day +5 onward at a dose of 1.5 mg/kg IV twice daily
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aiming at trough levels in between 250 and 350 npg/L. In the
absence of mucositis or as soon as mucositis had resolved, oral
administration of CsA was allowed. In patients without any GVHD,
CsA was discontinued without tapering at day + 70.

Study oversight

The trial was registered as number NL2128 in the Dutch trial regis-
try (www.trialregister.nl) and designed by the Stem Cell Transplanta-
tion Working Group of the Dutch-Belgian Cooperative Trial Group
for Hemato-Oncology (HOVON).

Of note, the current study protocol is an amendment of the original
HOVON-96 protocol. Explanation of the original design of the study
and how the current design was established is described in the
supplemental Appendix.

Data were collected at the HOVON Data Center, and HOVON sta-
tisticians conducted the analysis. The study protocol was approved
by the ethics committee at each participating center and was con-
ducted according to the principles of the Declaration of Helsinki. All
patients gave written informed consent to enroll in the study.

Study endpoints

According to the original design of the study, the primary endpoint
was defined as the proportion of patients with non-severe GVHD
within 180 days posttransplantation (PGigo). Non-severe GVHD
was defined as aGVHD grade 1, aGVHD grade 2 without gut infil-
tration, or cGVHD not requiring systemic treatment within 180 days
after randomization. Secondary endpoints included time from trans-
plantation to aGVHD grade =1, =2, =3, and =4, time to limited/
extensive and extensive cGVHD, incidence of relapse/progression,
NRM, progression-free survival (PFS), overall survival (OS), GRFS,
and adverse events (AEs). PFS was defined as the time from trans-
plantation until relapse/progression or death, whichever came first.
OS was defined as the time from transplantation until death, irre-
spective of the cause. GRFS was defined as survival without
aGVHD grade 3 to 4, cGVHD requiring systemic immunosuppres-
sive treatment, or relapse/progression (whichever came first).'® For
GRFS, PFS, and OS, patients without an event were censored at
the date last known to be alive. AEs were scored according to the
NCI Common Terminology Criteria for Adverse Events (CTCAE)
version 3.0. aGVHD was graded according to the updated Glucks-
berg classification.'®?° cGVHD was graded according to the Seat-
tle classification.?’

Statistical analysis

The primary objective was to evaluate whether PT-Cy/CsA would
result in a higher proportion of patients with non-severe GVHD
PGgo compared with CsA/MPA. For the sample size calculation, it
was assumed that PGigo would be about 35% with CsA/MPA. In
order to detect with 80% power an increase of PG;go from 35% to
60% (2-sided significance level o« = 0.05), 156 patients should
be randomized 1:2 between CsA/MPA (n = 52) and PT-Cy/CsA
(n = 104). Patients could be randomized 24/7 via the Internet using
the randomization program TOP of the HOVON Data Center. Ran-
domizations were balanced with a biased-coin minimization proce-
dure, with the bias dependent on the average imbalance between the
numbers of patients already assigned to each group overall, within
the participating hospital, and within donor type (MRD vs MUD). All
analyses were according to the intention-to-treat principle (ie, patients
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Table 1. Baseline characteristics of the patients*

CsA/MPA PT-Cy/CsA
Characteristic (n =52),n (%) (n=99),n (%) Pvalue
Age (y), median (range) 58 (26-70) 57 (20-70) .46
Male sex 33 (63) 66 (67) .69
Diagnosis
Acute myeloid leukemia 14 (27) 30 (30) .88
Acute lymphoblastic leukemia 7 (13) 10 (10)
Myelodysplastic syndrome 8 (15) 8 (8)
Chronic myeloid leukemia 1(2) 5 (5)
Chronic lymphocytic leukemia 2 (4) 6 (6)
Non-Hodgkin's lymphoma 10 (19) 21 (21)
Hodgkin's lymphoma 2 (4) 3(3)
Myeloproliferative disease 1(2) 3(3)
Multiple myeloma 2 (4) 7 (7)
Other 5 (10) 6 (6)
Donor type
MRD 17 (33) 30 (30) .76
MUD 35 (67) 69 (70)
Female donor, male recipient pairs 10 (19) 17 (17) .75
Cytomegalovirus status
Recipient positive, donor positive 16 (31) 39 (39) .54
Recipient negative, donor negative 21 (40) 34 (34)
Recipient positive, donor negative 8 (15) 18 (18)
Recipient negative, donor positive 7 (13) 8 (8)
Conditioning regimen
Myeloablative 2 (4) - .22
Reduced intensity 1(2) 1(1)
Nonmyeloablative 49 (94) 98 (99)
Source of stem cells
Bone marrow - 4 (4) .30
PB 52 (100) 95 (96)
Infused CD34" cells x10%/kg
Median 6.0 6.3 .93
Range 2.4-18.9 1.4-19.4
Infused CD3™ cells x10%/kg
Median 232 230 42
Range (44-519) (15-514)

*A total of 160 patients were randomized in the study; 9 patients were withdrawn from
the analysis since they did not receive the stem cell transplantation.

were analyzed according to the treatment arm they were assigned
to). However, patients initially randomized but considered ineligible
afterward based on information that should have been available
before randomization were excluded from all analyses (modified-
intention-to-treat), and data collection for these patients was discon-
tinued. PGgo was determined per treatment arm with a 95%
confidence interval (Cl). As primary analysis, PG1go was compared
between both arms using logistic regression with adjustment for
donor type (MRD vs MUD), as specified in the protocol. Cumulative
incidence curves for time to aGVHD and cGVHD were determined
per treatment arm. The Fine and Gray model was used to assess
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Table 2. Rates of aGVHD and cGVHD and complications after
stem cell transplantation

CsA/MPA  PT-Cy/CsA
(n = 52), (n = 99),
Variable n (%) n (%) P value
Nonsevere GVHD <180 d posttransplant 15 (29) 38 (38) .26
aGVHD 34 (65) 64 (65) 1.00
Maximum overall grade per patient*
Grade 1 5 (10) 31 (31)
Grade 2 21 (40) 27 (27)
Grade 3 6 (12) 5 (5)
Grade 4 2 (4) 1(1)
cGVHD 36 (69) 49 (49) .025
Maximum overall grade per patientt
Limited 9(17) 25 (25)
Extensive 27 (52) 24 (24)
CTC grade 3-5 AEs <6 mo posttransplant{
All events 22 (42) 60 (61) .039
Infections 11 (21) 41 (41) .019
Febrile neutropenia 8 (15) 25 (25) 22
Invasive pulmonary aspergillosis 2 (4) 4 (4) 1.00
Pulmonary infections other - 3(3) .55
CMV disease - 1(1) 1.00
Graft failure 1(2) 1(1) 1.00
Cardiac 2 (4) 3 (3) 1.00

CMV, cytomegalovirus; CTC, common toxicity criteria.

*Severity of aGVHD according to the updated Glucksberg classification (supplemental
Table 1).

tSeverity of cGVHD according to the Seattle criteria (supplemental Table 2).

$The complete list of CTC grade 3 to 5 events <6 mo posttransplantation is available
in supplemental Table 4.

the effect of the treatment arm on the cumulative incidence of
GVHD in the presence of competing risks via regression on GVHD
subdistribution hazard, adjusted for donor type. Kaplan-Meier curves
for GRFS, PFS, and OS were constructed per treatment arm. A
Cox proportional hazards model was used to assess the effect of
the treatment arm on each of the survival endpoints, adjusted for
donor type. Hazard ratios (HRs) with 95% CIl were determined. The
analyses of treatment toxicity were done by tabulation of the inci-
dence of AEs with CTCAE grade 3 or more within 180 days post-
transplant. All reported P values are 2-sided, and a significance
level o = 0.05 was used. As there is one primary analysis, for end-
point PGgo, all other analyses should be considered exploratory,
and no correction for multiple testing was done. The data cutoff
date was 19 January 2021. All analyses were performed using
Stata software, version 16.1 (StataCorp, College Station, TX).

Results
Patient characteristics

A total of 160 patients were randomized between October 2013
and June 2018 at 6 centers. Eventually, 151 patients received an
alloHSCT. The patient disposition flowchart is shown in supplemen-
tal Figure 1. As shown in Table 1, the 2 groups of patients were
well balanced with respect to the baseline characteristics. Details of
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Figure 1. Acute and chronic GVHD. Cumulative incidence of grade 2-4 acute
GVHD (A) and chronic extensive GVHD (B). GVHD denotes graft-versus-host
disease, CsA cyclosporine A, MPA mycophenolic acid, and PT-Cy posttransplant
cyclophosphamide.

the diagnosis and disease status at transplantation are described in
the supplemental Appendix. All but 4 patients received an NMA
conditioning regimen. Details of the regimens used are shown in
supplemental Table 3. The median follow-up of the 98 transplanted
patients still alive was 56.4 months (range, 16.1-75.6) from trans-
plantation, that is, median 54.3 months (range, 16.1-71.3) in the
CsA/MPA arm and 56.4 months (range, 20.9-75.6) in the PT-Cy/
CsA arm. Of note, follow-up data were only required until 5 years
after randomization.

aGVHD and cGVHD

The proportion of patients with non-severe GVHD within 180 days
posttransplant was not significantly different between recipients
of CsA/MPA and PT-Cy/CsA (29% vs 38%; odds ratio, 1.53
[0.73-3.18]; P = .26, adjusted for donor type). Sixty-two percent
of patients in both groups experienced aGVHD of any grade
within 180 days posttransplant. The skin was involved in the majority
of patients (30 vs 56 patients). In recipients of CsA/MPA, 11 out of
32 (34%) patients were diagnosed with aGVHD of the intestine as
opposed to 10 out of 61 (16%) recipients of PT-Cy/CsA. The liver
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was affected in the minority of patients (2 vs 6 patients). Results are
shown in Table 2. The cumulative incidence of aGVHD grade 2 to
4 at 6 months from transplantation was 48% (standard error [SE],
7%) in recipients of CsA/MPA vs 30% (SE, 5%) in recipients of
PT-Cy/CsA (P = .007) (Figure 1A). The cumulative incidence of
aGVHD grade 3 to 4 at 6 months was not significantly different
between the two treatment arms: 12% (SE, 4%) vs 6% (SE, 2%),
respectively (P = .14). In multivariate analysis, study arm (HR, 0.48
[0.29-0.82]; P = .007) and donor type (MUD vs MRD; HR, 1.90
[1.06-3.43]; P = .032) were significantly associated with aGVHD
grade 2 to 4.

Overall, 56% of all patients developed cGVHD of any grade, includ-
ing 69% of patients in the CsA/MPA group and 49% in the PT-Cy/
CsA group. In recipients of CsA/MPA, 27 out of 52 (52%) patients
were diagnosed with extensive cGVHD as opposed to 24 out of 99
(24%) recipients of PT-Cy/CsA. Results are shown in Table 2. The
cumulative incidence of limited and extensive cGVHD at 2 years
was 65% (SE, 7%) vs 43% (SE, 5%) in the CsA/MPA and PT-Cy/
CsA arm, respectively. The cumulative incidence of extensive
cGVHD at 2 years was 48% (SE, 7%) after CsA/MPA vs 16%
(SE, 4%) after PT-Cy/CsA (P < .001) (Figure 1B). In multivariate
analysis, the study arm exclusively was significantly associated with
extensive cGVHD (HR, 0.36 [0.21-0.64]; P < .001).

Among 24 patients in the CsA/MPA arm with complete CsA data
available, 10 (42%) patients were still receiving CsA at 6 months
posttransplant. In contrast, among the 71 patients in the PT-Cy/CsA
arm with available CsA data, all patients had discontinued CsA
within 6 months posttransplant.

Toxicity, NRM, and relapse/progression

Forty-two percent of patients in the CsA/MPA arm experienced at
least 1 CTCAE grade 3 to 5 AE within 6 months posttransplant vs
61% of patients in the PT-Cy/CsA arm. CTCAE grade 3 to 5 infec-
tions were observed in 21% vs 41% in the respective study arms.
The proportion of patients with at least 1 episode of febrile neutro-
penia was higher in recipients of PT-Cy/CsA (25% vs 15%). Inva-
sive pulmonary aspergillosis was diagnosed in 2 recipients of CsA/
MPA as opposed to 4 recipients of PT-Cy/CsA. The number of
patients experiencing at least 1 cytomegalovirus (CMV) reactivation
was not different between the 2 groups (19% and 20%, respec-
tively). One patient in the PT-Cy/CsA group developed CMV dis-
ease. Three patients experienced a cardiac event. Two patients
experienced a graft failure, 1 in each study arm. Results are shown
in Table 2. A full list of all CTCAE grade 3 to 5 events is available in
supplemental Table 4.

NRM estimated 14% (SE, 5%) vs 10% (SE, 3%) in the respective
study arms at 3 years posttransplant (P = .51) (Figure 2A). The
cumulative incidence of relapse at 3 years posttransplant was 24%
(SE, 6%) after CsA/MPA vs 32% (SE, 5%) following PT-Cy/CsA
(P = .27) (Figure 2B).

Survival

The 3-year estimate of PFS was 63% (95% Cl, 48-74) and 59%
(95% ClI, 48-68) in recipients of CsA/MPA and PT-Cy/CsA, respec-
tively. The 3-year estimate of OS was also similar in both treatment
arms being 71% (95% CI, 56-81) vs 65% (95% CI, 54-73).
Results are shown in Figure 2C-D. Causes of death are shown in
supplemental Table 5.
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Figure 2. Non-relapse mortality (NRM), relapse/progression, progression-free survival (PFS) and overall survival (OS). Cumulative incidence of NRM (A) and

relapse/progression (B). Kaplan Meier estimates of PFS (C) and OS (D) CsA denotes cyclosporine A, MPA mycophenolic acid, and PT-Cy posttransplant

cyclophosphamide.

The 1-year estimate of the GRFS was 21% (95% CI, 11-33) after
CsA/MPA vs 45% (95% Cl, 35-55) following PT-Cy/CsA
(HR, 0.50 [0.34-0.74]; P < .001, adjusted for donor type)
(Figure 3A). As shown in the forest plot, improvement of GRFS was
irrespective of donor type (Figure 3B).

Discussion

This randomized prospective phase 3 trial was designed to study
the efficacy of PT-Cy after NMA matched related and unrelated
alloHSCT as compared with conventional immunosuppression (IS)
with CsA and MPA. We show that the use of PT-Cy combined with
a short course of CsA results in significantly improved GRFS as a
result of a significant reduction in severe aGVHD and cGVHD with-
out significantly affecting the cumulative relapse incidence. This
study compares well to the results of the prospective phase 2 ran-
domized bone marrow transplantation CTN trial performed by
Bolanos-Meade et al comparing 3 different prophylactic GVHD regi-
mens. The combination of tacrolimus, MMF, and PT-Cy was the only
regimen associated with a significantly better GRFS in their study.'®
GRFS has become an important composite endpoint that is increas-
ingly incorporated in current transplant studies. Although GRFS was
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a secondary endpoint in our study, the significant reduction is impor-
tant as it represents the percentage of surviving patients without
relapse and without GVHD necessitating ongoing systemic immuno-
suppressive treatment, thereby most likely contributing to an
increase in the Qol. Severe cGVHD and its treatment, in particular,
are known to be associated with a diminished Qol, and improved
prevention has been shown to increase the Qol score.?22* In future
studies concerning PT-Cy, it is of great interest to consider the
patient's perspective by using so-called patient-reported outcome
measures to be able to show that improved GRFS is indeed associ-
ated with improved Qol.>°

Other lymphocyte-depleting strategies include the application of
ATG. Recently published guidelines by the European Society for
Blood and Marrow Transplantation (EBMT) recommended the use
of ATG in addition to conventional IS in recipients of MUD grafts
after MAC.” One might argue that the difference in the incidence of
GVHD observed with PT-Cy is due to comparison with an insuffi-
cient prophylactic strategy as ATG was not included. However, the
recommendation is based on 3 randomized controlled trials, includ-
ing 2 trials concerning only MAC*® and 1 trial concerning recipients
of MUD grafts after both myeloablative and NMA or reduced-
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