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KEY PO INT S

l Adding sirolimus to
standard GVHD
prophylaxis reduces
acute GVHD after
nonmyeloablative HLA
antigen–mismatched
donor transplantation.

l Compared with
historical control
subjects, the reduced
incidence of acute
GVHD translates into a
better overall survival.

This trial aimed to evaluate the efficacy of sirolimus in addition to cyclosporine (CSP) and
mycophenolate mofetil (MMF) for graft-versus-host disease (GVHD) prophylaxis after
nonmyeloablative conditioning for HLA class I or II mismatched hematopoietic cell
transplantation (HCT). Eligible patients had hematologic malignancies treatable by allo-
geneic HCT. Conditioning consisted of fludarabine (90 mg/m2) and 2 to 3 Gy total body
irradiation. GVHD prophylaxis comprised cyclosporine, mycophenolate mofetil, and
sirolimus. The primary objective was to determine whether the cumulative incidence of
grade 2 to 4 acuteGVHD could be reduced to <70% inHLA class I or II mismatchedHCT. The
study was closed on December 20, 2018. Seventy-seven participants were recruited be-
tween April 14, 2011, and December 12, 2018, of whom 76 completed the study in-
tervention. Median follow-up was 47 months (range, 4-94 months). The cumulative
incidence of grade 2 to 4 acute GVHD at day 100 was 36% (95% confidence interval [CI],
25-46), meeting the primary end point. The cumulative incidence of nonrelapse moral-
ity, relapse/progression, and overall survival was 18% (95% CI, 9-27), 30% (interquartile

range, 19-40), and 62% (95% CI, 50-73) after 4 years. In conclusion, the addition of sirolimus to cyclosporine and
mycophenolate mofetil resulted in a lower incidence of acute GVHD, thus translating into superior overall survival
compared with historical results. This trial was registered at www.clinicaltrials.gov as #NCT01251575. (Blood. 2020;
136(13):1499-1506)

Introduction
With the development of nonmyeloablative regimens, alloge-
neic hematopoietic cell transplantation (HCT) with related
or unrelated donors has become a viable treatment option
for older or medically unfit patients with hematologic
malignancies.1-3 A fully HLA-matched donor is considered ideal
for the best possible outcome after allogeneic HCT.4 However,
depending on the recipient’s ethnicity, fully HLA-matched
donors can be identified for only 16% to 75% of patients.5 In
an effort to extend this treatment option to patients who do not
have HLA-matched donors available, we completed a phase 1/
2 trial that included 59 patients who received unmodified
peripheral blood stem cells (PBSCs) from a related or unrelated
donor who was mismatched for either one HLA class I antigen
with or without an additional mismatch for a HLA class I allele or
mismatched for two HLA class I alleles.6 Graft-versus-host
disease (GVHD) prophylaxis consisted of cyclosporine and
mycophenolate mofetil for 365 and 156 days, respectively. All

but 2 patients achieved sustained engraftment, and the relapse
incidence was encouragingly low at 26% at 2 years. However,
the cumulative incidence of grade 2 to 4 acute GVHD and
grade 3 to 4 acute GVHD was high at 69% and 26%, re-
spectively. This resulted in a high cumulative incidence of
nonrelapse mortality (NRM) of 47% by 2 years after trans-
plantation. The overall survival was 29% at 2 years after
transplantation.

The current multicenter phase 2 clinical trial was designed to
improve both acute GVHD prevention and survival after non-
myeloablative conditioning HCT with HLA-mismatched donors
by adding the mammalian target of rapamycin inhibitor, siroli-
mus, to standard therapy with cyclosporine and mycophenolate
mofetil.7 The range of HLA mismatches allowed was expanded
to include recipients of both HLA class I or class II antigen–
mismatched donors with or without additional HLA allele-level
mismatches.
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Methods
Study design and participants
The phase 2 trial included 4 HCT centers (supplemental Table 1,
available on the Blood Web site). The Fred Hutchinson Cancer
Research Center acted as the coordinating center. The study was
approved by the institutional review boards at the Fred
Hutchinson Cancer Research Center and each of the collabo-
rating centers. All patients signed institutional review board–
approved consent forms. This trial was registered and is available
for viewing at www.clinicaltrials.gov as #NCT01251575.

Included in this study were patients with advanced hematologic
malignancies (Table 1) treatable by allogeneic HCT but not
eligible for myeloablative conditioning, and having an HLA class
I or II mismatched related or unrelated donor available. Three
categories of HLA mismatches between the recipient and donor
were allowed: (1) an HLA antigen mismatch for any single class I
locus (HLA-A, HLA-B, or HLA-C) with or without an additional
single class I mismatch at the allele level; (2) allele level mis-
matches for any two HLA class I loci; and (3) single antigen or
allele level mismatches for HLA-DRB1 and/or HLA-DQB1 class II
loci. Unmodified PBSCs from related or unrelated donors were
the sole graft source. Eligibility criteria and patient evaluations
are described in the supplemental Methods.

The protocol was opened on 14 April 2011, and closed on
12 December 2018, after accruing 77 patients. Results were
analyzed as of 11 June 2019. The trial was stopped just short
of meeting its accrual goal of 80 patients due to a new
competing trial.

Procedures
Patients were conditioned for HCT with fludarabine (30 mg/m2

per day) on days 4, 3, and 2 before receiving 2 or 3 Gy total body
irradiation (TBI) (n5 30 [39%]) on the day of HCT (day 0). Patients
were treated with 3 Gy TBI if they had the following: myelo-
dysplastic syndrome, myeloproliferative disease, or chronic
myelocytic leukemia; patients who had no previous myelosup-
pressive chemotherapy within 3 to 6 months before entering the
trial; and patients who had a previous allogeneic HCT or a prior
syngeneic transplantation without subsequent myelosup-
pressive chemotherapy. PBSC grafts were collected from related
or unrelated donors according to National Marrow Donor Pro-
gram standards after 5 days of subcutaneously administered
granulocyte colony-stimulating factor at a dose of ;10 mg/kg.
GVHD prophylaxis comprised sirolimus, cyclosporine, and
mycophenolate mofetil. Cyclosporine was started at 5 mg/kg
orally twice daily on day 23 and continued to day 150 and then
tapered off by day 180. Cyclosporine trough levels were tar-
geted at 400 ng/mL for the first 28 days and thereafter between
150 and 350 ng/mL until taper. Sirolimus was started orally at
2 mg once daily on day 23 and adjusted to maintain trough
levels between 3 and 12 ng/mL through day 180, followed by
taper through day 365. Mycophenolate mofetil was given orally
at a dose of 15 mg/kg three times daily from day 0 to 30, then
twice daily to day 100, and tapered to day 150. Supportive care,
antibiotic prophylaxis, and detection and treatment of cyto-
megalovirus reactivation were conducted according to local
institutional guidelines. Diagnosis, clinical grading, and treat-
ment of acute and chronic GVHD were performed according to
established criteria.10,11 Full donor chimerism was defined as

.95% donor CD31 T cells, and graft rejection was defined as the
inability to detect at least 5% donor CD31 T cells in peripheral
blood. Detectable CD31 T-cell donor chimerism in blood or
bone marrow was considered evidence of engraftment.

Outcomes
The primary objective was to determine whether the cumulative
incidence of grade 2 to 4 acute GVHD could be reduced to less
than the historical rate of 70% with the combination of cyclo-
sporine, sirolimus, and mycophenolate mofetil in HLA class I or
HLA class II mismatched related or unrelated HCT using non-
myeloablative conditioning. The evaluation was performed sep-
arately among patients with HLA class I and HLA class II
mismatches. Secondary objectives were time from transplantation
to deathwithout relapse or progression (NRM)before day 100 and
the cumulative incidence of grade 3 to 4 acute GVHD. Exploratory
outcomes were donor chimerism levels, engraftment, cumulative
incidence of overall survival (time from transplantation to death
from any cause), progression-free survival (time from trans-
plantation to relapse/progression of the malignant disease or
death from any cause), relapse (time from transplantation to relapse/
progression of themalignant disease), chronic GVHD, infections,
and Common Terminology Criteria for Adverse Events (version
4.0) of grade 3, 4, and 5 adverse events.

Statistics
The accrual target of 80 patients was anticipated to include;55
HLA class I mismatches and 25 HLA class II mismatches. For HLA
class I mismatches, this provided 81% power to detect a 15%
reduction in the 70% historical rate of grade 2 to 4 acute GVHD
at the one-sided 0.10 level of significance, and 81% power to
detect a 10% reduction in the 25% historical rate of grade 3 to 4
GVHD at the one-sided 0.15 level of significance. For HLA class II
mismatches, there was 79% power to detect a 20% reduction in
the historical rate at the one-sided 0.10 level of significance, and
68% power to detect a 10% reduction in the historical rate at the
one-sided 0.20 level of significance. Seventy-seven patients
were enrolled. The transplant procedure was aborted for
1 patient before receiving donor cells because of Merkel cell
carcinoma; this patient is excluded from this report as being
unevaluable for the primary end point, leaving 51 HLA class I
mismatches and 25 class II mismatches.

The Kaplan-Meier method was used to estimate overall survival
and progression-free survival; end points subject to competing
risks were estimated by using cumulative incidence methods,
with death as a competing risk for all end points and relapse as
an competing risk for NRM.12 Cox regression was used for all
time-to-event end points, with competing risks analysis based on
event-specific hazard ratios. P values for time-to-event end
points refer to hazard ratio analyses over the period of follow-up.
Comparative analyses of toxicity and GVHD organ stage were
conducted with a x2 test. The Wilcoxon rank sum test was used
for comparing peripheral blood counts and donor chimerism.
P values are two-sided, and adjustments for multiple comparisons
were not performed. Statistical analyses were performed by using
SAS version 8 (SAS Institute, Inc., Cary, NC).

Results
Seventy-six patients were evaluable for outcome analyses. The
median follow-up of surviving patients was 47 months (range,
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4-94 months). Patient characteristics are summarized in
Table 1. As part of their conditioning, 30 patients (39%) were
treated with 2 Gy TBI and 46 (61%) with 3 Gy TBI.

Fifty (66%) patients had single HLA class I antigen mismatches,
and 25 (33%) patients were mismatched for HLA class II. Un-
modified PBSC grafts were obtained primarily from unrelated
donors (n 5 70 [92%]).

Sustained engraftment was observed in all but one (1%) patient
who had myeloproliferative disease and rejected after 9 months.
The patient had a single HLA-C antigen mismatch in both graft-
versus-host and host-versus-graft directions. Among surviving
and evaluated patients, median donor T-cell chimerism was 93%
(interquartile range [IQR], 76-99) at day 28 and 97% (IQR, 85-100)
at day 84. Full donor T-cell chimerism was achieved in 48% (95%
confidence interval [CI], 36-61) and 63% (95% CI, 49-76) of
patients alive and evaluated at days 28 and 84, respectively.

The median absolute neutrophil count nadir and the median
period of neutrophils ,500 cells/mL were 110 cells/mL (IQR,
30-300 cells/mL) and 14 days (IQR, 10-17 days), respectively. The
median platelet count nadir was 14 000 cells/mL (IQR, 9000-
25 000 cells/mL) and the median period of ,20 000 platelets/mL
was 2 days (IQR, 0-5 days).

Two patients (3%) were treated with donor leukocyte infusion,
1 for relapse of acute myeloid leukemia and 1 to correct low
donor chimerism.

The cumulative incidence of grade 2 to 4 acute GVHD at day 100
was 36% (95%CI, 25-46) in all patients (Figure 1A), and 29% (95%
CI, 17-42) and 48% (95% CI, 28-88) in HLA class I and class II
mismatched patients, respectively (P 5 .09) (Table 2; supple-
mental Figure 1). No patient developed grade 4 acute GVHD,

Table 1. Patient characteristics

Characteristic Value

Patient age, median (IQR), y 63 (55-67)

Male sex, no. (%) 49 (64)

Race/ethnicity, no. (%)
White 65 (86)
Hispanic 7 (9)
African American 3 (4)
Asian 3 (4)
Native Alaskan or Hawaiian 3 (4)
Not reported 2 (3)

Donor age, median (IQR), y 29 (25-41)

Unrelated donor, no. (%) 70 (92)

HLA class I mismatch, no. (%)* 51 (67)

HLA class II mismatch, no. (%)† 25 (33)

HLA mismatch vector, no. (%)
Both host-versus-graft and GVHD 68 (89)
Host-versus-graft 3 (4)
GVHD 5 (7)

Sex of patient/donor, no. (%)
Male/female 11 (14)
Other combinations 65 (86)

CMV serostatus of patient/donor, no. (%)
Negative/negative 21 (28)
Negative/positive 7 (9)
Positive/negative 23 (31)
Positive/positive 24 (32)

Prior high-dose HCT, no. (%)
Autologous 18 (23)
Allogeneic 2 (3)

Diagnoses, no. (%)
Acute myeloid leukemia 23 (30)
MDS/MPD 20 (27)
Chronic myeloid leukemia 1 (1)
Acute lymphoblastic leukemia 3 (4)
Non-Hodgkin lymphoma 12 (16)
Chronic lymphocytic leukemia 10 (13)
Hodgkin lymphoma 2 (3)
Multiple myeloma 5 (7)

Relapse risk,8 no. (%)
Low 23 (30)
Standard 35 (46)
High 18 (24)

Disease risk index,9 no. (%)
Low 8 (11)
Intermediate 50 (66)
High 18 (24)

Table 1. (continued)

Characteristic Value

HCT comorbidity index, no. (%)
0 10 (13)
1, 2 22 (29)
31 44 (58)

TBI, no. (%)
2 Gy 30 (39)
3 Gy 46 (61)

CD341 cells 3 106/ kg, median (IQR) 8.3 (6.4-10.1)

CD31 cells 3 108/ kg, median (IQR) 2.7 (2.2-3.6)

Karnofsky performance status, no. (%)
100 12 (16)
90 36 (47)
80-85 24 (32)
,80 4 (5)

CMV, cytomegalovirus; MDS, myelodysplastic syndrome; MPD, myeloproliferative disease.

*Single antigen mismatched: HLA-A, n5 33 (43%); HLA-B, n5 11 (14%); and HLA-C, n5 6
(8%). One patient (1%) was mismatched for one HLA-A antigen and one HLA-B allele.

†Single antigen mismatches: HLA-DQB1, n 5 8 (11%); and HLA-DRB1, n 5 7 (9%). Single
allele mismatches: HLA-DQB1, n 5 4 (5%); and HLA-DRB1, n 5 5 (7%). One (1%) patient
was mismatched for a single allele on both HLA-DQB1 and HLA-DRB1.
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and grade 3 acute GVHD was only observed in one HLA class I
mismatched patient. No patient developed acute GVHD
after day 100. Acute GVHD organ stages are summarized in
supplemental Table 2. The cumulative incidence of chronic
GVHDwas 37% (95%CI, 45-69) and 57% (95%CI, 26-48) at 1 and
4 years (Figure 1B). When separated according to HLA mis-
match, the cumulative incidence of chronic GVHD at 1 and
4 years was 44% (95%CI, 30-58) and 63% (95%CI, 49-77) for HLA
class I mismatches, and 24% (95% CI, 7-41) and 46% (95% CI, 26-
66) for HLA class II mismatches (P5 .11) (supplemental Figure 2).
The 5-year cumulative incidence of stopping all systemic im-
munosuppressive treatment was 24% (95% CI, 13-35). No dif-
ference was observed in the incidence of grade 2 to 4 acute
GVHD or grade 3 to 4 acute GVHD between patients with HLA-
DQ mismatches and non–HLA-DQ mismatches.

NRM findings in all patients at day 100, 1 year, and 4 years were
4% (95%, CI 0-8), 15% (95% CI, 7-23), and 18% (95% CI, 9-27),
respectively (Table 2; supplemental Figure 3), with no difference
between HLA class I and II mismatches (class I vs class II, P5 .58).
Fourteen (18%) patients died of nonrelapse causes: 6 due to
infection, 4 due to GVHD, 3 due to GVHD complicated by in-
fection, and 1 due to brain injury from pretransplant radiation
therapy for chloroma.

The cumulative incidence of relapse or progression at 1 and
4 years was 21% (95% CI, 12-30) and 30% (95% CI, 19-40), re-
spectively, in all patients (Figure 2). Progression-free survival in
all patients at 1 and 4 years was 64% (95% CI, 53-75) and
52% (95%CI, 41-64); overall survivals at the same time points were
72% (95% CI, 61-82) and 62% (95% CI, 50-73). No differences
were observed between class I and II mismatches for relapse
incidence, progression-free survival, or overall survival (Table 2;
supplemental Figures 3 and 4).

The cumulative incidence of grade 3 or 4 non-hematopoietic
adverse events by day 100 posttransplantation was 29% (95%CI,
19-40). Grades 3 and 4 adverse events are summarized in
Table 3. The most common grade 4 adverse event was infection
or neutropenic fever. Two (3%) patients experienced a grade 5
fatal event due to pneumonia and multiorgan failure in associ-
ation with sepsis. One patient experienced transplantation-
associated thrombotic microangiopathy. No patients developed
Common Terminology Criteria for Adverse Events grade 3 or 4
hypertriglyceridemia or veno-occlusive disease of the liver.

The cumulative incidence of bacterial, fungal, cytomegalovirus,
and other viral infections according to HLA class I or II mismatch
is summarized in Table 2.

Discussion
The current trial achieved its primary end point by successfully
showing that the addition of sirolimus to cyclosporine and
mycophenolate mofetil reduced the incidence of grade 2 to
4 acute GVHD after HLA-mismatched HCT from a historical
incidence of 69% (observed after class I mismatches) to 34%; the
study cohort included HLA class I mismatches as well as class II
mismatches that traditionally are associated with very high
GVHD rates. Compared with our previous phase 1/2 trial in HLA
class I mismatched recipients given GVHD prophylaxis with
cyclosporine and mycophenolate mofetil,6 not only was the day

100 incidence of grade 2 to 4 acute GVHD reduced from 69%
but the incidence of grade 3 to 4 acute GVHD also decreased
(from 26% to 1%). As a result, the NRM declined from 47% to
17% at 4 years’ posttransplantation. The lower NRM was not
accompanied by an increased cumulative incidence of relapse or
progression, which was 31% after 4 years; this outcome did not
differ from the 26% incidence seen in the previous study,6 thus
translating into a superior cumulative incidence of progression-
free survival (52% vs 31%) and overall survival (62% vs 29%).
However, the 4-year incidence of chronic GVHD of 57% was
similar in the 2 trials, with a cumulative incidence of patients
being able to stop all systemic immunosuppression at 24% at
5 years. Development of chronic GVHDwas observed during the
taper of cyclosporine and sirolimus, which could support a
method of either prolonging the duration of immunosuppressive
therapy or other strategies such as the use of posttransplant
cyclophosphamide in place of mycophenolate mofetil, which we
are currently investigating in a phase 2 randomized clinical trial
(#NCT03246906).

Overall, adding sirolimus to cyclosporine and mycophenolate
mofetil after HLA class I or II mismatched HCTwas well tolerated,
with a cumulative incidence of grade 3 to 4 adverse events and
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Figure 1. GVHD. Cumulative incidence of acute (A) and chronic (B) GVHD. In panel
A, there were no patients censored before day 100.
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infections comparable to what has been observed after HLA-
matched HCT.13 Adverse events associated with sirolimus, such
as hypertriglyceridemia and veno-occlusive disease of the liver,
were not observed, and transplantation-associated thrombotic
microangiopathy was observed in only 1 patient.

Outcomes after HLA-mismatched donor HCT in the context of
reduced-intensity conditioning have mainly been addressed in
registry-based studies14-16; observed ranges of grade 2 to 4
acute and chronic GVHD were similar to the current trial, but the
incidence of grade 3 to 4 acute GVHD was higher, ranging from
13% to 27%, and resulting in NRM between 31.9% and 39% and
overall survival rates between 30% and 48% at 3 years’ post-
transplantation. Parody et al17 investigated the efficacy of siro-
limus in combination with tacrolimus after reduced-intensity HCT
in a prospective study in which a subpopulation of patients
(n 5 20) was mismatched for a single HLA antigen. In this study,
day1100 incidence of grade 2 to 4 acute GVHDwas high at 68%
but there was a low incidence of grade 3 to 4 acute GVHD at
4.5%. This resulted in survival rates comparable to our current
study. Kasamon et al18 combined sirolimus with mycophenolate
mofetil and posttransplantation cyclophosphamide as GVHD
prophylaxis in a prospective study including 19 patients given 1
to 5 HLA antigen–mismatched grafts after nonmyeloablative
conditioning. Results were encouraging, with a cumulative in-
cidence of grade 2 to 4 acute GVHD ranging from 11% to 38%
depending on the degree of HLAmismatch, 28% chronic GVHD,

6% NRM, 35% relapse, and 62% overall survival at 3 years’
posttransplantation.

In vivo T-cell depletion with anti-thymocyte globulin (ATG),
which is considered the standard of care in HLA antigen–
mismatched HCT after myeloablative conditioning, has not been
investigated systematically in antigen-mismatched HCT after

Table 2. Transplant outcome according to HLA class I or II mismatch

Outcome Day 1100* 11 year* 14 years* HR (95% CI)† P‡

HLA class I mismatched patients (n 5 51)
Acute 2-4 GVHD 29 (17-42)
Acute 3-4 GVHD 4 (0-9)
Chronic GVHD 44 (30-58) 63 (49-77)
NRM 2 (0-6) 16 (6-27) 19 (8-30)
Relapse/progression 20 (9-31) 28 (15-41)
Progression-free survival 64 (50-77) 53 (38-68)
Overall survival 71 (59-84) 61 (47-76)
Bacterial infection 63 (49-76) 65 (51-79)
Fungal infection 8 (0-15) 15 (5-25)
CMV reactivation§ 43 (27-59) 43 (27-59)
Other viral infection 40 (26-54) 45 (30-59)

Patients with HLA class II mismatches (n 5 25)
Grade 2-4 acute GVHD 48 (28-68) 1.97 (0.92-4.21) .09
Acute 3-4 GVHD 0 (–) 0.0 (undefined) .20
Chronic GVHD 24 (7-41) 46 (26-66) 0.57 (0.29-1.15) .11
NRM 8 (0-19) 12 (0-25) 16 (2-31) 0.73 (0.23-2.30) .58
Relapse/progression 24 (7-41) 33 (14-52) 1.33 (0.55-3.20) .54
Progression-free survival 64 (45-83) 51 (30-71) 1.05 (0.52-2.09) .90
Overall survival 72 (54-90) 62 (43-82) 0.83 (0.38-1.81) .64
Bacterial infection 67 (47-87) 67 (47-87) 0.93 (0.50-1.74) .82
Fungal infection 8 (0-19) 18 (2-33) 1.24 (0.36-4.23) .74
CMV reactivation§ 40 (15-65) 40 (15-65) 0.96 (0.38-2.43) .93
Other viral infection 50 (30-70) 50 (30-70) 1.60 (0.82-3.14) .18

CMV, cytomegalovirus.

*Data are survival or cumulative incidence percentage (95% CI).

†Hazard ratio (HR) is for class II vs class I mismatch.

‡P values reflect comparisons between HLA class I and class II mismatched patients based on high-resolution genotyping over the entire period of follow-up.

§Excluding seronegative pairs.
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incidence of relapse, progression-free, and overall survival.
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both truly nonmyeloablative or reduced-intensity conditioning.
In a recent review from the European Society of Blood and
Marrow Transplantation, it was concluded that ATG prevents
GVHD after reduced-intensity conditioning.19 However, risk of
relapse was highly dependent on ATG dose, conditioning in-
tensity, and relapse risk of the specific disease, and that due to
conflicting results from the currently available data (mainly from
retrospective and nonrandomized studies), definite recom-
mendations could not be made. In a matched pair analysis
between GVHD prophylaxis with ATG and posttransplantation
cyclophosphamide after single HLA antigen–mismatched
transplantation based on registry data from the European So-
ciety of Blood and Marrow Transplantation, the rate of chronic
GVHD was similar between the 2 different prophylactic ap-
proaches.20 However, survival measures were overall in favor of
posttransplantation cyclophosphamide due to a lower incidence
of acute GVHD translating into lower NRM without increasing
relapse incidence. Currently, most (63%) unrelated donor HCTs
in the United States are performed with calcineurin inhibitor–
based regimens; only 33% and 17%, respectively, use ATG-based
or posttransplantation cyclophosphamide–based immunosup-
pression (unpublished data, Center for International Blood and
Marrow Transplant Research, 2019).

With the introduction of posttransplantation cyclophosphamide,
HLA-haploidentical transplantation has become a viable treat-
ment option.21,22 Due to the low rates of chronic GVHD andNRM
observed with this regimen, transplantation centers are using
HLA haploidentical donors with increasing frequency,23,24

thereby challenging the donor selection algorithm of single HLA
antigen–mismatched donors being first choice if fully HLA-
matched or single allele HLA level mismatched donors are
not available. Furthermore, side-by-side comparison of GVHD
rates between haploidentical and mismatched unrelated donor

transplant cohorts is complicated by the use of different GVHD
prophylaxis regimens. The change in practice is based mostly on
registry data reporting the incidence of grade 2 to 4 acute GVHD
between 20% and 45% and low rates of chronic GVHD ranging
from 12% to 38%, resulting in NRM rates between 6% and 24%
and overall survival rates between 38% and 63%.25-28 Prospective
data are few and from smaller studies that, in general, validate
the findings of a low incidence of chronic GVHD and NRM;
however, this benefit has been offset by high relapse rates
ranging from 24% to 55%.29-31 A recent meta-analysis that in-
cluded a total of 30 studies with 22 974 patients suggested that
matched related donors were still to be considered optimal, but
that HLA-haploidentical HCT with posttransplantation cyclo-
phosphamide was associated with an overall survival advantage
compared with single HLA antigen–mismatched HCT due to
lower NRM and similar incidence of relapse.32 The question
of whether HLA-haploidentical HCT with posttransplantation
cyclophosphamide should be preferred over single HLA
antigen–mismatched HCT can only be answered in a direct
comparison under the auspices of a randomized trial. In HLA-
haploidentical HCT with posttransplantation cyclophosphamide
as GVHD prophylaxis, sirolimus has been investigated in com-
bination with mycophenolate mofetil in the setting of myeloa-
blative conditioning.33 The prospective trial included 40 patients
and reported a cumulative incidence of 15% and 7.5% for grade
2 to 4 acute GVHD and grade 3 to 4 acute GVHD at day 100
posttransplantation, respectively, with a low incidence of chronic
GVHD at 20% after 1 year. NRM and relapse incidence were
17% and 35%, resulting in an overall survival of 56% at 1 year
posttransplantation.

Although results are encouraging, and improved results have
been observed compared with our earlier trial,6 the efficacy of
the investigated combination of immunosuppressive drugs has
to be tested against other novel strategies used for HLA-
mismatched HCT. No differences were observed between pa-
tients who are mismatched at HLA class I or II. However, because
the trial was underpowered to detect any differences in outcome
between HLA class I or II mismatches, these findings have to be
validated in an adequately powered trial.

In conclusion, the current trial shows that addition of sirolimus to
GVHD prophylaxis with cyclosporine and mycophenolate
mofetil in HLA class I or II mismatched donor HCT after non-
myeloablative conditioning is safe and capable of reducing
acute GVHD and NRM without increasing the risk of relapse or
progression in older or medically infirm patients. Our results
compare positively to what we previously observed in a ran-
domized phase 3 trial with the same combination of immuno-
suppressive drugs after HLA-matched unrelated donor HCT
following nonmyeloablative conditioning resulted in less grade 2
to 4 acute GVHD and NRM, and superior rates in overall and
progression-free survival.13 These findings suggest that the
immunomodulatory effects of sirolimus may overcome the
otherwise deleterious consequences of HLA mismatching. Al-
though results of the current study are encouraging, no re-
duction in the incidence of chronic GVHD was observed, leaving
open the question of approaches to reduce the risk of chronic
GVHD. In addition to the nonmyeloablative conditioning
regimen used in the current study, other reduced-intensity
regimens have proven successful in HLA antigen–mismatched
transplantation. Between 33% and 50% of patients in the reports

Table 3. Adverse events

Adverse event

Grade 3 Grade 4

No. (%) No. (%)

Blood and lymphatic system 2 (3) 0

Cardiac 4 (5) 1 (1)

Coagulation 1 (1) 1 (1)

Gastrointestinal 6 (8) 1 (1)

Hepatic 3 (4) 0

Infection/febrile neutropenia 6 (8) 3* (4)

Neurologic 3 (4) 0 (0)

Pulmonary/respiratory 6 (8) 2* (3)

Renal and urinary disorder 7 (9) 2 (3)

Secondary cancer 1 (1) 0

Grade 1 to 2 events were not recorded in this trial. All grade 3 and 4 adverse events
are shown.

*Includes 1 patient in each category who experienced a grade 5 fatal event due to
pneumonia and multiorgan failure due to sepsis.

1504 blood® 24 SEPTEMBER 2020 | VOLUME 136, NUMBER 13 KORNBLIT et al

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/136/13/1499/1758801/bloodbld2020005338.pdf by guest on 07 M

ay 2024



by Gaballa et al30 and Battipaglia et al20 received reduced-
intensity conditioning, mainly based on fludarabine in combi-
nation with low-dose TBI, busulfan, or melphalan. To address the
question of chronic GVHD, we are conducting a phase 2
randomized trial (#NCT03246906) comparing mycophenolate
mofetil, cyclosporine, and sirolimus with posttransplantation
cyclophosphamide, cyclosporine, and sirolimus in unrelated
HLA-matched or single antigen-mismatched PBSC HCT after
conditioning with FM100 (fludarabine 120 mg/m2, melphalan
100 mg/m2 and 2 Gy TBI), FluBu2 (fludarabine 150 mg/m2 and
busulfan 6.4 mg/kg IV or 8 mg/kg by mouth), or Flu/TBI (flu-
darabine 90 mg/m2 and 2-3 Gy TBI).
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