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Abstract

BACKGROUND—High-dose, post-transplantation cyclophosphamide (PTCy) to prevent graft-
versus-host disease (GVHD) has improved outcomes in haploidentical (HAPLO) stem cell
transplantation (SCT). However, it remains unclear whether this strategy is effective in SCT from
1-antigen human leukocyte antigen (HLA)-mismatched unrelated donors (9/10 MUD) and how the
outcomes of these patients compare with those of haploidentical transplantation recipients.

METHODS—A parallel, 2-arm, nonrandomized phase 2 clinical trial was conducted of
melphalan-based reduced-intensity conditioning with PTCy, tacrolimus, and mycophenolate
mofetil to prevent GVHD in patients with high-risk hematologic malignancies who underwent
HAPLO (n = 60) or 9/10 MUD (n = 46) SCT.

RESULTS—The 1-year overall and progression-free survival rates were 70% and 60%,
respectively, in the HAPLO arm and 60% and 47%, respectively, in the 9/10 MUD arm. The day
+100 cumulative incidence of grade Il to IV acute GVHD and grade 111 to IV acute GVHD was
28% and 3%, respectively, in the HAPLO arm and 33% and 13%, respectively, in the 9/10 MUD
arm. The 2-year cumulative incidence of chronic GVHD was 24% in the HAPLO arm and 19% in
the 9/10 MUD arm. The 1-year cumulative incidence of nonrelapse mortality was 21% in the
HAPLO arm and 31% in the 9/10 MUD arm, and the 1-year relapse rate was 19% in the HAPLO
arm and 25% in the 9/10 MUD arm.

CONCLUSIONS—AIthough this was a nonrandomized study and could not serve as a direct
comparison between the 2 groups, the authors conclude that PTCy-based GVHD prophylaxis is
effective for both HAPLO and 9/10 MUD SCTs. Prospective randomized trials will be required to
compare the efficacies of alternative donor options for patients lacking HLA-matched donors.

Keywords

9/10 matched unrelated donors; graft-versus-host disease; haploidentical transplantation;
hematologic malignancies; post-transplantation cyclophosphamide

INTRODUCTION

Allogeneic hematopoietic stem cell transplantation (SCT) is a curative option for many
patients with high-risk or advanced hematologic malignancies.! However, donor availability
remains an important limitation for a large proportion of patients.2 For patients without an
HLA-matched sibling, an 8/8 human leukocyte antigen (HLA)-matched unrelated donor
(MUD), matched at HLA-A, HLA-B, HLA-C, and HLA-D-related 51 (HLA-DRB1), is the
current standard of care because of similar transplantation outcomes.3# The availability of
an MUD is related to the race of the recipient; such a match can be identified for about 70%
of Caucasians, 30% of Hispanics and Asians, and <20% of African Americans.> When there
is no MUD available, 1 of 3 alternative donor sources could be used: haploidentical donors,
cord blood, or mismatched unrelated donors. It remains unclear whether 1 of these
alternative sources is superior to the others.

The introduction of high-dose, post-transplantation cyclophosphamide (PTCy) in
combination with tacrolimus and mycophenolate mofetil (MMF) to prevent graft-versus-host
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disease (GVVHD) has significantly improved the outcomes of patients who undergo
haploidentical SCTs.8 Moreover, 2 parallel Blood and Marrow Transplant Clinical Trials
Network clinical studies using nonmyeloablative conditioning regimens reported similar
outcomes between haploidentical SCTs and cord blood transplantations.” However,
outcomes of haploidentical transplantations have not been compared with outcomes of
HLA-mismatched unrelated donor transplantations, and it is currently unknown whether
PTCy can also reduce GVHD in patients who undergo a 1-antigen HLA-mismatched
unrelated donor (9/10 MUD) SCT. To address this question, we initiated a nonrandomized
phase 2 clinical trial with 2 parallel arms investigating the safety and efficacy of GVHD
prophylaxis with PTCy, tacrolimus, and MMF after a melphalan-based, reduced-intensity
conditioning regimen in patients with advanced hematologic malignancies who underwent
SCT from a haploidentical donor or a MUD mismatched at a single HLA-A, HLA-B, HLA-
C, HLA-DRB1, or HLA-DQ g1 (DQBL1) antigen or allele. Patients were considered for
study entry if they lacked a matched related donor or a 10/10 HLA-matched unrelated donor
(including HLA-DQB1) typed by high-resolution methods. The melphalan-based regimen
used in the current study was previously used by our group with T-cell-depleted
haploidentical grafts and produced good disease control and an acceptable toxicity profile.8
Here, we report the results from this single-institution clinical trial.

MATERIALS AND METHODS

Study Design

This was a prospective nonrandomized phase 2 clinical trial for patients with hematologic
malignancies and consisted of 2 parallel arms: haploidentical transplants (HAPLO arm) and
9/10 MUD transplants (9/10 MUD arm). The clinical trial was registered at
ClinicalTrials.gov (National Clinical Trial NCT01010217). Patients were enrolled during the
period from January 2010 through August 2014 and were assigned to the HAPLO arm or the
9/10 MUD arm based on donor availability and physician preference. The 2 arms received
identical melphalan-based conditioning chemotherapy and GVHD prophylaxis, as described
below. The primary objective of this study was to assess the safety and feasibility of this
approach to prevent GVHD in mismatched related and unrelated donor transplants and
determine the clinical outcomes of patients with advanced hematologic malignancies treated
in this fashion with 2 donor sources. The study was reviewed and approved by the
Institutional Review Board of The University of Texas MD Anderson Cancer Center. All
patients provided written informed consent according to the principles of the Declaration of
Helsinki.

Treatment Protocol

The conditioning regimen consisted of 1 intravenous dose of 140 mg/m? melphalan on day
-7, 1 intravenous dose of 5 mg/kg thiotepa on day —6, and 4 intravenous doses of 40 mg/m?
fludarabine (1 daily on days -5 through —2) (FM140). Because thiotepa was intermittently
available, it was replaced by total body irradiation at a dose of 2 grays on day —1. Older
patients (aged >55 years) or those with significant comorbidities received a lower melphalan
dose (100 mg/m?) (FM100). All patients who had B-lymphocyte antigen (CD20)-positive
lymphoma received rituximab (375 mg/m?) on days —13, -6, +1, and +8.

Cancer. Author manuscript; available in PMC 2017 November 15.
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The GVHD prophylaxis consisted of 50 mg/kg cyclophosphamide on days +3 and +4 and
tacrolimus and MMF starting on day +5. Patients received MMF at a dose of 15 mg/kg 3
times daily (maximum, 1000 mg per dose), which was continued until day +100 and then
tapered. The MMF was originally planned to stop on day +35; however, after the first 11
patients were enrolled, 5 patients developed grade Il through IV acute GVHD (aGVHD)
after the MMF was stopped. Subsequently, we amended the protocol to taper the MMF after
day +100. Serum levels of tacrolimus were maintained between 5 and 15 ng/mL (goal, 8 ng/
mL), and the tacrolimus was continued until day +180 followed by a weekly taper if GVHD
was absent.

The stem cell source was unmodified bone marrow for both the HAPLO arm and the 9/10
MUD arm and was infused fresh on day 0. The goal of the bone marrow harvest was 3 x 108
total nucleated cells/kg recipient body weight. If obtaining a bone marrow graft was not
feasible, then patients received a peripheral blood graft. Filgrastim (5 pg/kg/day) was started
on day +7 and continued until the absolute neutrophil count (ANC) was >1000/L for 3
consecutive days. Supportive care included standard antiviral, antifungal, and Pneumocystis
carinii pneumonia prophylaxis.

Patients ages 18 to 65 years with advanced or high-risk hematologic malignancies, including
patients with active disease, who lacked an HLA-matched related donor or a 10/10 MUD
were eligible for the study. High-risk disease was defined according to established criteria
and is described in the accompanying online materials (see online Supporting Information).
Other criteria for inclusion in the study were a Karnofsky performance status =70 and
adequate cardiac, pulmonary, hepatic, and renal function. The exclusion criteria were human
immunodeficiency virus infection, active hepatitis B or C infection, active infections,
cirrhosis, active disease involvement in the central nervous system, and pregnancy. HLA
typing, HLA antibody testing, and donor selection were performed as previously described
(see online Supporting Information).8-10

Immunologic Reconstitution Studies

We evaluated the reconstitution of lymphocyte subsets using flow cytometry for total
lymphocytes (CD3+), total lymphocytes/T cells (CD3+/CD4+, CD3+/CD8+), T-regulatory
cells (CD25+), B cells (CD19+), natural killer cells (CD56+), naive cells (CD45RA+), and
memory cells (CD45R0O+) on peripheral blood samples from recipients of HAPLO and 9/10
MUD transplantations on days +30, +90, +180, +270, and +365 after transplantation, as
described in the online materials (see online Supporting Information).

Statistical Analysis

The primary objective of this study was to determine the safety and nonrelapse mortality
(NRM) for each group. The study was monitored using the NRM rate at day +100 as the
primary safety endpoint; a Bayesian monitoring scheme was used with early stopping rules
in which the trial would be stopped if the predicted NRM rate at day +100 was >25%. The
secondary endpoints were the cumulative incidence of neutrophil and platelet recovery; the
1-year overall survival (OS) rate; and the cumulative incidence of aGVHD, chronic GVHD
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(cGVHD), NRM, and relapse. Other endpoints were the progression-free survival (PFS) rate
and the immunologic reconstitution of the T-cell subsets during the first year after
transplantation. Further details of the statistical methods are outlined in the online materials
(see online Supporting Information).

Patient Characteristics

The characteristics of patients in both the HAPLO arm (n = 60) and the 9/10 MUD arm (n =
46) of this study are summarized in Table 1. The median follow-up duration was 24 months
in the HAPLO arm and 29 months in the 9/10 MUD arm. Because neither arm met the early
stopping rule and because enrollment in the 9/10 MUD arm was slower than in the HAPLO
arm, enrollment in the HAPLO arm was extended until accrual in the 9/10 MUD arm was
completed. Table 2 summarizes the transplantation outcomes for each arm.

Engraftment and Chimerism

GVHD

In the HAPLO arm, the cumulative incidence of neutrophil recovery at day +45 was 95%
(95% confidence interval [CI], 84%—-99%), and the median time to neutrophil recovery was
18 days (range, 13-27 days). The cumulative incidence of platelet recovery at day +100 was
87% (95% ClI, 74%-94%), and the median time to platelet recovery was 25 days (range, 18—
114 days). There were 2 cases of primary graft failure (both patients received FM140
conditioning). One patient had a high level of donor-specific anti-HLA antibodies and could
not undergo another transplantation, and the other patient underwent a second allogeneic
transplantation from another haploidentical donor; however, both patients died of treatment-
related causes. Another patient who received FM100 conditioning for chronic lymphocytic
leukemia developed secondary graft failure with autologous hematopoietic reconstitution,
underwent a second transplantation, and remained alive and in remission 3 years after the
second transplantation. All other evaluable patients achieved full (>95%) donor T-cell and
myeloid chimerism at day +30.

In the 9/10 MUD arm, the cumulative incidence of neutrophil recovery at day +45 was 98%
(95% ClI, 46%-99%), and the median time to neutrophil recovery was 18 days (range, 13-34
days). The cumulative incidence of platelet recovery at day +100 was 80% (95% CI, 63%-—
90%), and the median time to platelet recovery was 28 days (range, 18-141 days). One
patient developed primary graft failure and subsequently died. Three patients had delayed
engraftment, with ANC recovery at days +30, +31, and +34. One patient who received
FM140 conditioning for multiple myeloma had mixed chimerism at day +30, achieved full
chimerism at day +60, and remained in complete remission at the date of the last follow-up.
All other evaluable patients achieved full (>95%) donor T-cell and myeloid chimerism at day
+30.

In the HAPLO arm, the cumulative incidence of grade 11-1VV aGVHD was 28% at day +100
and 33% at 1 year after transplantation, whereas the cumulative incidence of severe aGVHD
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(grade 111-1V) was 3% at day +100 and 5% at 1 year after transplantation. The cumulative
incidence of cGVHD at 2 years after transplantation was 24% (Table 2, Fig. 1).

In the 9/10 MUD arm, the cumulative incidence of grade 11-1VV aGVHD was 33% at day
+100 and 40% at 1 year after transplantation, whereas the cumulative incidence of severe
aGVHD (grade I11-1V) was 13% at day +100 and 15% at 1 year after transplantation. The
cumulative incidence of cGVHD at 2 years after transplantation was 19% (Table 2, Fig. 1).

NMR, Relapse, and Survival

In the HAPLO arm, the cumulative incidence of NRM at day +100 was 10%, and the 1-year
cumulative incidence of NRM was 21%. The 1-year OS rate was 70%, and the 1-year PFS
rate was 60%. The conditioning intensity (FM140 vs FM100) had no impact on the 1-year
OS rate (FM140, 69%; FM100, 69%; P = .64) or the 1-year PFS rate (FM140, 64%; FM100,
53%; P=.8) (Table 2, Fig. 2). The 1-year cumulative incidence of disease relapse was 19%,
with a 2-year cumulative incidence of relapse-related mortality of 23% (Table 2, Fig. 2).

In the 9/10 MUD arm, the cumulative incidence of NRM at day +100 was 13%, and the 1-
year cumulative incidence of NRM was 31%. The 1-year OS rate was 60%, and the 1-year
PFS rate was 47%. Like in the HAPLO arm, the conditioning intensity had no impact on the
1-year OS rate (FM140, 62%; FM100, 50%; P=.83) or the 1-year PFS rate (FM140, 49%;
FM100, 39%; P=.9) (Table 2, Fig. 2). The 1-year cumulative incidence of disease relapse
was 25%, with a 2-year cumulative incidence of relapse-related mortality of 14% (Table 2,
Fig. 2).

Transplantation-Related Complications

Grade I11-1V transplant-related toxicities are summarized in Table 3. The most common
adverse events after transplantation in both arms were infectious complications. The
cumulative incidence of cytomegalovirus (CMV) reactivation among patients at risk of
CMV reactivation was similar in the 2 arms (HAPLO, 66%; 9/10 MUD, 67%). CMV organ
disease occurred in 2 patients in the HAPLO arm (CMV colitis, CMV retinitis) and 5
patients in the 9/10 MUD arm (CMV colitis, n = 1; CMV pneumonitis, n = 4). Two patients
in the HAPLO arm developed post-transplantation lymphoproliferative disease associated
with Epstein-Barr virus reactivation. The causes of death are summarized in Table 2.

Immunologic Reconstitution

The median absolute numbers of lymphocyte subsets for total lymphocytes (CD3+), T cells
(CD4+, CD8+), B cells (CD19+), natural killer cells (CD56+), T-regulatory cells (CD25+),
naive T cells (CD45RA+), and memory T cells (CD45R0+) obtained during the first year
post-transplantation are provided in Figure 3. In both arms, the median absolute lymphocyte
count reached normal levels (=1000 cells/zL) by day +180 after transplantation. A detailed
analysis of the recovery of lymphocyte subsets in both arms is presented in the online
Supporting Information.
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DISCUSSION

We investigated PTCy-based GVHD prophylaxis for haploidentical and 9/10 MUD
transplantations using a melphalan-based, reduced-intensity conditioning regimen in a phase
2 clinical trial among patients who had advanced hematologic malignancies. With a 100-day
NRM cumulative incidence of 10% in the HAPLO arm and 13% in the 9/10 MUD arm, the
trial met its primary endpoint of an NRM rate <25%, establishing this regimen as a safe and
feasible option for both donor sources.

Several alternative donor sources are currently available for patients who lack an HLA-
matched donor, including haploidentical donors, cord blood, and HLA-mismatched
unrelated donor grafts. The choice of stem cell source used in the absence of an HLA-
matched donor is currently influenced largely by the individual institution’s experience and
research priorities. Previously, 2 parallel, multicenter, nonrandomized phase 2 clinical trials
conducted by the Blood and Marrow Transplant Clinical Trials Network reported outcomes
of haploidentical and cord blood grafts using identical conditioning regimens.” The same
group is currently conducting a randomized study between these 2 donor sources. In that
study, the NRM rate in the patients who underwent haploidentical transplantation was very
low; however, the relapse rate appeared to be higher in the haploidentical group than in the
cord blood graft group.”

It is important to note that, although our protocol was designed to evaluate this GVHD
prophylaxis regimen with haploidentical and 9/10 MUD transplantations, the trial was
nonrandomized and cannot serve as a head-to-head comparison of clinical outcomes
between the 2 arms. Therefore, we did not assess statistical differences between the 2
groups. Overall, both arms had comparable clinical outcomes, with similar 2-year OS rates,
although the NRM rate was somewhat higher in the 9/10 MUD arm (34% vs 23%). This
higher NRM rate was driven by a higher proportion of patients experiencing grade Il and 1V
aGVHD (40% vs 33%) and grade I11 and IV aGVHD (15% vs 5%). However, these results
should be interpreted with caution, because the trial was not intended to compare both
groups, and any differences in outcomes between the 2 groups may have occurred by
chance.

The introduction of PTCy, which selectively eliminates alloreactive T cells, has significantly
lowered the incidence GVHD in haploidentical transplantations.8-11-15 Similarly, in our
study, the rate of grade I11-1V aGVHD at 1 year was low in the HAPLO arm (33%) using a
melphalan-based conditioning regimen. Our study builds on this concept and extends this
GVHD prevention approach to mismatched MUD transplantations, which is a novel aspect
of this trial. Some trials have investigated PTCy in HLA-matched related and unrelated
transplantations with or without post-transplantation immune suppression.16-20 \We observed
a low grade of grade I1-1VV aGVHD at 100 days (33%) and cGVHD at 2 years (19%) in the
9/10 MUD arm, which establishes PTCy in combination with tacrolimus and MMF as an
effective GVHD prevention strategy in patients who undergo mismatched MUD SCT. This
compares favorably to other studies using PTCy without post-transplantation immune
suppression in 10/10 HLA-matched unrelated transplantations, in which the incidence of
grade I1-1V GVHD at 100 days was 60% (95% ClI, 45%—74%) and 22% (95% CI, 10%—
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34%), respectively, for cGVHD at 2 years.1” Overall, this suggests that post-transplantation
immunosuppression is still important even after PTCy. However, we observed a seemingly
higher rate of aGVHD in the 9/10 MUD arm compared with the HAPLO arm; however, this
needs to be confirmed in a randomized trial, because it may have been the result of chance
given the differences between both groups. For example, more patients in the 9/10 MUD
arm received peripheral blood stem cells rather than bone marrow stem cells, which may
have led to a seemingly higher incidence of aGVHD in the 9/10 MUD arm.?!

Historically, unmanipulated T-cell-replete haploidentical transplantations with conventional
GVHD prophylaxis were associated with high rates of aGVHD.22-24 This was overcome by
ex vivo T-cell depletion, but immune recovery was significantly delayed, leading to high
rates of infectious complications and NRM.25-27 In our study, we observed a more rapid
recovery of all T-cell subsets in the first 6 months after transplantation in both arms using a
T-cell-replete graft, which translated into an acceptable rate of infectious complications.
This is attributable to PTCy, which selectively deletes only the alloreactive T cells,
preserving nonalloreactive T cells, which likely helps augment immune recovery.

Disease relapse remains a significant cause of treatment failure. Prior studies using
haploidentical transplantations with less intensive conditioning were associated with high
rates of relapse, exceeding 60%.5 In the current trial and with the use of melphalan-based
conditioning, we observed a relatively low incidence of relapse in both arms without
excessive toxicity, considering that approximately one-third of patients with leukemia in
both groups were beyond first or second complete remission and that 70% of patients in the
HAPLO arm and 38% of those in the 9/10 MUD arm who had lymphoma were not in
remission (20% and 15% of patients, respectively, were chemotherapy resistant at
transplantation). At least in the HAPLO arm, the 1-year relapse rate was lower than in the
Blood and Marrow Transplant Clinical Trials Network trial (19% vs 46%), in which a
nonmyeloablative conditioning regimen was used.’

Another novel aspect of this trial was the prospective evaluation of a regimen in which a
lower dose of melphalan (FM100) was used for older patients or for those who had
comorbidities and no HLA-matched donors, a reduction in intensity from the original
FM140 regimen.28 This lower dose was associated with low NRM and good disease control
in the older population and did not produce significantly different outcomes compared with
the FM140 conditioning dose intensity. Our group also reported favorable outcomes with
lower melphalan doses in a previous study.2® With its lower incidence of aGVHD and NRM
and its very good outcomes, this lower dose intensity could be a particularly good option for
older patients or for those with comorbidities.29

In conclusion, this study establishes PTCy, tacrolimus, and MMF as an effective method for
preventing GVHD in HLA-mismatched transplantation using both haploidentical and
mismatched unrelated donor sources. The results also support melphalan-based conditioning
as an effective regimen for a broad range of hematologic malignancies. Prospective
randomized trials are required to compare the efficacy of alternative donor options for
allogeneic hematopoietic transplantation in patients who lack an HLA-matched donor.
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(A,B) The incidence of acute graft-versus-host disease (aGVHD) is illustrated in (A) the
haploidentical donor arm and (B) the 1-antigen human leukocyte antigen-mismatched
unrelated donor (9/10 MUD) arm. (C,D) The incidence of chronic GVHD is illustrated in
(C) the haploidentical donor arm and (D) the 9/10 MUD arm.
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(A,B) Overall survival (OS) and progression-free survival (PFS) outcomes are illustrated in
(A) the haploidentical donor arm and (B) the 1-antigen human leukocyte antigen-
mismatched unrelated donor (9/10 MUD) arm. (C,D) PFS is illustrated according to
conditioning intensity for those who received FM140 (1 intravenous dose of 140 mg/m?
melphalan on day -7, 1 intravenous dose of 5 mg/kg thiotepa on day —6, and 4 intravenous
doses of 40 mg/m? fludarabine [1 daily on days -5 through —2]) versus those who received
FM100 (the same regimen with a lower melphalan dose of 100 mg/m2) in (C) the
haploidentical donor arm and (D) the 9/10 MUD arm. (E,F) Relapse-related mortality
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(RRM) and nonrelapse-related mortality (NRM) are illustrated in (E) the haploidentical
donor arm and (F) the 9/10 MUD arm.
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Figure 3.

Charts illustrate immune reconstitution of lymphocyte subsets in the haploidentical donor
(HAPLO) and 1-antigen human leukocyte antigen-mismatched unrelated donor (9/10 MUD)
arms. Median absolute counts of T-lymphocyte subsets, B cells (cluster of differentiation 19-
positive [CD19+]), natural killer cells (CD3-/CD56+), and T-regulatory cells (CD4+/
CD25+) are shown for each donor type. Horizontal lines in the graphs indicate reference
values, and tables below the graphs display median values at different time points. Reference
values have not been established for CD4+/CD25+, CD45RA+/CD4+, or CD45RO+/CD4+

cells. D indicates day.
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Patient Characteristics

TABLE 1

Characteristic

No. of Patients (%)

HAPLOArm,n=60 9/10MUD Arm, n =46

Median age [range], y
Recipient sex
Men
Women
Karnofsky performance status
290

Donor sex
Men
Women
Donor relationship to recipient
Unrelated
Parent
Child
Sibling
Cousin
HLA locus mismatch location
A
B
C
DRB1
DQB1
A/B/C/DRB1/DQB1
B/C/DRB1/DQB1
A/B/DRB1/DQB1
A/B/C/DQB1
A/B/C/DRB1
A/DRB1/DQB1
A/B/DRB1
DRB1/DQB1
Hematopoietic cell transplant-comorbidity index
0-1
2-3
>3
Disease risk index?
Very high
High

Intermediate

45 [20-63] 51 [20-64]
29 (48) 23 (50)
31 (52) 23 (50)
53 (88) 40 (87)
7(12) 6 (13)
35 (58) 22 (48)
25 (42) 24 (52)
NA 46 (100)
8 (13) NA
24 (40) NA
27 (45) NA
1(2) NA
0(0) 20 (44)
0(0) 6 (13)
0(0) 16 (35)
0(0) 2(4)
0(0) 2(4)
42 (70) 0(0)
7(12) 0(0)
4(7) 0(0)
2(3) 0(0)
1(2) 0(0)
2(3) 0(0)
1(2) 0(0)
1(2) 0(0)
31(52) 22 (48)
19 (32) 16 (35)
10 (17) 8(17)
5(8) 3(7)
18 (30) 15 (33)
29 (48) 12 (26)
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No. of Patients (%)

Characteristic HAPLO Arm,n=60 9/10MUD Arm, n =46
Low 8 (13) 12 (26)
NA 0(0) 4(9)P

No. of prior autologous hematopoietic cell transplantations
0 53 (88) 38 (83)
1 6 (10) 6 (13)
2 1(2) 2(4)

No. of prior chemotherapy cycles
0-3 48 (80) 36 (78)
>3 12 (20) 10 (22)

Conditioning intensity
FM100 20 (33) 18 (39)
FM140 40 (67) 28 (61)

Graft source
Bone marrow 58 (97) 38 (83)
Peripheral blood 2(3) 8 (17)

CMV status
Patient and donor negative 6 (10) 5(11)
Patient or donor positive 54 (90) 41 (89)

Diagnosis
AML/MDS 33 (55) 18 (39)
Secondary AML/MDS® 7(12) 7(15)
ALL 7(12) 5 (11)
Non-Hodgkin lymphoma 8(13) 11 (24)
Hodgkin lymphoma 2(3) 2(4)
Myeloproliferative disease 9 (15) 4(9)
Multiple myeloma 1(2) 2(4)
Aplastic anemia 0 (0) 4(9)

Disease stage For acute leukemia
CR1/CR2 24 (67) 9 (56)
>CR3/CRp 6 (17) 5(31)
Active disease 6 (17) 2(13)

For lymphoma
CR 3(30) 8(62)
PR 5 (50) 3(23)
Chemoresistant 2 (20) 2(15)

For multiple myeloma
PR 1 (100) 1 (50)
Very good PR 0 (0) 1(50)

Abbreviations: 9/10 MUD, HLA-mismatched unrelated donor; ALL, acute lymphoblastic leukemia; AMS/MDS, acute myeloid leukemia/
myelodysplastic syndrome; CMV, cytomegalovirus; CR1, first complete remission; CR2, second complete remission; CR3, third complete
remission; CRp, complete remission with incomplete count recovery; DQB1, DQ p1; DRB1, D-related f1; FM100, the same regimen as FM140
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with a lower melphalan dose of 100 mg/mz; FM140, 1 intravenous dose of 140 mg/m2 melphalan on day -7, 1 intravenous dose of 5 mg/kg

thiotepa on day —6, and 4 intravenous doses of 40 mg/m2 fludarabine (1 daily on days -5 through -2); HAPLO, haploidentical donor; HLA, human
leukocyte antigen; NA, not applicable; PR, partial remission.

aDisease risk was assessed using the disease risk index described by Armand et al, 2012.30
bThese patients had aplastic anemia.

cSecondaw AML/MDS was defined as disease secondary to a previous hematologic disorder or therapy related.
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Transplantation Outcomes

TABLE 2

Outcome

Engraftment, %
Median time to platelet recovery, d

Median time to ANC >500/pL, d

Chimerism at day 30 excluding patients with graft failure or early death, no./no. evaluable

Full
Mixed
OS rate [95% Cl], %
Day 100
ly
2y
PFS rate [95% Cl], %
Day 100
ly
2y
Relapse cumulative incidence [95% Cl], %
Day 100
1y
2y
Grade 11-1V aGVHD cumulative incidence [95% CI], %
Day 100
1y
Grade I11-1V aGVHD cumulative incidence [95% CI], %
Day 100
1y
c¢GVHD cumulative incidence [95% ClI], %
1y
2y
NRM cumulative incidence [95% ClI], %
Day 100
1y
2y
CMV reactivation cumulative incidence at day 100 [95% CI], %
Deaths, no. of patients (%)
Disease relapse
Infection
Organ damage
aGVHD
cGVHD

Graft failure

HAPLO 9/210 MUD
Arm,n=60 Arm,n=46
97 98
25 28
18 18
56/57 43/44
1/57 1/44
90 [79-95] 87 [73-94]
70 [55-79] 60 [44-73]
55 [40-67] 52 [35-65]
88 [77-94] 80 [66-89]
60 [46-72] 47 [32-61]
53 [38-65] 42 [27-55]
2[0.1-8] 7 [2-16]
19 [10-31] 25 [13-38]
24 [14-37] 25 [13-38]
28 [18-40] 33 [20-46]
33 [22-45] 40 [25-54]
3[06-10] 13 [5-25]
5[1-13] 15 [7-27]
19 [10-30] 19 [9-32]
24 [13-36] 19 [9-32]
10 [4-19] 13 [5-25]
21[11-32] 31 [18-45]
23 [13-35] 34 [20-48]
66 [52-76] 67 [50-79]
24 (100) 23 (100)
11 (46) 8 (35)
4(17) 5(22)
4.(17) 2(9)
1(4) 5(22)
2(8) 2(9)

2 (8) 1(4)
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Abbreviations: 9/10 MUD, HLA-mismatched unrelated donor; aGVHD, acute graft-versus-host disease; ANC, absolute neutrophil count; cGVHD,
chronic graft-versus-host disease; Cl, confidence interval; CMV, cytomegalovirus; NRM, nonrelapse mortality; OS, overall survival; PFS,
progression-free survival.
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TABLE 3
Severe Transplantation-Related Toxic Effects (From the Start of Conditioning Through Day 180)

No. of Events (%)

HAPLOArm,n=60 9/10MUD Arm, n =46

Toxic Effect Gradelll GradelV Gradelll GradelV
Bacterial infection 37(62) 5(8) 26 (57) 5(11)
Viral infection 18 (30) 2(3) 9 (20) 1(2)
Fungal infection 2(3) 2(3) 3(7) 0(0)
Neutropenic fever 29 (48) 0 (0) 13 (28) 0 (0)
Hepatic effect? 6 (10) 0(0) 3 3
Pulmonary effect? 4(7) 0(0) 1(2) 1(2)
Diffuse alveolar hemorrhage 1(2) 0 (0) 0 (0) 0 (0)
Renal impairment 2(3) 1(2) 5(11) 0 (0)
Mucositis 3(5) 0 (0) 2(4) 0(0)
Nausea 2(3) 0(0) 1(2) 0(0)
Diarrhea 3(5) 1(2) 9 (20) 0 (0)
Skin rash 1(2) 0(0) 1(2) 0(0)
Neurologic effect? 000 1@ 000 00
Headache 0(0) 0(0) 0(0) 1(2)
Encephalopathy 0(0) 0(0) 0(0) 1(2)
Thrombotic microangiopathy 0 (0) 0 (0) 1(2) 0 (0)
Veno-occlusive disease 0(0) 0(0) 1(2) 1(2)
Cardiac dysfunction 0(0) 0(0) 1(2) 1(2)

Abbreviations: 9/10 MUD, HLA-mismatched unrelated donor; HAPLO, haploidentical donor.

a . - . . - . . -
“Hepatic effect” indicates elevation of liver enzymes; “pulmonary effect” indicates hypoxia and/or dyspnea; and “neurologic effect” indicates
cerebellar toxicity.
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