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Received 31 July 2018 Allogeneic hematopoietic cell transplantation (allo-HCT) using siblings and matched donors has the potential
Accepted 13 September 2018 for long-term disease control in a subset of high-risk patients with multiple myeloma (MM); however, the data

on using haploidentical donors in this disease are limited. We conducted a retrospective analysis to examine
4 the outcomes of patients with MM who underwent haploidentical allo-HCT within European Society for Blood
Multiple myeloma and Marrow Transplantation/Center for International Blood and Marrow Transplant Research centers. A total of
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engraftment by day 28, and 75% (95% Cl, 66% to 84%) achieved platelet recovery by day 60. Two-year progres-
sion-free survival (PFS) was 17% (95% CI, 8% to 26%), and overall survival (OS) was 48% (95% CI, 36% to 59%). At 2
years, the cumulative risk of relapse/progression was 56% (95% CI, 45% to 67%), and 1-year nonrelapse mortality
(NRM) was 21% (95% CI, 13% to 29%). The incidences of acute graft-versus-host-disease (GVHD) grades II-IV by
100 days and chronic GVHD at 2 years were 39% (95% CI, 28% to 49%) and 46% (95% CI, 34% to 59%), respectively.
On univariate analysis, use of post-transplantation cyclophosphamide (PT-Cy) (54% [95% CI, 41% to 68%] versus
25%[95% CI, 1% to 48%]; P=.009) and use of bone marrow as source of stem cells (72% [95% CI, 55% to 89%] versus
31% [95% CI, 17% to 46%]; P=.001) were associated with improved OS at 2 years. Disease status, patient sex,
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intensity of conditioning regimen, recipient/donor sex mismatch, and cytomegalovirus serostatus had no
impact on OS, PFS, or NRM. Haploidentical transplantation is feasible for patients with multiply relapsed or
high-risk MM, with an encouraging 2-year OS of 48% and an NRM of 21% at 1 year, supporting further investiga-
tion of haploidentical allo-HCT in suitable candidates with MM.

© 2018 American Society for Blood and Marrow Transplantation.

INTRODUCTION

Despite tremendous strides in the treatment of multiple
myeloma (MM), the disease remains incurable and is defined
by multiple series of responses and relapses. In the relapsed/
refractory setting, outcomes for patients may be particularly
discouraging. Moreover, patients with adverse cytogenetics
and other high-risk features may experience particularly short
progression-free survival (PFS) and inferior overall survival
(OS) rates [1].

Allogeneic hematopoietic cell transplantation (allo-HCT) is
potentially effective by virtue of a graft-versus-myeloma effect
[2-5]. According to consensus recommendations by the Inter-
national Myeloma Working Group, the European Society for
Blood and Marrow Transplantation (EBMT), the American Soci-
ety of Blood and Marrow Transplantation, and the Blood and
Marrow Transplant Clinical Trials Network, allo-HCT should be
considered appropriate therapy for eligible patients with
relapse occurring <24 months after a primary therapy that
included autologous HCT (auto-HCT), those with high-risk fea-
tures (eg, cytogenetics, extramedullary disease, plasma cell
leukemia) or both, preferably in the context of a clinical trial
[6]. In hematologic malignancies overall, allo-HCT is tradition-
ally performed with use of HLA-identical sibling donors or
unrelated donors, although it may be underutilized in high-
risk MM. Because such donors are frequently unavailable,
especially for non-Caucasian patients, allo-HCT from haploi-
dentical related donors is being increasingly used, with
decreased nonrelapse mortality (NRM) and favorable out-
comes in disease control reported [7-9]. Data on the use of
haploidentical transplantation in MM remain limited, although
2 small retrospective studies of haploidentical allo-HCT have
reported encouraging results in patients with MM [10,11].

We conducted a retrospective analysis to examine the out-
come of patients with MM who underwent haploidentical allo-
HCT using the EBMT and Center for International Blood and
Marrow Transplant Research (CIBMTR) databases. The objec-
tives of this retrospective analysis were to evaluate OS, PFS,
NRM, relapse rates, cumulative incidence of acute and chronic
graft-versus-host disease (GVHD), and engraftment rates in
patients with MM.

PATIENTS AND METHODS

Patients with a diagnosis of MM who underwent haploidentical allo-HCT
in EBMT and CIBMTR centers were selected. A haploidentical related donor is
defined by the sharing of one haplotype (or a single identical copy of chromo-
some 6) with the patient, containing the HLA region, which encompasses
class I and class II histocompatibility genes. However, a haploidentical family
donor may be more than half-matched and have common alleles on the
unshared haplotype (mismatched related donor). The most recent EBMT
report defined a haploidentical donor as a family member with 2 or more loci
mismatch within the loci HLA-A, -B, -C, -DRB1 and -DQB1 [12].

Informed consent for transplantation and data collection was obtained by
the local centers in accordance with the Declaration of Helsinki.

Statistical Analysis

Pretransplantation patient characteristics were expressed as median and
range for continuous variables and as frequency and proportion for categori-
cal variables. Primary endpoints were OS, PFS, cumulative incidence of
relapse/progression, and NRM, evaluated at 12 and 24 months after

transplantation. Outcomes were analyzed only for patients with complete
relapse information (n=93). The median duration of follow-up was deter-
mined using the reverse Kaplan-Meier method. The cumulative incidences of
grade II-IV and III-IV acute GVHD (aGVHD) and limited/extensive chronic
GVHD (cGVHD) were estimated at 100 days and at 12 and 24 months, respec-
tively. The cumulative incidences of neutrophil and platelet engraftment
were estimated at 28 days and 60 days, respectively. OS and PFS were esti-
mated using the Kaplan-Meier product limit estimation method, and differ-
ences in subgroups were assessed using a log-rank test. The cumulative
incidences of relapse and NRM were analyzed together in a competing-risks
framework. Competing-risks analyses were also separately applied to esti-
mate the incidences of aGVHD with the competing event of death before
aGVHD and cGVHD with the competing event of death before cGVHD. For
neutrophil engraftment and platelet engraftment, the competing events
were graft loss, relapse, and death before any of these events. Subgroup dif-
ferences in cumulative incidences were assessed using Gray's test. All esti-
mates are reported with 95% confidence intervals (Cls). Statistical analyses
were performed using R version 3.0.3 with the survival, prodlim, and cmprsk
packages (R Institute for Statistical Computing, Vienna, Austria).

RESULTS
Patient Characteristics

Our cohort comprised 96 patients with MM who under-
went haploidentical allo-HCT in an EBMT or CIBMTR center
between 2008 and 2016. All haploidentical transplantations in
this study were performed as salvage treatment after recurrent
disease and were the first allograft for each patient. None of
these transplantations was performed as first-line treatment.
Patient characteristics are displayed in Table 1. The median
age was 54.9 years (range, 36.6 to 73.3 years). Sixty-three
patients (65.6%) were male, and 33 (34.4%) were female. Forty-
three patients (53.8%) were stage I and Il and 37 (46.2%) were
stage III by the International Staging System classification. All
patients had undergone previous auto-HCT, including 66
patients (68.8%) with 1 previous auto-HCT, 26 patients (27.1%)
with 2 previous auto-HCTs, and 4 patients (4.2%) with 3 previ-
ous auto-HCTs. At the time of conditioning, 36 patients (37.5%)
were in very good partial response or better, 30 (31.2%) were
in partial response, 13 (13.5%) had stable disease, and 17
(17.7%) had progressive disease. Table 1 lists the immunomod-
ulatory drugs and proteasome inhibitors given before haploi-
dentical allo-HCT. Cytogenetic data were not available in all
patients.

Characteristics of the haploidentical allo-HCT regimens are
listed in Table 2. A myeloablative conditioning regimen was
used in 17 patients (18.4%), and a reduced-intensity or non-
myeloablative conditioning regimen was used in 75 patients
(81.5%) (Table 3). The graft donor was the patient's own child
in 32 patients (50.8%), a sibling in 27 patients (42.9%), a parent
in 2 patients (3.2%), and a further removed relative in 2
patients (3.2%). As GVHD prophylaxis, post-transplantation
cyclophosphamide (PT-Cy) was administered to 73 patients
(81.1%), and 17 patients (18.9%) received non-PT-Cy-based
prophylaxis. The stem cell source was bone marrow (BM) in 33
patients (34.7%) and peripheral blood (PB) in 62 patients
(65.2%). The sex match was female donor to male recipient in
31 patients (32.6%) and male donor to female recipient in 17
patients (17.9%). Cytomegalovirus (CMV)-seronegative donor
to seropositive recipient was reported in 8 cases (12.1%), and
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Table 1
Patient Characteristics

Table 2
Transplantation Characteristics

Characteristic Value

Characteristic Value, n (%)

Age, yr, median (range) 549 (36.6-73.3)

Sex, n (%)
Male 63 (65.6)
Female 33(344)
ISS, n (%)
Stage I-11 43(53.8)
Stage I1I 37(46.2)
Missing 16
Subtype, n (%)
IG 41(43.6)
IgA 15(16)
LCD 34(36.2)
Others 4(4.3)
Missing 2
KPS score, n (%)
90%-100% 52(57.1)
<90% 39(42.9)
Missing 5
HCT-CI, n (%)
0 13(13.7)
1 44 (46.3)
2 14 (14.7)
3 24(25.3)
Missing 1
Pre-haploidentical allo-HCT treatment, n (%)
VD 3(8.6)
VRD 10(28.6)
VCD 12(34.3)
VD 4(114)
RD 6(17.1)
Missing 61
Disease status, n (%)
CR/sCR/VGPR 36(37.5)
PR 30(31.2)
SD 13(13.5)
PD/relapse 17 (17.7)
Previous autologous HCT, n (%)
1 66 (68.8)
2 30(27.1)
3 4(4.2)
Time from diagnosis, n (%)
>24 mo 79 (82.3)
18-24 mo 8(8.3)
<18 mo 9(9.4)

ISS indicates International Staging System; LCD, light chain disease; VTD, Vel-
cade/thalidomide/ dexamethasone; VRD, Velcade/Revlimid/dexamethasone;
VCD, Velcade/cyclophosphamide/ dexamethasone; VD, Velcade/dexametha-
sone; CR, complete response; sCR, stringent complete response; PR, partial
response; RD, Revlimid/dexamethasone; SD, stable disease; PD, progressive
disease.

CMV-seropositive donor to seronegative recipient in 6 cases
(9.1%). Anti-thymocyte globulin was used in 11 patients
(11.7%). The median interval from diagnosis to transplantation
was 39 months (range, 6.7 to 178.9 months). Seventy-nine
patients (82.3%) underwent allo-HCT at >24 months after diag-
nosis, 8 (8.3%) did so at 18 to 24 months after diagnosis, and 9
(9.4%) did so at <18 months from diagnosis (Table 1). The Kar-
nofsky Performance Scale (KPS) score was 90% to 100% in 52
patients (57.1%) and <90% in 39 patients (42.9%). The HCT
comorbidity index (HCT-CI) [13] score was O in 13 patients
(13.7%), 1 in 44 (46.3%), 2 in 14 (14.7%), and 3+ in 24 (25.3%).
Forty-one patients (43.6%) had the IgG subtype, 15 (16.0%) had
IgA, 34 (36.2%) had light chain myeloma, 4 (4.3%) had another
Ig subtype, and data were missing in 2 patients. Post-trans-
plantation maintenance or consolidation was not planned.

Stem cell source

BM 33(34.7)
PB 62 (65.2)
Missing 1
Conditioning regimen
MAC 17 (18.4)
TBI-based 4(23.5)
Non-TBI-based 13(76.5)
RIC/NMAC 75 (81.5)
TBI-based 50 (66.7)
Non-TBI-based 25(33.3)
Missing 4
Donor relationship
Child 32(50.8)
Sibling 27 (42.9)
Parent 2(3.2)
Further removed 2(3.2)
Missing 33
Recipient/donor sex
Male/male 31(32.6)
Male/female 31(32.6)
Female/male 17 (17.9)
Female/female 16(16.9)
Missing 1
GVHD prophylaxis
PT-Cy 73(81.1)
No PT-Cy 17 (18.9)
Missing
CMV serostatus, recipient/donor
-[- 13(19.7)
+/- 8(12.1)
+[+ 39(59.1)
-[+ 6(9.1)
Missing 30
ATG 11(11.7)
No ATG 80(83.3)
Missing 2

MAC indicates myeloablative conditioning; TBI, total body irradiation; RIC,
reduced-intensity conditioning; NMAC, non-myeloablative conditioning; ATG,
anti-thymocyte globulin.

Engraftment

At a median follow up of 24.0 months (range, 13.2 to 24.9
months), the cumulative incidence of neutrophil recovery by
28 days was 97% (95% CI, 93% to 100%), at a median of 16 days
(95% CI, 15 to 17 days) (Supplementary Figure S1). The cumula-
tive incidence of platelet recovery by 60 days was 75% (95% (I,
66% to 84%) at a median of 25 days (95% CI, 23 to 29 days) (Sup-
plementary Figure S2).

PFS/OS/NRM/Relapse

The OS for the entire cohort at 2 years was 48% (95% CI, 36%
to 59%), with a median OS of 22.7 months (95% CI, 10.3 to 39.1
months) (Figure 1A). PFS at 2 years was 17% (95% Cl, 8% to
26%), at a median of 5.5 months (95% CI, 3.7 to 7.5 months)
(Figure 1B). The cumulative risk of relapse was 50% (95% CI,
39% to 61%) at 1 year and 56% (95% CI, 45% to 67%) at 2 years.
The NRM was 21% (95% CI, 13% to 29%) at 1 year and 26% (95%
Cl, 17% to 36%) at 2 years (Figure 2).

The intensity of the conditioning regimen (myeloablative
conditioning versus reduced-intensity/nonmyeloablative con-
ditioning) was not associated with significant differences in
0S, PFS, NRM, or relapse rate (Supplementary Figure S3). In
contrast, the stem cell source was linked with a strong



338 F. Sahebi et al. / Biol Blood Marrow Transplant 25 (2019) 335—-342

Table 3
Conditioning Regimens from the EBMT and CIBMTR

Regimen n

EBMT (N =56)
Flu + Mel + TBI 2 Gy
Flu+Cy +TBI2 Gy
Thio + Flu + Mel
Thio + Bu + Flu
Treo + Flu+TBI 2 Gy
Treo + Flu + Mel
CIBMTR (N =40)
TBI 10 Gy/Cy/others
Bu+TBI 2 Gy
Cy+TBI2 Gy
Mel +TBI 2 Gy
Bu+Cy
Flu + Mel

— NN =
[=2]

—_— W W=
w

Flu indicates fludarabine; Mel, melphalan; Thio, thiotepa; Bu, busulfan; Treo,
treosulfan.

difference in OS at 2 years favoring the of use of BM over PB
(72% [95% CI, 55% to 89%] versus 31% [95% CI, 17% to 46%];
P = .001), although there was no significant difference in PFS.
Two-year NRM was lower with the use of BM compared with
PB (11% [95% CI, 0% to 23%] versus 35% [95% CI, 22% to 48%];
P = .016). There was a trend toward a higher relapse rate with
use of BM (75% [95% CI, 58% to 92%] versus 45% [95% CI, 32% to
58%]; P = .083) (Figure 3).

The use of PT-Cy was associated with improved OS, with a
2-year OS of 54% (95% CI, 41% to 68%) vs 25% (95% CI, 1% to
48%) using no PT-Cy (P = .009); however, use of PT-Cy had no
effect on PFS, relapse incidence, or NRM (Figure 4). There was a
trend toward inferior OS with the use of anti-thymocyte globu-
lin (P = .07) but with no statistically significant difference in
PFS, relapse rate, or NRM (Supplementary Figure S4); however,
only a small number of patients received this therapy.

We examined the association of PT-Cy and source of stem
cells on OS. OS at 24 months was 69% (95% CI, 51% to 87%) for
patients who received a BM graft and PT-Cy, compared with
38% (95% CI, 19% to 58%) for those who received a PB graft and
PT-Cy (Supplementary Figure S5), indicating that the differ-
ence in OS by stem cell source may be independent of the use
of PT-Cy.

(A)
100 % —
75 % —
©
2
=50 % —
=
@
25%
Months since T:
O% | | onf Isslnce X
0 6 12 18 24
Natrisk: 93 58 36 29 23

aGVHD and cGVHD

The cumulative incidences of grade II-IV and III-IV aGVHD
at day 100 were 39% (95% CI, 28% to 49%) and 12% (95% CI, 5%
to 19%), respectively (Figure 5A and B). cGVHD occurred in 31
patients, with a 1-year cumulative incidence of 41% (95% (I,
30% to 53%) and a 2-year cumulative incidence of 46% (95% (I,
34% to 59%) (Figure 5C).

KPS score, HCT-CI score, donor-recipient sex mismatch,
patient and donor age, remission status at transplantation,
time from autologous HCT to relapse (<6 months, 6 to 12
months, >12 months), and donor/recipient CMV status did not
have any statistically significant impact on OS, NRM, or relapse
rate (Supplementary Figures S6 and S7).

DISCUSSION

Although the role of allo-HCT in MM is often refuted in the
upfront setting on the basis of conflicting results from random-
ized clinical trials [3,4,14-18], its use in patients with early
relapsed or high-risk MM is considered an appropriate option
[6]. Indeed, the use of allo-HCT continues to rise in relapsed
patients, based on a recent report from the EBMT [19]. Given
the limited availability of matched donors and the encouraging
results of haploidentical allo-HCT for other malignancies, we
conducted this retrospective analysis to investigate the out-
comes of patients in the EBMT and CIBMTR registries with MM
who underwent haploidentical allo-HCT. Our results demon-
strate that haploidentical allo-HCT can be safely performed in
appropriate patients with MM who lack an HLA-matched sib-
ling or unrelated donor. All patients had failed at least 1 previ-
ous auto-HCT, and one-third had failed 2 auto-HCTs, a
reflection of more advanced refractory disease. The 2-year OS
of 48% in these patients compares favorably with that in allo-
HCT using matched related or unrelated donors in patients
with relapsed MM [20-23].

In a study reported by Castagna et al [10] of 30 patients
with relapsed MM who underwent haploidentical allo-HCT
using PT-Cy, 87% had neutrophil recovery and 60% had platelet
recovery by day 30. In our present cohort, 97% of the patients
had neutrophil recovery by day 28, and 75% had platelet recov-
ery by day 60. The 1-year NRM of 21% in our study is somewhat
higher than that reported by Castagna et al (10% at 18 months);
however, it is in line with present observations of haploidenti-
cal allo-HCT in patients with myelodysplastic syndrome, a dis-
ease of older age similar to MM [9]. As supportive care
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Figure 1. OS (A) and PFS (B).
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Figure 2. NRM and relapse rate.
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continues to improve and new preparative regimens are devel-
oped, it is anticipated that the NRM rate will continue to
decline. Our 2-year OS of 48% is close to that reported by Casta-
gna et al [10]. In contrast to their observation, however, we
noted an improved OS with BM as the stem cell source. The
PFS of 17% and relapse rate of 56% in our study, although sub-
optimal, are similar to the results of salvage allo-HCT using
matched donors in patients with relapsed/refractory MM as
reported by the EBMT and other groups [24,25].

PT-Cy has been used to selectively deplete alloreactive T
cells in haploidentical allo-HCT and can be extended to
matched donor transplantation as a means of reducing GVHD
and NRM in an effort to improve OS. Similarly, we observed an
association between the use of PT-Cy and substantially
improved OS, supporting the use of PT-Cy for GVHD prophy-
laxis in future studies of haploidentical allo-HCT in patients
with MM.

We also observed superior OS using BM compared to PB as
the stem cell source, mainly because of lower NRM. This obser-
vation requires validation by future studies. A recent retro-
spective comparison of BM and PB as the graft source in
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Figure 3. Effect of stem cell source on OS (A), PFS (B), relapse (C), and NRM (D).
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Figure 4. Effect of PT-Cy on OS (A), PFS (B), relapse (C), and NRM (D).

haploidentical allo-HCT recipients with various hematologic
malignancies and receiving PT-Cy reported no significant dif-
ferences in nonrelapse mortality risk, but a greater relapse risk
with the use of BM [26].

Another study of 10 patients with MM who underwent
haploidentical allo-HCT with a conditioning regimen of cytara-
bine, busulfan, cyclophosphamide, and simustine reported a 2-
year OS of 46%, comparable to our experience [11]. In addition,
our OS of 48% despite a high relapse rate indicates improved
outcomes using salvage interventions, as well as possible syn-
ergism between a graft-versus-myeloma effect and retreat-
ment after haploidentical allo-HCT [27]. This finding has been
previously observed in the setting of allo-HCT [14,28].

The incidences of aGVHD and cGVHD in our present study
are somewhat higher than those reported after haploidentical
allo-HCT in patients with other malignancies. This finding may
be explained in part by the older and more heterogeneous

patient population in the registry data. We did not observe any
associations between outcome and disease status, recipient
and donor age, CMV serostatus, patient and donor sex mis-
match, KPS score, or HCT-CI score.

In conclusion, haploidentical allo-HCT as a salvage treat-
ment in patients with MM who lack a matched donor is feasi-
ble, with acceptable NRM, with reference to traditional donor-
based transplants. Widespread application of this procedure is
limited by the high relapse rate; however, the allo-HCT plat-
form can be used in the context of other post-transplantation
immune-based strategies, such as donor-derived chimeric
antigen receptor T cells and natural killer cell infusions, newer
immunomodulatory drugs or proteasome inhibitors, bispecific
T cell engagers, and bispecific killer cell engagers, to further
enhance antitumor effects and ultimately improve survival in
an appropriate patient population [29-31].
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Figure 5. Cumulative incidence of aGVHD grade II-IV and death without aGVHD II-grade IV (A), aGVHD grade IlI-IV and death without aGVHD grade III-IV (B), and

c¢GVHD and death without cGVHD (C).
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