Stem Cell Transplantation

HLA discrepancy between graft and host
rather than that graft and first donor impact
the second transplant outcome

Yoshinobu Maeda," Tomotaka Ugai,**" Eisei Kondo,* Kazuhiro lkegame,®
Makoto Murata,® Naoyuki Uchida,” Toshihiro Miyamoto,® Satoshi Takahashi,®
Kazuteru Ohashi,*® Hirohisa Nakamae,** Takahiro Fukuda,*?

Makoto Onizuka,*® Tetsuya Eto,** Shuichi Ota,** Makoto Hirokawa,®

Tatsuo Ichinohe,” Yoshiko Atsuta,*® Yoshinobu Kanda**° and Junya Kanda;*°
on behalf of the HLA Working Group of the Japan Society for Hematopoietic
Cell Transplantation

‘Department of Hematology and Oncology, Okayama University Graduate School of
Medicine, Dentistry and Pharmaceutical Sciences; 2Division of Cancer Epidemiology and
Prevention, Department of Preventive Medicine, Aichi Cancer Center Research Institute,
Nagoya; *Division of Hematology, Saitama Medical Center, Jichi Medical University, Tochigi;
“Division of Hematology, Department of Medicine, Kawasaki Medical School, Okayama;
°Division of Hematology, Department of Internal Medicine, Hyogo Medical College;
*Department of Hematology and Oncology, Nagoya University Graduate School of
Medicine; "Department of Hematology, Federation of National Public Service Personnel
Mutual Aid Associations Toranomon Hospital, Tokyo; ®Hematology, Oncology &
Cardiovascular medicine, Kyushu University Hospital, Fukuoka; °Division of Molecular
Therapy, The Advanced Clinical Research Center, The Institute of Medical Science, The
University of Tokyo; **Hematology Division, Tokyo Metropolitan Cancer and Infectious
Diseases Center, Komagome Hospital, Tokyo; **Department of Hematology, Osaka City
University Hospital; *?Department of Hematopoietic Stem Cell Transplantation, National
Cancer Center Hospital, Tokyo; “*Department of Hematology/Oncology, Tokai University
School of Medicine, Kanagawa; **Department of Hematology, Hamanomachi Hospital,
Fukuoka; **Department of Hematology, Sapporo Hokuyu Hospital, Hokkaido; **Department
of General Internal Medicine and Clinical Laboratory Medicine, Akita University Graduate
School of Medicine; “Department of Hematology and Oncology, Research Institute for
Radiation Biology and Medicine (RIRBM), Hiroshima University; **Department of
Healthcare Administration, Nagoya University Graduate School of Medicine; **Division of
Hematology, Department of Medicine, Jichi Medical University, Tochigi and >°Department
of Hematology and Oncology, Graduate School of Medicine, Kyoto University, Japan

*YM and TU contributed equally to this work.

ABSTRACT

econd allogeneic hematopoietic stem cell transplantation is a cura-
S tive treatment option for patients with hematologic malignancies.

However, it is unclear whether HLA discrepancy between graft and
first donor has an impact on the outcome of second transplantation. We
retrospectively analyzed 646 patients receiving second transplantation
after an initial HLA mismatched transplantation. With regard to
graft-versus-host, the one-allele mismatch (1 mismatch) group (SHR,
1.88; 95%CI: 0.79-4.45; P=0.163) and more than one-allele mismatch
group (= 2 mismatch) (SHR, 1.84; 95%ClI, 0.75-4.51; P=0.182) had high-
er risks of grade III-IV acute graft-versus-host disease (GvHD) compared
to the HLA-matched (0 mismatch) group. In contrast, no difference in
risk of acute GvHD was found among the 0, 1, and = 2 mismatch group
with respect to graft-versus-first donor. With regard to graft-versus-host,
the = 2 mismatch group showed a significantly higher risk of treatment-
related mortality (SHR, 1.90; 95%CI, 1.04-3.50; P=0.038) compared to
the 0 mismatch group, while the risk of relapse was slightly lower in the
= 2 mismatch group (SHR, 068; 95%CI, 0.44-1.06; P=0.086). In contrast,
with regard to graft-versus-first donor, there were no significant differ-
ences in treatment-related mortality or relapse among the three groups.
These findings suggested that HLA discrepancy between graft and host
induces transplant-related immunological responses in second transplan-
tation leading to an increase in treatment-related mortality, in contrast,
the biological effects of HLA discrepancy between graft and first donor
on outcome may be negligible.
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Introduction

For patients with malignant hematologic diseases who
relapse after allogeneic hematopoietic stem cell transplan-
tation (HSCT), a second HSCT is thought to be a curative
option. It is believed that use of a second donor may con-
fer increased therapeutic potency by inducing a more
potent graft-versus-leukemia (GvL) effect; however, there
are no data to support this assumption.”’ In early studies,
a second HSCT after a first HLA-matched transplantation
was associated with similar risks of relapse and acute
graft-versus-host disease (GvHD) using a different HLA-
matched donor® There was no significant difference in
survival between the transplantations from the original
donor and another donor.

Over the years, the use of HLA-mismatched (MM)
transplantation for hematologic diseases has increased,
including haploidentical HSCT and cord blood transplan-
tation (CBT). Following HLA-MM transplantation, a sec-
ond donor is selected due to HLA discrepancy between
the graft and the host. Physicians pay little attention to
HLA discrepancy between the graft and the first donor,
although the impact of this discrepancy on the outcome of
second HSCT is unclear. Recipient non-hematopoietic
gastrointestinal cells can express MHC class II, which is
critical for inducing experimental acute GvHD in cases of
minor histocompatibility antigen (mHAg) MM."*" In con-
trast, hematopoietic antigen presenting cells (APCs), espe-
cially dendritic cells, induce MHC class I-dependent acute
GvHD in mHAg MM cases.” Furthermore, in the MHC
MM setting, hematopoietic APCs play an important role
in the induction of both MHC class I- and II-dependent
acute GVHD."*"® As hematopoietic APCs are of first donor
origin, HLA discrepancy between the graft and the first
donor may be related to transplant-related immunological
responses of the second HSCT.

To elucidate the biological effects of HLA discrepancy
between the graft and the first donor that impact the out-
come of the second HSCT, we compared the effects of
HLA-MM between the graft and the first donor to those
between the graft and the host in 646 patients receiving a
second HSCT after an initial HLA-MM transplantation.

Methods

Study population

Patients who were at least 16 years of age with acute myeloge-
nous leukemia (AML), acute lymphoblastic leukemia (ALL),
myelodysplastic syndrome (MDS), chronic myelogenous
leukemia (CML), malignant lymphoma (ML), or other malignant
hematologic disease, and who received a second HSCT after an
initial HLA-MM transplantation, were included in this study.
Furthermore, patients must have received first and second allo-
geneic HSCTs between 1994 and 2016, with full HLA-A, -B, and
-DRB1 allele data. Hematopoietic stem cell transplantation recipi-
ent clinical data were collected by the Japan Society for
Hematopoietic Cell Transplantation JSHCT) and the Japanese
Data Center for Hematopoietic Cell Transplantation JDCHCT)
using the Transplant Registry Unified Management Program
(TRUMP).17-19 We excluded individuals who: 1) first received
HLA-matched HSCT; 2) received a second HSCT within 30 days
after the first HSCT, in a planned manner or due to
rejection/engraftment failure; 3) died within 30 days and lacked
data on survival status and survival date; 4) lacked accurate allele

data; or 5) received more than two HSCTs. The final study popu-
lation consisted of 646 patients. The study was approved by the
Data Management Committee of TRUMP and the Institutional
Review Board of Okayama University.

Study end points

The outcomes assessed included acute GvHD, chronic GvHD,
neutrophil engraftment, transplant-related mortality (TRM),
relapse, and overall survival (OS). Acute and chronic GVHD were
diagnosed and graded using the standard criteria.*””" Neutrophil
engraftment was considered to have occurred when the absolute
neutrophil count was = 0.5x10° cells/L for 3 consecutive days.
Death from any cause was the event of interest in determining
OS. TRM was defined as death during remission.

Statistical analysis

Descriptive statistics were generated for patients' characteris-
tics. Differences in characteristics between groups were evaluated
by the % test and analysis of variance. The probability of OS was
estimated according to the Kaplan-Meier method, and groups
were compared using the log rank test. Subsequently, the proba-
bilities of relapse, TRM, and acute and chronic GvHD were esti-
mated on the basis of cumulative incidence curves.” Competing
events were death without relapse for relapse, relapse for TRM,
death without engraftment for engraftment, and death without
GvHD for acute or chronic GvHD. The groups were compared
using Gray’s test.

To evaluate the impact of HLA discrepancy on transplant out-
comes, we estimated the hazard ratios (HRs) or subhazard ratios
(SHRs) and 95% confidence intervals (Cls) adjusted for potential
confounders. The Cox proportional hazards model was used to
evaluate the impact on OS, whereas multivariable competing-
risks regression was used to evaluate the impact on the other end
points. Several potential confounders considered in the multivari-
able analyses were provided in the Online Supplementary Appendix.

In all analyses, P<0.05 was considered statistically significant.
All statistical analyses are performed with Stata (v.15,0; Stata
Corp., College Station, TX, USA) and EZR software (Saitama
Medical Center, Jichi Medical University, Japan).”®

Results

Patients' and transplantation characteristics

A total of 646 patients who received a second HSCT
after an initial HLA-MM transplantation were analyzed.
Patients' and transplantation characteristics are presented
in Table 1. With respect to the HLA discrepancy in the
graft-versus-host direction (graft vs. host), HLA matching
was categorized as follows: HLA -A, -B, -DRB1 match (0
MM, n=85), MM at one allele (1 MM, n=160), or mis-
match at more than one allele (22 MM, n=401). With
regard to HLA discrepancy in the graft-versus-first donor
direction (graft vs. first donor), the second HSCT was cat-
egorized as follows: HLA -A, -B, -DRB1 match (0 MM,
n=72), mismatch at one allele (1 MM, n=100), or mis-
match at more than one allele (22 MM, n=474). In the
graft-versus-host comparison, the =2 MM group received
cord blood more frequently (0 MM, 20.0%; 1 MM, 21.3%;
=2 MM, 60.2%, P<0.001), were more likely to use a
reduced-intensity conditioning regimen (0 MM, 56.5%; 1
MM, 66.3%; =2 MM, 70.7%, P=0.012), and had a higher
rate of in vivo T-cell depletion (0 MM, 10.6%; 1 MM,
18.1%; =2 MM, 25.4%, P=0.003). The interval between
the first and second HSCT was shorter in this group (<12
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Table 1. Patients’ and donor characteristics.

HLA mismatch for graft-versus-host HLA mismatch for graft-versus-first donor
Match 1 allele =2 allele Match 1 allele =2 allele
(N=85) mismatch mismatch (N=72) mismattch mismatch
(N=160) (N=401) (N=100) (N=474)
(%) N (%) N (%) () N () N (%)
Recipient age, years
Median 43 4 42 0.138 42 44 42 0.240
(range) (18-73) (16-69) (16-70) (18-69) (16-73) (16-71)
HLA mismatch
Aallele 0 0.0 24 15.0 276 67.3 0 00 23 230 339 715
B allele 0 0.0 35 219 350 854 0 00 26 260 429 90.5
DR allele 0 0.0 101 63.1 340 82.9 0 00 51 510 427 90.1
Recipient gender (%)
Male 47 55.3 96 60.0 229 55.9 0.740 47 65.3 59 59 266 56.1 0.326
Female 38 4.7 64 40.0 172 42.0 25 4T 4 4 208 439
Donor/recipient gender
Match 45 52.9 79 494 168 41.0 0.183 32 44 49 490 211 4.5 0.852
Male to Female 23 21.1 30 18.8 78 19.0 17 236 19 190 95 20.0
Female to Male 15 17.6 37 23.1 106 25.9 20 218 21 210 117 24.7
Unknown 2 24 14 8.8 49 12.0 3 42 11 110 51 10.8
Diagnosis
Acute myeloid leukemia 45 52.9 89 55.6 254 62.0 0.049 38 528 56 560 294 62.0 0.556
Acute lymphoblastic leukemia 15 17.6 30 18.8 81 19.8 12 16720 200 94 19.8
Chronic myeloid leukemia 6 7.1 4 2.5 9 22 4 5.6 4 4.0 11 2.3
Myelodysplastic syndrome 6 7.1 15 94 20 49 6 8.3 8 8.0 27 5.7
Malignant lymphoma 10 11.8 11 6.9 22 54 6 8.3 7 7.0 30 6.3
Others 3 3.5 11 6.9 15 3.7 6 8.3 5 5.0 18 3.8
Disease risk at transplant
Standard risk 31 36.5 51 319 110 26.8 0200 24 383 34 340 134 283 0.406
High risk 54 63.5 109 68.1 291 71.0 48 66.7 66 660 340 71.7
Stem cell source
Bone marrow 37 435 52 32.5 8 19.0 <0.001 66 9.7 8 8.0 16 34 0.001
Peripheral blood 18 212 14 8.8 149 363 13 181 26 260 142 30.0
Cord blood 17 20.0 34 213 247 60.2 6 83 49 490 243 513
Conditioning regimen
Myeloablative 37 43.5 54 33.8 111 211 0012 26 361 4 40 132 218 0.004
Reduced intensity 48 56.5 106 66.3 290 70.7 46 639 56 560 342 72.2
GvHD prophylaxis
Cyclosporine based 22 25.9 27 16.9 74 18.0 0228 17 236 25 250 81 171 0.088
Tacrolimus based 63 74.1 131 81.9 322 785 52 2 T 140 390 82.3
Others 0 0.0 2 1.3 5 1.2 3 42 1 1.0 3 0.6
In vivo T-cell depletion
Yes 9 10.6 29 18.1 104 254 0.003 6 83 13 130 123 25.9 <0.001
No 76 89.4 131 81.9 297 724 66 9.7 87 810 351 74.1
Year of transplant
1994-2010 30 353 55 344 118 288 0372 27 35 41 410 135 285 0.025
2011-2016 55 64.7 105 65.6 283 69.0 45 625 59 590 339 715
Interval between first and second SCT
<12 months 29 34.1 71 444 206 50.2 0.008 23 319 38 380 245 51.7 0.029
>12-23 months 23 211 45 28.1 106 25.9 19 264 28 280 127 26.8
=24 months 27 31.8 37 23.1 67 16.3 18 250 21 210 86 18.1
Missing 6 7.1 7 44 22 54 12 167 7 7.0 16 34
Interval between first SCT and first relapse
<12 months 34 40.0 67 419 175 2.7 0793 29 403 35 3.0 212 4.7 0217
=2-12 months 32 37.6 57 35.6 145 354 23 39 42 40 166 35.0
=12 months 8 94 18 113 32 78 10 139 7 7.0 41 8.6
Missing 11 12.9 18 11.3 52 12.7 10 139 16 16.0 55 11.6
N: number; GvHD: graft-versus-host disease; SCT: stem cell transplantation.
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HLA mismatch for graft-versus-host
Match 1 allele
mismatch
(N=160)

(N=85)

Grades III to IV acute GyHD

Table 2. Effect of HLA allele mismatch on acute graft-versus-host disease (GvHD), chronic GvHD and engraftment in multivariate analyses.

HLA mismatch for graft-versus-first donor
Match 1 allele =2 allele
(N=72) mismatch mismatch

(N=100) (N=474)

=2 allele
mismatch
(N=401)

(0.62-1.06, P=0.126)

(0.56-1.05, P=0.097)

SHR' (95%CI) 1 (ref) 1.88 1.84 1 (ref) 0.84 0.91
(0.79-4.45, P=0.163) (0.75-4.51, P=0.182) (0.35-2.02, P=0.669)  (0.43-1.93, P=0.800)

Chronic GyHD

SHR" (95%CI) 1 (ref) 1.45 1.20 1 (ref) 0.98 0.91
(0.84-2.50, P=0.181) (0.60-2.38, P=0.605) (0.55-1.76, P=0.956)  (0.54-1.51, P=0.702)

Neutrophil engraftment

SHR* (95%CI) 1 (ref) 0.81 0.77 1 (ref) 1.06 1.23

(0.75-148, P=0.753)  (0.92-1.66, P=0.167)

ratios.

months: 0 MM, 34.1%; 1 MM, 44.4%; = 2 MM, 50.2%,
P=0.008). With regard to graft-versus-first donor compari-
son, the 22 MM group showed a similar trend to that for
the graft-versus-host group comparison. The 22 MM group
required more cord blood (P=0.001), used a reduced-inten-
sity conditioning regimen (P=0.004), and had greater in
vivo T-cell depletion (P<0.001) and a shorter interval
between the first and second HSCT (P=0.029).

Acute graft-versus-host disease, chronic

graft-versus-host disease, and engraftment

With regard to the graft-versus-host results, the unadjust-
ed cumulative incidence rates of grade III-IV acute GvHD
at 100 days post transplantation were 9.5% (95%CI: 4.4-
17.0%) in the 0 MM group, 18.8% (95%Cl: 9.0-19.7 %) in
the 1 MM group, and 11.0% (95%CI: 8.2-14.3%) in the =2
MM group (Figure 1). In multivariate analysis, the 1 MM
group (SHR, 1.88; 95%CI: 0.79-4.45; P=0.163) and =2 MM
group (SHR, 1.84; 95%CI: 0.75-4.51; P=0.182) tended to
have higher risk of grade III-IV acute GVHD compared to
the 0 MM group, although the results were not statistical-
ly significant (Table 2). With regard to affected organ, the
risk of skin, gut and liver acute GvHD increased among
the 1 MM group and 22MM group compared to the 0 MM
group (Table 3). There was no statistically significant dif-
ference in risk of chronic GvHD among the groups in
multivariate analysis. The cumulative incidence rate of
neutrophil engraftment at day 50 was 94.0% (95%CI:
85.6-97.6%) in the 0 MM group, 96.9% (95%CI: 92.3-
98.7%) in the 1 MM group, and 91.0% (95%CI: 87.7-
93.4%) in the =2 MM group. In multivariate analysis, the
=2 MM group tended to show delayed engraftment com-
pared to the 0 MM group (SHR, 0.77; 95%CI: 0.56-1.05;
P=0.097).

With regard to the graft-versus-first donor results, there
were no significant differences in the risk of grade III-IV
acute GvHD, chronic GvHD, or neutrophil engraftment
among the groups in multivariate analysis (Table 2).

Next, the association of each HLA allele MM with

- haematologica | 2019; 104(5)

'Adjusted for recipient age at transplant (continuous), recipient gender,gender mismatch (match, male to female, female to male,unknown), diagnosis (acute myeloid leukemia,
acute lymphoblastic leukemia, chronic myeloid leukemia, myelodysplastic syndrome, malignant lymphoma or others), disease risk at transplant (standard or high), stem cell
source (bone marrow, peripheral blood, cord blood), conditioning regimen (myeloablative or reduced intensity), graft-versus-host disease (GvHD) prophylaxis (cyclosporine
based, tacrolimus based, others), in vivo T-cell depletion (Yes,No),year of transplant (1994-2010,2011-2016), interval between first and second stem cell transplantation (SCT)
(<12 months,=12-23 months, =24 months, missing) and interval between first SCT and relapse (<2 months,=2-12 months, =12 months, missing). SHR: subdistribution hazard

GvHD was evaluated (Online Supplementary Table S1).
With regard to graft-versus-host, B allele MM was associ-
ated with an increased risk of grade III-IV acute GVHD in
multivariate analysis (SHR, 2.87; 95%CI: 1.42-5.79;
P=0.003), and DR allele MM was associated with delayed
neutrophil engraftment (SHR, 0.80; 95%CI: 0.67-0.95,
P=0.011); no such associations were found for the other
MM types. With regard to the graft-versus-first donor
results, no HLA allele MM showed an association with
grade III-IV acute GvHD, chronic GvHD, or neutrophil
engraftment in multivariate analysis.

Transplant-related mortality, relapse, and overall

survival

With regard to the graft-versus-host results, the unadjust-
ed cumulative incidence rates of TRM and relapse at 5
years post transplantation were 19.8% (95%CI: 11.8-
29.2%) and 55.6% (95%Cl: 43.9-65.7%) in the 0 MM
group, 32.5% (95%CI:25.2-39.9%) and 45.2% (95%CI:
37.3-52.8%) in the 1 MM group, and 34.7 % (95%CI: 30.0-
39.4%) and 46.8% (95%CI: 41.8-51.7%) in the =2 MM
group, respectively (Figures 2 and 3). Multivariate analysis
indicated that the risk of TRM was marginally higher in
the 1 MM group (SHR, 1.67; 95%CI: 0.94-2.98; P=0.081),
and significantly higher in the =2 MM group (SHR, 1.90;
95%CI: 1.04-3.50; P=0.038), versus the 0 MM group. In
contrast, the risk of relapse was slightly lower in both the
1 MM group (SHR, 073; 95%CI: 0.50-1.07; P=0.110) and
the =2 MM group (SHR, 068; 95%CI: 0.44-1.06; P=0.086).
Consequently, no significant differences in OS were found
among the three groups in multivariate analyses (Table 4).
Analysis of each HLA allele MM revealed that only HLA
DR allele MM was significantly associated with a lower
risk of relapse (SHR, 0.75; 95%CI: 0.58-0.95; P=0.018) and
a higher risk of TRM (SHR, 1.44; 95%CI: 1.03-2.00;
P=0.038) (Online Supplementary Table S2). The main causes
of TRM differed among the three groups. The rates of
interstitial pneumonia, TMA, and especially acute GvHD
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Figure 1. The unadjusted cumulative incidence of grades Ill to IV acute
graft-versus-host disease (GvHD) by HLA mismatch (MM) for graft. With regard
to the graft-versus-host results, the unadjusted cumulative incidence rates of
grade IV acute GvHD were 9.5% (95%Cl: 4.4-17.0%) in the O MM group,
13.8% (95%Cl: 9.0%-19.7%) in the 1 MM group, and 11.0% (95%Cl: 8.2%-
14.3%) in the > 2 MM group.

(0 MM, 0.0%; 1 MM, 11.8%; =2 MM 10.9%) were
increased in the 1 MM group and the =2 MM group
(Online Supplementary Table S3). With regard to the
graft-versus-first donor outcomes, there were no signifi-
cant differences in TRM, relapse, or OS among the three
groups (Table 4). In addition, no allele MM was associated
with relapse, TRM, or OS in the analysis of each HLA
allele MM (Online Supplementary Table S2).

Analyses by stem cell sources

Finally, we performed analyses according to stem cell
source (Online Supplementary Tables S4 and 5). We did not
observe any obvious statistically heterogeneity among
stem cell sources. However, the small sample size for
some categories partially precluded evaluation of signifi-
cance.

Discussion

There have been several studies on the role of donor
change in the outcome of second HSCT; however, these
studies were performed mainly in HLA-matched or 1 Ag-
MM cases and focused on procedures in which a second
HSCT from the same donor was performed.”” In this
study, we evaluated the role of HLA discrepancy between
the graft and host and between the graft and the first
donor on the outcome of second HSCT after HLA-MM
initial HSCT. On evaluating 646 recipients of a second
HSCT, it was found that graft-host HLA-match was asso-
ciated with a reduced rate of TRM compared to HLA-
MM, while HLA discrepancy between the graft and the
first donor had no impact on the outcome of second
HSCT.

In the largest retrospective analysis performed to date
(n=1285 patients) to compare the incidence of GvHD in
the same cohort, the incidence rate of grade II-IV acute
GvHD in first HSCT was 26% versus 46% in second
HSCT* In our study, the incidence of grade II-IV and

Figure 2. The unadjusted cumulative incidence of relapse by HLA mismatch
(MM) for graft-versus-host. With regard to the graft-versus-host results, the
unadjusted cumulative incidence rates of relapse were 55.6% (95%Cl: 43.9-
65.7%) in the O MM group, 45.2% (95%Cl: 37.3-52.8%) in the 1 MM group, and
46.8% (95%Cl: 41.8-51.7%) in the = 2 MM group.
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Figure 3. The unadjusted cumulative incidence of transplant-related mortality
(TRM) by HLA mismatch (MM) for graft-versus-host. With regard to the graft-ver-
sus-host results, the unadjusted cumulative incidence rates of treatment-relat-
ed mortality TRM were 19.8% (95%Cl: 11.8-29.2%) in the O MM group, 32.5%
(95%Cl: 25.2-39.9%) in the 1 MM group, and 34.7% (95%Cl: 30.0-39.4%) in the
=2 MM group.

grade III-IV acute GvHD for first HSCT was 36.4% and
9.0% versus 34.2% and 11.2%, respectively, for second
HSCT. Due to the higher rate of GvHD for second HSCT,
prevention of acute GvHD represents an important, and as
yet unmet, medical need.

Experimental murine studies reported that hematopoi-
etic APCs play an important role in the induction of acute
GvHD in an MHC MM setting."”'¢

In the present study, HLA-MM between the graft and
first donor was not associated with an increased risk of
acute GVHD in HSCT recipients having hematopoietic

haematologica | 2019; 104(5) -
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® Table 3. Effect of HLA allele mismatch on Grades lll to IV acute graft-versus-host disease (GvHD) by affected organ.
HLA mismatch for graft-versus-host
Match (N=85) 1 allele mismatch (N=160) =2 allele mismatch (N=401)

Skin GvHD

SHRI1 (95%CI) 1 (ref) 2.49 (0.87-7.13, P=0.088) 2.94 (0.94-9.19, P=0.063)
Gut GvHD

SHRI1 (95%CI) 1 (ref) 3.33 (0.90-12.3, P=0.072) 3.14 (0.82-12.0, P=0.094)
Liver GVHD

SHRI1 (95%CI) 1 (ref) 2.16 (0.53-8.85, P=0.283) 3.24 (0.73-14.4, P=0.122)

'Adjusted for recipient age at transplant (continuous), recipient gender,gender mismatch (match, male to female, female to male,unknown), diagnosis (acute myeloid leukemia,
acute lymphoblastic leukemia, chronic myeloid leukemia, myelodysplastic syndrome, malignant lymphoma or others), disease risk at transplant (standard or high), stem cell
source (bone marrow, peripheral blood, cord blood), conditioning regimen (myeloablative or reduced intensity), graft-versus-host disease (GvHD) prophylaxis (cyclosporine
based, tacrolimus based, others), in vivo T-cell depletion (Yes,No),year of transplant (1994-2010,2011-2016), interval between first and second stem cell transplantation (SCT)
(<12 months, =12-23 months, =24 months, missing) and interval between first SCT and relapse (<2 months,=2-12 months, =12 months, missing). SHR: subdistribution hazard
ratios.

Table 4. Effect of HLA allele mismatch on transplant-related mortality, relapse and overall survival in multivariate analyses.
HLA mismatch for graft-versus-host HLA mismatch for graft-versus-first donor
Match 1 allele =2 allele Match 1 allele =2 allele
mismatch mismatch (N=72) mismatch mismatch
(N=160) (N=401) N=100) (N=4174)

(N=85)

Transplant-related mortality

SHR* (95%CI) 1 (ref) 1.67 1.90 1 (ref) 0.89 0.67
(0.94-2.98, P=0.081)  (1.04-3.50, P=0.038) (0.52-1.52, P=0.665)  (0.42-1.07, P=0.095)

Relapse

SHR* (95%CI) 1 (ref) 0.73 0.68 1 (ref) 1.18 141
(0.50-1.07, P=0.110)  (0.44-1.06, P=0.086) (0.72-1.95, P=0.516)  (0.89-2.22, P=0.143)

Overall survival

HR" (95%CI) 1 (ref) 1.00 1.21 1 (ref) 0.84 0.85

(0.72-141, P=0.952)  (0.84-1.73, P=0.313) (0.57-1.21, P=0.347)  (0.61-1.17, P=0.313)

*Bold denotes statistical significance. 'Adjusted for recipient age at transplant (continuous), recipient gender, gender mismatch (match, male to female, female to male,
unknown), diagnosis (acute myeloid leukemia, acute lymphoblastic leukemia, chronic myeloid leukemia, myelodysplastic syndrome, malignant lymphoma or others), disease
risk at transplant (standard or high),stem cell source (bone marrow, peripheral blood, cord blood), conditioning regimen (myeloablative or reduced intensity), graft-versus-host
disease (GvHD) prophylaxis (cyclosporine based, tacrolimus based, others), in vivo T-cell depletion (Yes, No), year of transplant (1994-2010, 2011-2016), interval between first
and second stem cell transplantation (SCT) (<12 months, 212-23 months, =24 months, missing) and interval between first SCT and relapse (<2 months, 22-12 months, =12

months, missing). SHR: subdistribution hazard ratios; HR: hazard ratios.

APCs originating from the first donor. The antigen-pre-
senting function of the first-donor hematopoietic cells
may be insufficiently strong to induce GVHD. An alterna-
tive explanation is that recipient hematopoietic APCs
have a limited capacity to induce acute GvHD, possibly
owing to their predisposition to induce donor T-cell
death." In contrast, HLA discrepancy between the graft
and host may impact the risk of acute GvHD during the
second transplant. In this study, HLA-MM between the
graft and host showed increased risk of grade III-IV acute
GvHD, although the results were not significant. In addi-
tion, B allele MM was significantly associated with an
increased risk of grade III-IV acute GvHD in the analysis
of each HLA allele mismatch [relative risk (RR) 2.87,
95%CI: 1.42-5.79; P=0.003]. Several experimental studies
showed that non-hematopoietic gastrointestinal cells are
able to express MHC class II and induce CD4*
T-cell-dependent acute GVHD."""" As the antigen-present-
ing function of epithelial cells is enhanced in the presence
of an inflammatory environment, epithelial cells after the
first HSCT could play a major role in inducing GvHD fol-
lowing second HSCT, although further studies are needed
to validate this.

The length of remission after first HSCT and the disease
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status at second HSCT, are two main independent prog-
nostic factors for predicting the outcome of a second
HSCT.*** Despite a significant increase in the proportion
of patients of advanced age, having an advanced disease
stage, and receiving alternative donor transplants, there
has been a continual decrease in TRM, reflecting the
impact of advances in supportive care and more wide-
spread use of reduced-intensity conditioning regimens.
However, the reduction in rate of TRM has been less obvi-
ous in patients following a second remission or refractory
disease.” Due to more advanced disease and accumulating
toxicity, second transplants are more problematic than
first transplants, and often result in an increase in TRM
and overall mortality rates. Attempted enhancement of
the GvT effect by switching donor may be affected by the
toxicity of the second HSCT. Reducing TRM remains one
of the most significant challenges in second HSCT. Our
analysis showed that HLA-MM between the graft and
first donor had no influence on GvHD, relapse, TRM, or
OS. In contrast, with regard to graft-versus-host, the risk of
TRM was significantly higher in the =2 MM group versus
the 0 MM group (RR, 1.90; 95%CI: 1.04-3.50; P=0.038).
Analysis of each HLA allele MM revealed that the DR
allele MM was significantly associated with a lower rate



of relapse versus the 0 MM group (RR, 0.75; 95%CI: 0.58-
0.95; P=0.018), but this was offset by a higher rate of TRM
(RR, 1.44; 95%CI: 1.03-2.00; P=0.033). Our data suggested
that use of an HLA-MM donor may induce a more potent
GvL effect, but also increases the allogeneic responses of
the second HSCT and provokes an increase in TRM
events. These effects tended to cancel each other out in
respect to OS.

This is the first study to focus on patients after initial
HLA-MM transplantation and identify risk factors for a
poor second HSCT outcome. However, several limitations
of the study should be mentioned. First, although this was
a relatively large-scale study on second transplant, the
sample size was still modest, and therefore further studies
with larger sample sizes are required. Second, it used a ret-
rospective design and included a heterogeneous patient
group. Moreover, the strategies of the different treatment
centers with respect to donor change are unknown, and
any heterogeneity in transplantation procedure, year of
transplant, and patients' characteristics may have biased
the results, although we attempted to reduce bias by
adjusting for these factors in multivariate analyses. Third,
we did not adjust for multiple comparisons and therefore
caution is required when interpreting the results, in partic-

ular those of the stratified analyses. In addition, HLA-C
typing and high-resolution DNA typing were either rarely,
or not routinely, performed on the donors. Finally, donor
chimerism was not systematically analyzed and cell sub-
set chimerism data were not available for most patients.

In conclusion, HLA-MM donor is an option after initial
HLA-MM transplantation. However, TRM remains a chal-
lenge, particularly with a =22 MM donor regarding
graft-versus-host. In this study, the biological effects of
HLA discrepancy between the graft and the first donor on
the outcome appeared negligible, and our findings shed
light on the role of non-hematopoietic APCs on trans-
plant-related immunological responses.
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