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We identified risk factors for acute and chronic graft-versus-host disease (aGVHD and cGVHD, respectively) in
recipients after hematopoietic stem cell transplantation (HSCT) from unrelated donors in the China Marrow
Donor Program (CMDP).

We analyzed follow-up clinical information from 1824 patients who underwent HSCT between 2001 and 2010.
The incidence of aGVHD and cGVHD after transplantation was 49.29% and 27.3%, respectively. aGVHD inci-
dence decreased as HLA matching increased (p<0.001). Incidence of aGVHD and cGVHD was higher in 2 HLA-A
locus donor/recipient groups (02: 01/02: 06 and 02: 01/02: 07; p<0.022). aGVHD incidence was associated
with patient age, absence of rabbit anti-thymocyte globulin (ATG) pretreatment, and disease status (p<0.040).
aGVHD appeared to be a risk factor for cGVHD, and total body irradiation (TBI) was also associated with cGVHD.
Patients with cGVHD after transplantation had a higher survival rate than patients without cGVHD (p<0.001),
which may be due to reduced relapse rates. Survival was also associated with ATG prophylaxis and disease
status.

The incidence of GVHD after HSCT from unrelated donors in the Chinese population is similar to the results re-
ported from other countries. A high degree of HLA matching, a conditioning regimen without TBI, and the use
of ATG may reduce the incidence of aGVHD.
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Background

Peripheral blood stem cell transplantation (PBSCT) from un-
related donors has become an important therapeutic tool for
patients with blood diseases, especially hematologic malig-
nancies. Improved treatment efficacy as a result of the de-
velopment of human leukocyte antigen (HLA) matching tech-
niques and higher numbers of unrelated donors have led to its
increased use [1], with an almost 3-fold increase in the last de-
cade [2]. Peripheral blood grafts have many advantages [1,3].
As compared to bone marrow grafts, peripheral blood grafts
have higher levels of CD34+ cells and faster hematopoietic re-
constitution after transplantation, reducing early transplant-
related mortality. In addition, anesthesia and surgery can be
avoided, the number of blood transfusions is lower, and hos-
pital stays are shorter.

Despite these advantages, most patients develop varying grades
of graft-versus-host disease (GVHD) after transplantation as
a result of the delivery of a large number of immunocompe-
tent mature T cells, which interact with patient’s antigen-pre-
senting cells, resulting in a massive release of cytokines that
may further amplify the immune reaction [4,5], leading to tis-
sue and organ damage by donor T lymphocytes. Although pro-
phylactic immunosuppression is always used, GVHD remains
the main cause of treatment-related deaths and is one of the
most significant factors affecting treatment efficacy for those
undergoing PBSCT from unrelated donors [6].

GVHD is divided into 2 categories according to the time of
onset: acute GVHD (aGVHD) and chronic GVHD (cGVHD), with
aGVHD was defined as occurring within 100 days following
transplantation [7]. However, with the development of periph-
eral blood stem cell transplantation, the American Society of
Hematology reclassified GVHD in 2012 according to the time
of occurrence, pathogenesis, and clinical manifestations [7].
In this classification, aGVHD that occurs after 100 days is clas-
sified as delayed aGVHD, and c¢GVHD that occurs within 100
days, along with possible aGVHD symptoms, is classified as
overlap syndrome.

Although the specific factors that lead to GVHD are not clear,
the degree of HLA matching between donors and recipients
[8,9], differences in sex between donor-recipient pairs [8,10],
the conditioning regimen, GVHD prophylaxis, and cytomegalo-
virus (CMV) infection may be associated with GVHD. The pres-
ent retrospective analysis aimed to investigate the risk factors
associated with aGVHD and c¢GVHD, including sex, age, degree
of human leukocyte antigen (HLA) matching, CD34+ cell dose,
mononuclear cell (MNC) dose, conditioning regimen, and GVHD
prophylaxis, in patients undergoing hematopoietic stem cell
transplantation (HSCT) from unrelated donors in the China
Marrow Donor Program (CMDP). This is the first large-scale,
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multicenter analysis of the factors associated with GVHD in
China through the CMDP. Identification of factors associated
with GVHD will enable earlier prophylactic treatment for pa-
tients at increased risk.

Material and Methods

Study participants

This retrospective study analyzed the clinical follow-up infor-
mation from patients that received HSCT from unrelated do-
nors between 2001 and 2010 using a database maintained
by the China Marrow Donor Program. After duplicate and in-
complete data were eliminated, 1824 cases were analyzed.
Follow-up was completed in March 2013, with a median fol-
low-up time of 620 days. The shortest follow-up time was 12
days, and the longest follow-up time was 2771 days. Patient
informed consent was waived due to the characteristics of a
retrospective study.

Disease diagnosis and status before transplantation

The diagnostic criteria of GVHD used in present study includ-
ed the Seattle Gluckaberg criteria and the International Bone
Marrow Transplant Registry (IBMTR) severity index [11].

Pretreatment disease status was defined as follows. Status |
included complete remission (first time) (CR1), chronic phase-
phase one (CP1), and myelodysplastic syndrome (MDS), in-
cluding refractory anemia (RA), refractory anemia with ring
sideroblasts (RARS), refractory cytopenia with multilineage
dysplasia (RCMD), refractory cytopenia with multilineage dys-
plasia and ringed sideroblasts (RCMD-RS), and myelodysplas-
tic syndrome-unclassified (MDS-U). Status Il included complete
remission (second time) (CR2), accelerated phase (AP), chron-
ic phase-phase 2 (CP2), partial remission (PR), and myelodys-
plastic syndrome (MDS), including MDS RAEB | and RAEB II.
Status Ill included no remission (NR), blastic crisis (BC), >CR3
(greater than or equal to 3 times that of complete remission),
and MDS treatment-related acute myeloid leukemia (tAML).

HSCT protocol

Donors were given granulocyte colony-stimulating factor (G-CSF)
at a dosage of 10 pg/kg/d to mobilize peripheral blood stem
cells, and the peripheral blood cells were collected at 5 and 6
days following mobilization, as previously described [12]. For
the transplantation, the mononuclear cell (MNC) median dose
was 6.6x108 cells/kg and the CD34+ cell median dose was
4.36x10° cells/kg [13].
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Table 1. Incidence and occurrence time of GVHD (N=1824).

Total incidence 899 (49.3%) 498 (27.3%)

At <100 days 863 124
At >100 days 2 350
Undefined occurrence time 34 24

| 381/390
"""""""" e et
"""""""" wo - om0
"""""""" v ez
"""""""" Undefined o em

Extensive stage = 299
Limited stage - 145
Undefined = 54

* One subject died at the transplantation date.
Conditioning regimen and GVHD prophylaxis protocols

The conditioning regimen included total body irradiation (TBI)
at a dose of 5 Gy administered 2 times for 268 (19.2%) pa-
tients. Furthermore, 83.9% of the patients received myeloab-
lative conditioning (MAC) while the remaining 16.1% received
reduced-intensity conditioning (RIC). For those 898 (64.5%) pa-
tients receiving GVHD prophylaxis, treatment included rabbit
anti-(human) thymocyte globulin (ATG) for 2.5 mg/kg/d for 3
or 4 days, the total dose was 7.5-10 mg/Kg.

Statistical analysis

General data and demographic and clinical data are summa-
rized as meanzstandard deviation (SD) with range (minimum
to maximum) for age, median with range (minimum to max-
imum) for time-related data, and n(%) for categorical data.
Demographic and clinical data and were analyzed by 2-sam-
ple t tests for continuous data with normal distribution, Mann-
Whitney tests for continuous data without normal distribu-
tion, Pearson chi-square or Fisher’s exact tests for categorical
data, and log-rank tests for survival time. Moreover, a univar-
iate Cox regression model was used to identify the associa-
tion of GVHD occurrence and overall survival (OS) with mis-
match of HLA loci. A multivariate Cox regression model was
used to identify the association of GVHD occurrence and OS
with multiple variables that had a significant association in

univariate analysis. Results are shown as hazard rates (HRs)
with corresponding 95% confidence intervals (95% Cl) and p
values. Additionally, for the survival time, the estimated mean
survival time with 95%Cl was determined by disease status for
a given disease diagnosis and compared using log-rank tests.
Kaplan-Meier survival curves were also used to determine the
cumulative survival rate by disease status for a given disease
diagnosis. All statistical assessments were 2-tailed and con-
sidered significant for p values <0.05. All statistical analyses
were carried out with IBM SPSS statistical software version
22 for Windows (IBM Corp., New York, NY).

Results

Incidence and occurrence of GVHD

A total of 1824 patients who underwent HSCT using stem cells
from unrelated donors between 2001 and 2010 were analyzed.
The median leukocyte engraftment time was 13 days, and the
median platelet engraftment time was 14 days. The primary
graft failure rate was 1.8%.

As shown in Table 1, the incidence of aGVHD was 49.3%
(899/1824); cGVHD occurred in 27.3% (498/1824) of the pa-
tients. aGVHD occurrence was at 24 days (range, 0 to 128 days),
and most patients (863/899) developed aGVHD within 100 days
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after transplantation, irrespective of grade. In contrast, cGVHD
occurred at 150 days (range, 1 to 1645 day). Of the 498 patients
with cGVHD, 299 were diagnosed with extensive cGVHD, and
145 patients had the limited stage (Table 1). The sites of aGVHD
and cGVHD are all summarized in Supplementary Table 1.

Donor and patient characteristics

The donor and patient demographic and clinical data are shown
in Table 2. The mean age of the donors was 30.83 years (range,
18 to 52 years); it was 27.38 years (range, 1 to 76 years) for
the patients. The 3 most frequent disease diagnoses were
acute myeloid leukemia (AML), acute lymphoblastic leukemia
(ALL), and chronic myeloid leukemia (CML) (31.5%, 25.9%, and
25.1%, respectively). Before the transplantation, 76.1% of the
patients had CR1, CP, and MDS.

To prevent GVHD, ATG therapy was administered to 64.5%
of the patients; 19.2% of patients were treated with TBI. In
the HSCT, 81.9% of patients received >5x108/kg MNCs and
90.4% received >2x10°/kg CD34+cells (Table 2). Regarding
HLA matching, 757 patients had a full match, 934 patients
had mismatched types (9/10-5/10), and 133 had undefined
(missing) matched type.

Univariate analysis of factors associated with GVHD

Univariate analysis to identify donors and patient characteristics
associated with GVHD revealed that aGVHD might be associat-
ed with patient age, pre-transplant disease status, HLA match-
ing type, ATG therapy, TBI pre-managed therapy, and survival
time (all p<0.05; Table 2). In contrast, cGVHD was associated
with donor and patient sex, diagnostic results, ATG therapy, TBI
pre-managed therapy, and survival time (all p<0.05; Table 2).

Association between HLA loci matching with GVHD

Univariate analysis to compare the association between aGVHD,
high-grade aGVHD, cGVHD, and OS with HLA loci matching, was
next undertaken (Table 3). The occurrence of aGVHD was asso-
ciated with HLA loci mismatch at A02: 01-A02: 06 and A02: 01-
A02: 07 as compared to the fully matched type (A02: 01-A02:
06: HR=1.667, 95%Cl=[1.08 to 2.57], p=0.021; A02: 01-A02: 07:
HR=2.19, 95%Cl=[1.39 to 3.44], p=0.001). However, no associa-
tions were observed with high-grade aGVHD (Table 3). Similarly,
c¢GVHD was associated with HLA loci mismatch at A02: 01-A02:
06 and A02: 01-A02: 07 as compared to the full-matched type
(A02: 01-A02: 06: HR=1.78, 95%Cl=[1.09 to 2.94], p=0.022; A02:
01-A02: 07: HR=2.31, 95%Cl=[1.34 to 3.98], p=0.003; Table 3).

Multivariate analysis to examine the factors associated with
aGVHD and cGVHD was next carried out using variables with
significant association in the univariate analysis. aGVHD was
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associated with patients with HLA loci in A site (donor — pa-
tients: A02: 01-A02: 06; HR=1.94), decreased patient age
(HR=0.99), absence of ATG prophylaxis (HR=1.69), and pre-
transplant disease status (status Il: CR2, AP, CP2, PR, MDS
[RAEB-I, RAEB-II], HR=1.52; status Ill: NR, BC, >CR3, MDS
[tAML], HR=1.67) (all p<0.040; Table 4). cGVHD was associ-
ated with HLA loci in A site (donor — patients: A02: 01-A02:
06, HR=2.29; A201-A207, HR=2.69), TBI therapy conditioning
regimen (HR=1.48), and the presence of aGVHD (HR=1.72) (all
p<0.039; Table 4).

Analysis of factors associated with 0S

In the present study, 439 patients died during the follow-
up period, and the overall survival (0S) time was a median
of 365 days (range, 0 day to 7.7 y). One patient died on the
day of transplantation (Table 2). The mortality rate by disease
status for an AML, ALL, CML, and MDS diagnosis is shown in
Figure 1. For patients with AML, ALL, and CML, the mortality
rates were highest with stage Il disease. Indeed, disease sta-
tus was associated with the survival times of patients with
AML, ALL, CML, and MDS (all p<0.05; Supplementary Table 2).
The survival times by disease status for a given disease diag-
nosis were also analyzed by Kaplan-Meier survival curve anal-
ysis (Figure 2).

Although univariate analysis found no association between HLA
loci matching and OS, an association with other DR site sta-
tus was observed (p=0.036; Table 3). Subsequent multivariate
analysis using variables associated with aGVHD and cGVHD in
univariate analysis showed that pre-transplant disease status
Il (including NR, BC, >CR3, MDS [tAML], HR=2.50), aGVHD level
llI-IV (HR= 3.18), and relapse (HR=5.92) were associated with
reduced OS (both p<0.001; Table 4). Furthermore, ATG thera-
py (HR=0.55) and cGVHD (HR=0.36) were associated with pro-
longed survival time (both p<0.003; Table 4). However, the re-
lapsed rate was higher for patients without cGVHD than those
with ¢cGVHD (10.5% vs. 7.2%, p=0.036; Table 2).

Analysis of OS by aGVHD level revealed that HLA loci mis-
matching at A02: 01-A02: 07 (HR=6.76), pretreatment with
ATG (HR=0.39), pre-transplant disease status Il (HR=2.89),
cGVHD (HR=0.19), and relapse (HR=12.64) were all associat-
ed with the survival time in patients with aGVHD levels I-1I (all
p<0.036; Supplementary Table 3). In patients with aGVHD lev-
els llI-1V, OS was associated with patient age (HR=1.05) and
relapse (HR=16.43) (both p<0.046; Supplementary Table 3).

Event-free survival and time to relapse
Of the 1617 patients with known survival status, the trans-

plant-related mortality rate was 22.9% (371/1617) with a me-
dian time to event-free survival (EFS) of 88.8 months (95% Cl,
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Table 2. Donor and patient demographics and clinical data by acute and chronic GVHD (N=1824).

Parameters (n=1824) Non-aGVHD Non-cGVHD
(n=899) (n=925) (n=498) (n=1326)
Donor’s age, mean +SD 30.83+6.47 31.04+6.50 30.64+6.45 0.198 30.80+6.40 30.84+6.51 0.975
(range, min. to max.) (18 to 52) (18 to 52) (19 to 50) (18 to 50) (18 to 52)
 patients'age, mean D 273841185 267051154 280541210 . 27361179 27391187
(range, min. to max.) (1to 76) (1 to 69) (1 to 76) (1to 76) (1 to 69)
 sed DonorPatienty 0099  ooa
"""" Malevs Male 707 (71) 342(475) 365(467) 195 @7e) 512(469)
"""" Malevs Female  383(255) 170 (236 21372 84(05) 29974
"""" Femalevs Female 148 (99) 66 (©2) 821105 51024 97 89)
"""" Femalevs Male  264(176) 142(197) 122(56)  80(195) 184 (168
 Diagnosticresuts 051 oo
"""" AWML a76(315) 220(90) 256 (341) 12697 350623
"""" AL 391(59) 205(70) 186248  107(52) 284262
"""" e 3790s) 21077 169(25)  130(B07) 249 (229)
"""" Mmoo 776D 3@y 4367 136D e 69
"""" mos 70 (46 29 G 41 655 16 38 54 GO
"""" NWL 50 (33 s0 33 28 67 17 @40 3B GO
"""" WAL 1309 9042 409 409 908
"""" w709 203 s0n 205 5@
"""" oM. 302 203 10) 20 101
"""" aa 20D 10D 10) o © 203
"""" Other ;@) 2563 16@)  7Q07) 34@6)
 pretiansplant disease status ~ oo0* 0778
"""" Status|  969(61) 477 (32  492(92) 285074 68456
"""" Stawsl  191(50) 105061 86038 52041 139 (54
"""" Stawsi 113 89) 70107 43 69 31 (84 8 01
 WAmatchingtype ot 0347
"""" 010 757@48) 320(91) 437 (01)  191(409) 566 (462
"""" 910  s91(49) 303(70) 288(330)  174(73) 417641
"""" 810  246(45 140071 1060121  70(150) 176 (144)
"""" Mo 81 @8 45 (5 3% @) 26 (5§ 55 @45
"""" 610 1308 o an 4 05 5@y 8 @)
"""" s10 302 1 @) 2 02 10) 203
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Table 2 cotinued. Donor and patient demographics and clinical data by acute and chronic GVHD (N=1824).

Parameters (n=1824) Non-aGVHD Non-cGVHD
(n=899) (n=925) (n=498) (n=1326)

Conditioning regimens, TBI <0.001* 0.011*
"""" ® 2680192 1690250 99138  90@38 178178
"""" ©  1125(08 508(750) 617(862)  291(764) 834824
"""" @ gos(eas) 388(73) 510012  226(s93)  672(664)
"""" ©  ao5(s5) 289427 206088 1550407 340336
S MNCdese oss7 0063
"""" Gxl0g 281081 41077 140085 91QL) 190 (70)
"""" 5-10x10Kg  1058(68.3) 547 (688) 511(677)  277(638)  781(00)
"""" sl0x10%kg  211(136) 107(135) 104(138 660152 145(130)
C3scelidose o7se 0743
"""" C10Kg 143 96) 74 8 6 93 38 92 105 07)
"""" >210Kg  1353(904) 669 (90.2) 684 (907) 377908 976 (003)
CRelape 0490 003
"""" Ys 175 96 & (@1 93001 36 (. 139005
"""" No  1649(004) 817 (909) 832(899) 462 (928 1187895
"""" Aive  1385(759) 655(729) 730 (789) 0002 406 815 979 (738
"""" Dead 439041 244Q71) 195QL) 92085 34762

Survival time, median days 365 365 365 0.030* 465 302 <0.001*

(range, min. to max.) (0to 2812) (7 to 2664) (0 to 2812) (7 to 2388) (0 to 2812)

There were 322 patients with undefined or missing data for donor/patient sex, 315 cases of undefined/missing diagnostic results, 551
cases of undefined/missing pre-transplant disease status, 133 cases of undefined/missing HLA matching, 431 cases of undefined/
missing TBI-ATG therapy, 274 cases of undefined/missing MNC number, 328 cases of undefined/missing CD34+ cell dose, and 207
cases of undefined/missing survival times.

2 Pre-transplant disease Status | included complete remission (first time) (CR1), chronic phase-phase one (CP1), and myelodysplastic
syndrome (MDS), including refractory anemia (RA), refractory anemia with ring sideroblasts (RARS), refractory cytopenia with
multilineage (RCMD), refractory cytopenia with multilineage dysplasia and ringed sideroblasts (RCMD-RS), and myelodysplastic
syndrome-unclassified (MDS-U). Status Il included complete remission (second time) (CR2), accelerated phase (AP), chronic phase-
phase two (CP2), partial remission (PR), and MDS (RAEB-I and RAEB-II). Status Ill included no remission (NR), blastic crisis (BC), >CR3
(greater than or equal to three times that of complete remission), and MDS treatment-related acute myeloid leukemia (tAML).

AML - acute myeloid leukemia; ALL — acute lymphoblastic leukemia; CML — chronic myeloid leukemia; AA — aplastic anemia;

MDS — myelodysplastic syndrome; NHL — non-Hodgkin’s lymphomas; ALL (Ph+) — acute lymphoblastic leukemia (with Ph chromosome);
HAL — hairy cell leukemia; MM — multiple myeloma; CMML — chronic myelomonocytic leukemia; CLL — chronic lymphoblastic leukemia;
TBI - total body irradiation; ATG — anti-thymocyte globulin; MNCs — mononuclear cells.

Categorical data were summarized as n (%).

p-values were derived via two-sample t-tests for continuous data with normal distribution, Mann-Whitney tests for continuous data
without normal distribution, Pearson Chi-square or Fisher’s exact tests for categorical data, and log-rank tests for survival time.

* p<0.05.
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Table 3. Associations HLA loci mismatch and aGVHD, high-grade aGVHD, cGVHD, and overall survival.

Matched site
(Donor-
Patient)

Others 260 <0.001* 41

(1.190-1.759)

High grade aGVHD

(0.528-1.196)

Overall survival

0.271 257 ) 0.368 249 ) 0.494

(0.864-1.484) (0.669-1.214)

HR — hazard ratio; 95%Cl — 95% confidence interval of HR. Results were presented as HR with corresponding 95%Cl and p-value

through univariate Cox-regression analysis. * p<0.05.

43.8-133.7 months; Figure 3). Log-rank tests showed that EFS
times were associated with aGVHD types (p=0.002; Figure 4A).
Kaplan-Meier curves showed that the EFS rates for patients with
aGVHD or in non-aGVHD were both >50%, and the estimated
mean EFS times were 60.0 months (95% Cl, 55.6-64.3 months)
and 69.6 months (95% Cl, 65.1-74.1 months) for patients with
aGVHD and non-aGVHD, respectively (Figure 4A). Log-rank tests
showed that the EFS times were also associated with the cGVHD
(p<0.001; Figure 4B). Kaplan-Meier curves showed that the es-
timated mean EFS times were 62.7 months (95% Cl, 58.2-67.3
months) and 62.1 months (95% Cl, 57.9-66.4 months) for pa-
tients with cGVHD and non-cGVHD, respectively (Figure 4B). The
relapse curves with respect to aGVHD (Figure 5A) and cGVHD

(Figure 5B) were also determined. The estimated mean time to
relapse was 80.4 months (95%Cl, 78.5-82.3 months). Although
the log-rank test showed the relapse time was associated with
cGVHD, it was not associated with aGVHD (cGVHD: 71.6 months
[95% Cl, 69-74.1 months] vs. 78.8 months [95% Cl, 76.4-81.2
months], p<0.001 and aGVHD: 77.1 months, [95% Cl, 74.7-79.5
months] vs. 79.4 months [95% Cl, 76.5-82.3 months], p=0.508).

Discussion

The development of HLA typing techniques makes it possible
to identify matched unrelated donors for patients who lack
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Table 4. Multivariate analysis to identify clinical characteristics associated with aGVHD, cGVHD, and overall survival.

Model | (aGVHD) Model Il (¢cGVHD) Model llI (Overall survival)
Variables

HR (95% CI) P-value HR (95% Cl) P-value HR (95% CI) P-value

Matched site — A
site (Donor—Patient)

,,,,,,,, rlywefdes) &0 o e 4 e v ]
oMLAs B iaaen OUF M agigmy O B iy 0
ROy & (0.85:; 1373 14) Ay AL (1.4125.36—95%1 10) 00028 1e (0.5914.1?635.;612) Dl
AL 15 ooy %2 1 osibaey O oamog O
T T S = S SN . =" B S
Others °6 (0.63;51?452) 0821 74 (o.sgfilss) 0659 36 (0.4;)2'3?61?360) 0360
Donor’s age, yrs 993 (0.9;;')?021) 0.923 993 (0.9;)(.)9—91?016) 0.524 993 (0.92(.3?85018) 0.425
Patients’ age, yrs 993 (0'9%?%?999) 0.040* 993 (0'991;1(1?019) 0.453 993 (0.991;')11?027) 0.178

1.094 0.889 1.386
Male vs. Male 230 (0.645, 1.858) 0.739 306 (0.506-1.564) 0.683 220 (0.587, 3.269) 0.457
0.998 0.601 0.923
Male vs. Female 117 (0570, 1.749) 0.995 147 (0.322-1.124) 0.111 110 (0.370, 2.304) 0.864
Female vs. Female 34 1 41 1 29 1
1.139 0.898 1.732
Female vs. Male 70 (0.625, 2.079) 0.670 94 (0.464-1.737) 0.749 73 (0.698, 4.302) 0.236
Conditioning

regimens, TBI

1.322 1.475 " 0.781
) 2 (0.968, 1.805) 0.079 116 (1.020-2.133) 0.039 % (0.478, 1.254) 0.306
-) 352 1 472 1 150 1
Pretreatment with
ATG
0.591 " 0.889 0.553 .
) 295 (0.446, 0.784) <0.001 394 (0.638-1.237) 0.484 282 (0.375, 0.817) 0.003
@) 156 1 194 1 150 1
CD34+ cell dose
<2x10°%/Kg 39 1 38 1
1.053 0.930
> 6
22x10%/Kg 412 (0.654, 1.693) 0.832 (0.485, 1.182) 0.826

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]




Yang F. et al.:
GVHD after hematopoietic stem cell transplantation
© Ann Transplant, 2017; 22: 384-401

Table 4 continued. Multivariate analysis to identify clinical characteristics associated with aGVHD, cGVHD, and overall survival.

Model | (aGVHD)
Variables

HR (95% CI)

P-value

Model Il (¢cGVHD) Model llI (Overall survival)

HR (95% CI) P-value HR (95% CI)

Pre-transplant
disease status?

Status | 350 1 336 1
1.520 N 1.268
Status Il 59 (1046 2209 0028 3 07162005 0415
1.671 2503
i 42 018* 4 .001*
Status (1.092, 2.557) 018 3 (1492 4108 90
aGVHD
1715 X
) 262 (4 o41-2371) 000!
S 326 1
aGVHD level
3.183 .
-1V 46 (1706 5643 <0001
0.753
-1l 155 0495 1157 0191
Q) 228 1
¢GVHD
0356 .
) 1200 (0224, 0566) <OO!
O 312 1
Relapse
5.916 N
Yes 54 (3.935, 8.894) <0.001
No 375 1

2 Pre-transplant disease status included Status I: complete remission (first time) (CR1), chronic phase-phase one (CP1), and
myelodysplastic syndrome (MDS), including refractory anemia (RA), refractory anemia with ring sideroblasts (RARS), refractory
cytopenia with multilineage (RCMD), refractory cytopenia with multilineage dysplasia and ringed sideroblasts (RCMD-RS), and
myelodysplastic syndrome-unclassified (MDS-U). Status Il included complete remission (second time) (CR2), accelerated phase (AP),
chronic phase-phase two (CP2), partial remission (PR), and MDS (RAEB-I and RAEB-II). Status Il included no remission (NR), blastic
crisis (BC), >CR3 (greater than or equal to three times that of complete remission), and MDS treatment-related acute myeloid leukemia

(tAML).

TBI — total body irradiation; ATG — anti-thymocyte globulin; HR — hazard ratio; 95%Cl — 95% confidence interval of HR.
Variables with significant association in univariate analysis were selected for multivariate analysis.
Results were presented as HR with corresponding 95%Cl and p-value through multivariate Cox-regression analysis.

* p<0.05.

related HLA-matched donors. However, a large proportion of
patients experience GVHD following HSCT, despite prophylac-
tic treatment. The present study was undertaken to identify
factors associated with GVHD following HSCT from unrelated
donors in the CMDP. aGVHD incidence decreased significantly
as HLA matching increased. In addition, aGVHD was associated
with patient age, absence of ATG pretreatment, and disease

status. cGVHD was associated with aGVHD and TBI. Survival
analysis revealed that patients with cGVHD after transplanta-
tion had a higher survival rate than patients without cGVHD,
which may be due to lower relapse rates. Survival was also as-
sociated with ATG prophylaxis and disease status.
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Figure 1. Proportion of patients who died at last follow-up by
disease status for a given diagnosis.

Post-transplantation outcomes are worse with HLA-C loci match
and DP1 site mismatch [14], and worse outcomes were noted
with HLA-A and DRB1 site mismatches as compared to B and
C site mismatches [15,16]. The degree of HLA loci matching is
associated with aGVHD [17]; as it increases, the incidence of
aGVHD significantly decreases [15,18,19]. Inferior outcomes
have also been noted regardless of HLA allele mismatch [20].
In an analysis by the China Marrow Donor Program that in-
cluded 1874 cases of HSCT from unrelated donors, mismatch
of the HLA-A, B, CW, and DRB1 alleles were significantly asso-
ciated with an increased risk of mortality and GVHD. A simi-
lar analysis of 2941 cases of allogeneic HSCT found that HLA
mismatch was associated with an increased risk of moder-
ate-to-high-grade aGVHD [21]. Similarly, HLA loci matching
status was significantly associated with a composite end-
point of GVHD-free/relapse-free survival [22]. Furthermore, in
Chinese patients, HLA-A, B, C locus mismatch was associat-
ed with lower OS and grade II-IV acute GVHD compared with
HLA-matched pairs [23]. Morishima et al. [24] also showed
that mismatch in the HLA-C alleles was a significant risk fac-
tor for cGVHD; mismatch between HLA-A2 alleles (donor 02:
01 with patient 02: 06) was associated with GVHD and nega-
tively impacted patient survival [25]. Similarly, in the present
study, aGVHD was significantly associated with the degree of
HLA matching. Furthermore, HLA loci mismatch at A02: 01-
A02: 06 was significantly associated with increased risk of
aGVHD and cGVHD; mismatch at A02: 01-A02: 07 was also
associated with cGVHD by multivariate analysis. Mismatch at
CW sites other than CW 304-702 and 702-304 was also asso-
ciated with aGVHD only. However, mismatch at the A, DR, and
CW loci were not associated with high-grade aGVHD. This is
in contrast to results reported by Kawase et al. [26], who ana-
lyzed 5210 donor/patient pairs and found that both the A and
CW loci mismatches were significantly correlated with high-
grade GVHD. This discrepancy may be due to ethnic differenc-
es or the small sample size in the present study. Nevertheless,
post-transplant cyclophosphamide may prevent GVHD despite
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HLA donor mismatch [27]. The influence of a HLA mismatch
site on post-transplantation GVHD is connected with the de-
gree of HLA allele mismatch, which leads to inconsistent HLA
matching conclusions. Thus, our results must be verified in
larger studies with more patients.

Previous studies have also shown that donor and patient age
and sex were associated with GVHD [8-10,28]. Specifically,
Punatar et al. [29] reported that cGVHD incidence was high-
er in male patients with female donors. In the present study,
univariate and multivariate analyses revealed that patient age
was significantly associated with aGVHD; patients with aGVHD
were significantly younger. This may be due to the strict age
limits applied in our study as opposed to general transplan-
tation, which resulted in a young patient cohort with a mean
age of 27.38+11.85 years. Furthermore, a greater proportion
of male patients with male donors had ¢cGVHD as compared
to female patients with female donors.

In addition to HLA matching, the conditioning regimen, includ-
ing myeloablative conditioning regimen (MAC) and the reduced-
intensity conditioning regimen (RIC) [30-35], is an important
factor dictating the success of HSCT. Although analysis from a
large multicenter registry showed no differences in outcomes
between RIC and MAC for those age <50 years, RIC was supe-
rior for adults >50 years [36]. RIC uses fludarabine and rab-
bit ATG to strengthen immune inhibition and lower the doses
of cytotoxic drugs and steroids [37], thereby reducing tissue
damage, inflammatory cytokine secretion, and, therefore, the
incidence of aGVHD. In the current study, the same immuno-
suppression strategy (CSA plus short-MTX and mycophenolate
mofetil) was used for GVHD prophylaxis in almost all cases.
The only difference was that rabbit ATG was used in some cas-
es to remove T lymphocytes in the grafts. Here, the absence of
ATG prophylaxis was associated with aGVHD, which is consis-
tent with a previous study of HSCT from Korea [38], in which
the incidence of grade II-IV aGVHD was reduced from 41.9%
to 25.0% with ATG. In addition, ATG may reduce the incidence
of moderate-to-high-grade/severe aGVHD [39,40] as well as
increase the 6-year OS [41]. ATG may also reduce the 5-year
non-relapse mortality following bone marrow transplantation
from unrelated donors (VIII) and I1I-IV aGVHD [41] when fluda-
rabine is used in the conditioning regimen. Finally, ATG pro-
phylaxis was associated with improved patient survival, es-
pecially in those with aGVHD levels I-Il, in the present study.

In addition to aGVHD, ATG can reduce the incidence of cGVHD
[26,37,42] as well as the occurrence of widespread ¢cGVHD
[41,43]. A cooperative study by multiple centers in Germany
further showed that ATG can significantly reduce the inci-
dence of cGVHD [44]. Although univariate analysis identified
that ATG prophylaxis was associated with reduced incidence
of cGVHD, multivariate analysis did not show this association,
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Figure 2. Kaplan-Meier survival curve by disease status for given disease diagnosis. AML (A), ALL (B), CML (C), MDS (D), NHL, HAL, MM,

CMML, CLL (E), and others (F).
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Figure 3. Kaplan-Meier curve of event-free survival (EFS) time of
patients (n=1617). The events included all transplant-
related deaths.

which may be due to lack of follow-up data. It is possible that
this discrepancy is due to the fact that the majority of cases
in this study used ATG to prevent aGVHD.

Previous studies have found that pretreatment regimens, in-
cluding TBI, are advantageous in highly malignant diseases,
especially in younger patients [40]. In patients with CML, TBI
significantly reduced the incidence of cGVHD (30% vs. 65%);
however, there is no significant difference in the incidence of
aGVHD and OS [45]. In contrast, TBI was associated with inci-
dence of aGVHD and cGVHD by univariate analysis in the pres-
ent study, and it continued to be associated with incidence
of cGVHD by multivariate analysis. Furthermore, although it

A

1.0+

08 non-aGVHD

ot e

0.6 aGVHD

0.4

Cummulative EFS rate (%)

0.2

+ Censored
0.0 — Log-rank test p-value=0.002

s B B B B S B S T

0 12 24 36 48 60 72 8 9%
Survival time (months)

ORIGINAL PAPER

appears to have a protective effect for 0S (HR=0.78), it was not
significant (p=0.306). These results are consistent with those
of Cahu et al. [46] in which a pretreatment regimen, including
TBI, increased the incidence of Grade II-IV aGVHD in T-ALL pa-
tients after 100 days, and the 5-year cumulative cGVHD (local-
ized and general) also increased. TBI-containing pretreatment
regimens also significantly improved OS and LFS in patients
<35 years of age [46]. This is also similar to an analysis that
included 2941 cases of allogeneic HSCT in which moderate-
to-medium aGVHD was associated with using a condition-
ing regimen that included TBI, which may be related to TBI-
mediated endothelial and epithelial cell injury. However, other
studies have shown that TBI is safe in patients with unrelated
donors [14]. Because Kornbilt et al. [47] showed that the ad-
dition of sirolimus to tacrolimus and mycophenolate mofetil
was associated with reduced incidence of GVHD, selection of
the conditioning regimen should consider patient age, type of
illness, disease status, and organ function.

Some studies have shown that different types of disease di-
agnoses at transplantation may lead to differences in the inci-
dences of post-transplant cGVHD. For example, aplastic anemia
(AA) and chronic myeloid leukemia (CML) have been associat-
ed with higher incidences of cGVHD. In this study, cGVHD in-
cidence was associated with diagnostic results; a greater pro-
portion of patients with cGVHD were diagnosed with CML. In
addition, aGVHD was found to be an important risk factor for
cGVHD, indicating that patients with aGVHD had high possi-
bility of developing cGVHD. Although Czerw et al. [44] showed
that CD34+ cell content was associated with increased GVHD
in an analysis of 203 adults, no such associations with either
aGVHD or cGVHD were observed in the present study.

0.8 —— ] )

L Y
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+ Censored
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—————————————
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Figure 4. Kaplan-Meier curve of event-free survival (EFS) time of patients by aGVHD status. The events included all transplant-related

deaths.
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Figure 5. Kaplan-Meier curve of relapse-free survival of patients by aGVHD (A) and cGVHD (B) status. The events included all cases
of relapse after transplantation. The estimated mean relapse time was 77.1 months (95% Cl, 74.7-79.5 months) and 79.4
months (95% Cl, (76.5-82.3 months) for the aGVHD and non-aGVHD groups, respectively (p=0.508). The estimated mean
relapse time was 71.6 (95% Cl, 69-74.1 months) and 78.8 months [95% Cl, 76.4—-81.2 months) for the cGVHD and non-

cGVHD groups (p<0.001).

Studies have shown that HLA mismatches may have a signif-
icant impact on the incidence of GVHD without altering pa-
tient survival [48]. Similarly, with the exception of DR sites
other than a full match or the DRB1 12: 02-12: 01 mismatch,
HLA loci matching was not associated with OS in the present
study. This is in agreement with previous studies that showed
similar survival rates for patients undergoing matched related
and unrelated, single-antigen mismatched unrelated, double
cord blood [49,50], and haploidentical relative procedures [51].
Given the association of the natural killer cell immunoglobu-
lin-like receptors with HLA class | ligands and patient surviv-
al and relapse [52], further studies will examine these hap-
lotypes with GVHD occurrence in patients undergoing HSCT.

In the present study, patients with cGVHD after transplantation
had a higher survival rate than patients without cGVHD. This
is similar to that reported by Punatar et al. [29] in which the
authors concluded that this observation may be due to lower
relapse rates in the cGVHD group versus those without cGVHD
(18% vs. 51%). Similarly, the cGVHD group had significantly
lower relapse rates as compared to those without cGVHD in
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the present study (7.2% vs. 10.5%, respectively), which may
account for the survival effects.

Conclusions

The degree of HLA matching, conditioning regimen, and ATG
prophylaxis may affect the incidence of aGVHD and cGVHD.
Thus, improvements in HLA matching, a non-TBI conditioning
regimen, and the use of ATG prophylaxis will likely reduce the
incidence of GVHD.
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Supplementary Tables

Supplementary Table 1. Sites of aGVHD and c¢GVHD.

Site aGVHD cGVHD
Skin 457 (25.1) 181 9.9)
7777777777 Gl tract ) 133 ) (7.3) ) ) —”
7777777777 Liver ) 32 ) (1.8) ) ) 39 ) (2.1
7777777777 Mouth ) —” ) ) 17 ) 0.9)
7777777777 Kidney ) —” ) ) 1 ”(0.05)
7777777777 Eye ) —” ) ) 4 ) 0.2)
7777777777 Lung ) —” ) ) 5 ) 0.3)
7777777777 Skin and Gl tract ) 104 ) (5.7) ) ) -
7777777777 Skin and Liver ) 24 ) (1.3) ) ) 40 ) (2.2)
7777777777 Skin, Mouth ) —” ) ) 1 ”(0.05)
7777777777 Skin, Muscle ) - ) ) 1 ”(0.05)
7777777777 Skin, Lung ) —” ) ) 1 ”(0.05)
7777777777 Mouth, Lung ) —” ) ) 2 ) 0.1)
7777777777 Mouth, Liver ) - ) ) 3 ”(0.15)
7777777777 Liver and Gl tract ) 14 ) (0.8) ) ) -
7777777777 Skin, liver, and Gltr;c't'""" ) 122 ) 6.7) ) ) -
7777777777 Mouth, Skin, Liver ) - ) ) 4 ) 0.2)
7777777777 Mouth, Skin, Eye ) —” ) ) 1 ”(0.05)
7777777777 Mouth, Liver, Eye ) - ) ) 1 ”(0.05)
7777777777 Mouth, Skin, Liver, Eye ) - ) ) 2 ) (0.1)
7777777777 Undefined ) 938 ”(51.4) ) ) 1521 7(783.39)

Data were summarized as n (%).
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Supplementary Table 2. Summary of the estimated survival times (months) for a given disease diagnosis.

5 :
Estimated mean 95% Confidence Interval of mean Log-rank

Diagnosis disease Disease status n q
survival time p-value

AML e
i 20715 14.240 27.190
Overall 59.255 51.126 67.383
I 43308 39.724 46.891 0.006
I 39.227 29.164 49.290
ALL
i 35.038 21.354 48.722
Overall 47.036 42.938 51.134
| 63.428 57.332 69.524 0.002
I 49.280 34.974 63.587
CML
i 26.065 15.074 37.056
Overall 60.911 55.404 66.417
| 767 767 767 n/a
AA ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Overall 767 767 767
| 11.799 3678 19.919 0.032
MDS I 24.046 20.895 27.198
Overall 21.898 18.580 25.217
| 27.086 19.379 34.792 0577
NHL HAL MM, CMML, ' B e e
clt Il 25711 23.488 27.934
Overall 27.806 20.867 34.745
| 30.252 17.663 42.841 0.008
others i 2.500 2,500 2.500
Overall 26.783 14.064 39.503

AML — acute myeloid leukemia; ALL — acute lymphoblastic leukemia; CML — chronic myeloid leukemia; AA — aplastic anemia;

MDS - myelodysplastic syndrome; NHL — non-Hodgkin’s lymphomas; ALL (Ph+) — acute lymphoblastic leukemia (with Ph chromosome);
HAL - hairy cell leukemia; MM — multiple myeloma; CMML — chronic myelomonocytic leukemia; CLL = chronic lymphoblastic leukemia;
TBI — total body irradiation; ATG — anti-thymocyte globulin; MNCs — mononuclear cells.
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Supplementary Table 3. Multivariate Cox-regression analysis of the association of mismatches and clinical characteristics on
aGVHD, cGVHD, and overall survival for given aGVHD level.

aGVHD (I-11) patients only aGVHD (I11-1V) patients only

Variables Model 11l (Overall survival) Model 11l (Overall survival)

HR (95%Cl) P-value HR (95%Cl) P-value

Matched site — A site

(Donor—Patient)

”””” Py matched 11
”””” A0201-A0206 1003 (02144707 0997 0289 (0023,365%) 0289
”””” A0201-A0207 6756 (1129,40425) 0036 na
”””” A0206-A0201 1470 (0159,13604) 0734 0776 (005810414) 0848
”””” A0207-A0201 1725 (0200,14901) 0620 4951 (0.233,105405) 0305
”””” A0207-A0206 0503 (0052,4833) 0552 0219 (00481010) 0052
”””” Others 1530 (0382,6130) 054 o
Donoragey 0966 (0910,1025) 0249 0983 (08851091) 0742
patientagey 0994 (0966,1023) o689 1054 (1001,1109 0046

Male vs. Male 0.685 (0.181, 2.590) 0.577 n/a
”””” Malevs Female 0362 (0079,1652) 018 a2
”””” Femalevs Female 1 1
”””” Femalevs.Male 0745 (0157,35%) o712 wa

+) 0.824 (0.292, 2.331) 0.716 0.390 (0.120, 1.313) 0.130
"""" O
Pretreatmentwith ATG
"""" @ 0391 (0169094  0028* 0712 (0229,221) 055
"""" O e

status®
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aGVHD (I-11) patients only aGVHD (I11-1V) patients only
Variables Model 11l (Overall survival) Model 11l (Overall survival)

Relapse

2 Pre-transplant disease status included Status I: complete remission (first time) (CR1), chronic phase-phase one (CP1), and
myelodysplastic syndrome (MDS), including refractory anemia (RA), refractory anemia with ring sideroblasts (RARS), refractory
cytopenia with multilineage (RCMD), refractory cytopenia with multilineage dysplasia and ringed sideroblasts (RCMD-RS), and
myelodysplastic syndrome-unclassified (MDS-U). Status Il included complete remission (second time) (CR2), accelerated phase (AP),
chronic phase-phase two (CP2), partial remission (PR), and MDS (RAEB-I and RAEB-II). Status Il included no remission (NR), blastic
crisis (BC), >CR3 (greater than or equal to three times that of complete remission), and MDS treatment-related acute myeloid leukemia
(tAML).

TBI — total body irradiation; ATG — anti-thymocyte globulin; HR — hazard ratio; 95%Cl — 95% confidence interval of HR.

Variables with significant association in univariate analysis were selected for the multivariate analysis.

Results were presented as HR with corresponding 95% Cl and p-values through multivariate Cox-regression analysis.

* p<0.05.
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