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Summary
Novel aspects of allogeneic stem cell transplantation 
(HSCT) technologies, like use of peripheral blood stem 
cells (PBSC), or usage of unrelated donors signifi cantly 
change the risk factors of graft -versus-host disease. Little 
is known, whether novel prophylaxis regimens also alter 
the risk factor pattern. In this study we evaluated risk fac-
tors of grade II-IV acute GVHD, and moderate or severe 
(NIH) chronic GVHD in the cohort of 199/344 related/
unrelated patients subjected to conventional prophylax-
is with calcineurin inhibitor plus methotrexate/myco-
phenolate mofetil (MMF) ± antithymocyte globuline. 
Another cohort included 104/365 recipients of related/
unrelated graft s with either single-agent posttransplant 
cyclophosphamide (PTCy), or its combination with tac-
rolimus and MMF, respectively. We have observed that, 
for the conventional prophylaxis, the signifi cant factors 
for acute GVHD were unrelated donor (HR 1.86, 95%CI 
1.11-3.19, p=0.0219), salvage disease status at trans-
plant (HR 0.50, 95%CI 0.30-0.79), use of RIC (HR 0.58, 
95%CI 0.40-0.85), older age (HR 0.0442, 95%CI 0.96-
0.99), higher BMI (HR 0.97, 95%CI 0.97-1.00) and ear-
ly engraft ment (HR 1.55, 95%CI 1.08-2.22). For PTCy 

prophylaxis, cytomegalovirus serostatus was the only 
signifi cant factor (HR 0.71, 95%CI 0.54-0.95, p=0.0251). 
Th e risk factors of moderate and severe chronic GVHD 
aft er conventional prophylaxis were PBSC graft  (HR 
2.26, 95%CI 1.28-4.11) and previous acute GVHD (HR 
3.76, 95%CI 2.32-6.37), while no signifi cant factors were 
identifi ed for the PTCy prophylaxis. A weak association 
was found with previous acute GVHD (HR 1.59, 95%CI 
0.99-2.54). In conclusion, we have identifi ed the dif-
ferent pattern of GVHD risk factors with conventional 
prophylaxis and PTCy in related and unrelated donors. 
Further studies are required to identify the mechanisms 
behind these observations.   
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Introduction
Graft -versus-host disease (GVHD) is one the most 
life-threatening complications in allogeneic stem cell trans-
plantation (HSCT). With more the 40000 transplants per 
year, more than 10 thousand patients have this complication 
[1, 2]. Clinically signifi cant forms of GVHD occur in 20-
50% of HSCT recipients, and it is associated with signifi cant 
mortality and morbidity reaching 30% in severe cases [3, 4]. 
Only a few large studies have been published with analysis of 
GVHD risk factors. 

Flowers et al. in the cohort of 2941 related and unrelated graft  
recipients has demonstrated that unrelated donor, HLA mis-
match, female donor in male recipient and donor age were 
the risk factors for both acute and chronic GVHD, while in-
tensity of the conditioning was a predictor of acute GVHD, 
whereas patient age and peripheral blood stem cell (PBSC) 
graft ing were the predictors of the chronic GVHD. Also 
GVHD was less frequent in CML than in acute leukemia. 
Th e GVHD prophylaxis with antithymocyte immunoglob-
ulin (ATG) did not reach statistical signifi cance [5]. High 
cellularity of the graft  and high prevalence of CD3-positive 
cells in the graft  was another predictor of acute GVHD with 
conventional prophylaxis, especially in PBSC recipients [6]. 
In another large study, the use of PBSC compared to bone 
marrow (BM) was the risk factor for both acute and chronic 
GVHD [7]. 

Th e Center for International Blood and Marrow Transplant 
Research (CIBMTR) study with data from 226 centers has 
identifi ed total body irradiation PBSC, ethnicity, poor per-
formance study and positive cytomegalovirus status of donor 
and recipient as the signifi cant risk factors of acute GVHD 
[7]. Th e study also showed that ABO incompatibility was not 
a signifi cant factor, and the incidence of GVHD in CML is 
higher probably due to transplantation techniques. 

Th e abovementioned studies were conducted relatively 
long ago, and were based on population of patients receiv-
ing predominantly cyclosporine and methotrexate (MTX) 
as prophylaxis, and ATG in unrelated donors. However, 
transplantation technologies have signifi cantly evolved over 
time. Novel prophylaxis regimens have been introduced, 
like mTOR inhibitors [8], posttransplant cyclophosphamide 
(PTCy) [9], TCR alpha/beta cell depletion [10]. No studies 
have been published on risk factors of GVHD with these 
novel approaches. In the present study, we searched for risk 
factors in two large cohorts of patients, one with conven-
tional prophylaxis based on calcineurin inhibitors (CNIs) 
with MTX/mycophenolate mofetil (MMF) and other, with 
PTCy prophylaxis. Th e purpose of this study was to evaluate 
whether GVHD prophylaxis does change the pattern of risk 
factors. 

Patients and methods 
One thousand thirteen adult patients transplanted at the 
First State I. Pavlov Medical University from 2006 to 2017 
were included into the study. All the patients were graft ed 
either from matched related donor (32%) or unrelated donor 
(68%). In this group, 470 patients received prophylaxis with 

PTCy, and 543 were subjected to conventional prophylaxis 
(Table 1). Only patients who successfully engraft ed were in-
cluded in the analysis. 

GVHD prophylaxis under conventional regimen included 
tacrolimus with target concentration of 5 to 15 ng/ml, start-
ing from day-1 until day+120, or cyclosporine A with target 
concentrations of 150 to 350 ng/ml, starting from day-1 until 
day+120. Th e second agent was either MMF 30 mg/kg (day 
-1 to day+30), or methotrexate 15 mg/m2 (day+1, 10 mg/m2; 
day +3, 6). Th e recipients of unrelated graft s did also receive 
ATG (ATGAM, Pfi zer, Inc.), at 20 mg/kg from day -3 un-
til day -1. In the PTCy group, the prophylaxis consisted of 
single-agent cyclophosphamide (50 mg/kg) on days +3,+4 
for matched related or unrelated bone marrow. In recipients 
of PBSCs, we used cyclophosphamide (50 mg/kg) on days 
+3,+4 followed by tacrolimus and MMF (30mg/kg) starting 
on day +5. In the mismatched graft s, the dose of MMF was 
increased to 45 mg/kg. Myeloablative conditioning (MAC) 
in conventional prophylaxis group was performed with oral 
busulfan (16 mg/kg), and cyclophosphamide (120 mg/kg). 
In the PTCy group, the majority of patients received MAC 
containing fl udarabine 180 mg/m2 and busulfan 14 mg/kg.
Reduced-intensity conditioning (RIC) was performed with 
oral busulfan (8 mg/kg) and fl udarabine (180 mg/m2).
Minority of patients received conditioning with melphalan 
(140 mg/m2) and fl udarabine (150 mg/m2. RIC was per-
formed in patients, who were either older than 40 years, had 
HSCT-specifi c co-morbidity index (HCT-CI)≥2, or exhibit-
ed, at least, grade 3 hepatotoxicity during the induction ther-
apy. Supportive care did not diff er for the two prophylaxis 
arms.

Statistical analysis
Th e Consensus Conference criteria were used for acute 
GVHD grading [11] and National Institutes of Health cri-
teria were used for chronic GVHD grading [12]. Diagnosis 
of skin GVHD was established either clinically or histolog-
ically, the diagnosis of liver GVHD was assessed clinically, 
whereas gastrointestinal GVHD was specifi ed by patholog-
ical examination. Incidence of acute and chronic GVHD 
was evaluated with cumulative incidence estimates. Time 
frame for acute GVHD was 125 days, for chronic GVHD, 
2 years. Evaluation of risk factors was performed by means 
of Gray test. Early discontinuation of immunosuppression 
due to relapse or minimal residual disease was considered a 
competing risk for aGVHD. Donor lymphocyte infusion was 
considered a competing risk for cGVHD. Multivariate eval-
uation and analysis of continuous variables were done using 
Fine and Grey regression. Th e variables were selected for the 
multivariate analysis in case of signifi cance <0.15 obtained 
in the univariate mode. Th e cutoff  levels for continuous var-
iables were determined in ROC analysis with maximal sum 
of sensitivity and specifi city as a criterion. Th e analyses were 
conducted in SAS 9.3 (SAS Institute, Inc.).

Results
Th e conventional prophylaxis group comprised 199 recipi-
ents of matched related graft s and 344 subjects were trans-
planted from unrelated donors. Th e PTCy group consisted of 
104 matched related transplants, and 27 matched unrelated 
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Table 1. Patients’ characteristics in the study group

Parameter Percent of patients (total N=1013)

Gender
Males
Females

53.35%
46.65%

Age, median years (min-max) 32 (18-70)

Matched related donor (MRD)
Unrelated donor (MUD/MMUD)

31.85%
68.15%

HLA mismatched 18.10%

Diagnosis
AML 
ALL
CML 
HL 
MDS 
АА 
NHL 
MF 
MPN 
CLL 
Other diagnosis

42.81%
24.75%
10.65%
6.31%
5.82%
3.55%
2.28%
0.69%
1.48%
1.08%
0.40%

Conditioning regimen
 MAC 
RIC 

28.71%
71.19%

Salvage recipients 24.48%

Engrafted 91.38%

Calcineurin/mTOR inhibitors
No
Cyclosporine A
Tacrolimus
Sirolimus

15.15%
21.36%
63.49%
1.98%

Second agent in prophylaxis
MTX
MMF

32.50%
51.54%

ATG 35.06%

PTCy 46.35%

Mean CD34+ in the graft, *10^6/kg 4.95±2.33

AML= acute myeloblastic leukemia; ALL =acute lymphoblastic leukemia; CML= chronic myeloid leukemia; HL= Hodgkin 
lymphoma; MDS= myelodysplastic syndrome; АА=aplastic anemia; NHL=non-Hodgkin lymphoma MF=myelofi brosis; MP-
N=myeloproliferative neoplasm; CLL=chronic lymphoid leukemia; MAC=myeloablative regimen; RIC =reduced-intensity con-
ditioning.

HSCTs, with single-agent PTCy prophylaxis. 338 patients 
received combined prophylaxis with PTCy, tacrolimus and 
MMF. Among the evaluated patients, 93.4% has engraft ed. 
Among the engraft ed patients, 436 received PTCy prophy-
laxis and 485, conventional GVHD prophylaxis, with a fi ve-
year survival of 47%. Incidence of acute GVHD in the whole 
group was 43.9%. Of them, 18.6% had grade I; 9.8%, grade II; 
12.6%, grade III, and 3% had grade IV GVHD. Th e incidence 
of chronic GVHD was 31.6%, including 12.6% with mild; 

9%, moderate degree, and 10% showed severe GVHD ac-
cording to NIH criteria. Th e most common organs involved 
in chronic GVHD were skin, mucosa, eyes, gastrointestinal 
tract (GIT) and liver (Fig. 1). Incidence of acute GVHD in 
the PTCy group was 35%; grade II-IV acute GVHD, 15%; 
chronic GVHD, 29%. Moderate and severe chronic GVHD 
was registered in 18% of the cases. Similar incidence rates 
(resp., 53%, 35%, 35% and 30%) were noted for conventional 
prophylaxis. 
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Figure 1. The incidence and severity of acute (A) and chronic GVHD (B). The incidence of organ involvement is calcu-
lated only for the patients who developed GVHD

Figure 2. Risk factors of acute GVHD grade II-IV after conventional prophylaxis (A) and posttransplant cyclophospha-
mide (B). Number of CD34+ cells in the graft, age and BMI are continuous variables, all the others are logistic 
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HR 95%CI P Value

2.102
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Figure 3. Risk factors for moderate and severe chronic GVHD with conventional prophylaxis (A) and posttransplan-
tation cyclophosphamide (B)

For the conventional prophylaxis group, the following fac-
tors were revealed in the univariate analysis with signifi cance 
>0.15 for acute GVHD grade II-IV development: unrelated 
donor (p<0.0001), salvage group (p=0.0014), number of 
HSCT (p=0.1064), ABO incompatibility (p=0.0709), cy-
tomegalovirus (CMV) serostatus (p=0.1487), graft  source 
(p=0.0004 conditioning intensity (p=0.0003), alkylating 
agents in the conditioning (0.1377), age of the recipient 
(0.0002), CD34 cell number in the graft  (p<0.0001), engraft -
ment time (p<0.0001), diagnosis (p=0.0379), body mass 
index (BMI) (p=0.0220). Th ese parameters were included 
into the multivariate model where only unrelated donor (HR 
1.86, 95%CI 1.11-3.19, p=0.0219), salvage disease status at 
transplant (HR 0.50, 95%CI 0.30-0.79), use of RIC (HR 0.58, 
95%CI 0.40-0.85), older age (HR 0.0442, 95%CI 0.96-0.99), 
higher BMI (HR 0.97, 95%CI 0.97-1.00) and engraft ment 
before day +15 (HR 1.55, 95%CI 1.08-2.22) signifi cantly af-
fected the incidence of acute GVHD grade II-IV (Figure 2A). 
Th e BMI cut-off  value was 28 kg/m2 indicating that obese 
patients had less acute GVHD. Despite common risk factor 
of graft  source, the fast engraft ment was more signifi cant 
than the graft  source factor (p=0.48), despite the fact that 
fast engraft ment occurred more oft en in the PBSC recipients
(32% vs 17%, p<0.0001).

In the univariate analysis of PTCy group, only unrelat-
ed donor (p=0.0170), HLA matching (p=0.0347), number 
of HSCT (p=0.0592), recipient gender (p=0.0592), CMV 
serostatus (p=0.0592), female donor for male recipient 
(p=0.0706), time of engraft ment (p=0.0037), and time from 

diagnosis to transplant were shown to be signifi cant factors 
(p<0.0001). Since the recipient gender was signifi cant be-
cause of female-male combination, only that factor was in-
cluded in the multivariate analysis. Also in ROC analysis, the 
cut-off  for engraft ment time was diff erent: 20 days instead of 
15. Th ese parameters were added to the multivariate model 
where CMV serostatus was the only signifi cant factor (HR 
0.71, 95%CI 0.54-0.95, p=0.0251). Th e highest incidence was 
in the -/- pair of donor / recipient (32%), lower in the +/- pair 
(20%) and the lowest in the CMV-positive recipients (13% 
with +/+ pair vs 15% with -/+ pair). 

Th e univariate analysis in conventional prophylaxis group 
revealed unrelated donor (p=0.0002), salvage group 
(p=0.0635), cytomegalovirus serostatus (p=0.0248), graft  
source (p<0.0001), age (p=0.1360), number of CD34 cells 
in the graft  (p=0.0047), engraft ment at <15 days (p=0.0013), 
time from diagnosis to transplantation (p=0.1151), diagno-
sis (p=0.0205) and previous acute GVHD (p<.0001) as sig-
nifi cant factors for moderate and severe chronic GVHD. In 
the PTCy group, the univariate analysis revealed unrelated 
donor (p=0.0980), donor gender (p=0.0138), graft  source 
(p=0.0805), male recipient with female donor (p=0.1082), 
number of CD34+ cells in the graft  (p=0.0272), time to en-
graft ment (p=0.0302) and previous acute GVHD (p=0.0929), 
as predisposing factors for chronic GVHD.  In the multi-
variate model with conventional GVHD prophylaxis, only 
PBSC graft  (HR 2.26, 95%CI 1.28-4.11) and previous acute 
GVHD (HR 3.76, 95%CI 2.32-6.37) were signifi cant risk fac-
tors for moderate and severe chronic GVHD (Figure 3A).

Variable

Unrelated donor vs related

Previous acute GVHD

PBSC vs BM

CD34+ cells in the gra�

Female donor for male recipient

Salvage vs standard risk

CMV serostatus

PBSC vs BM

RIC vs MAC

Age

Engra�ment before day 15

CD34+ cells in the gra�

Diagnosis

Previous acute GVHD

A

Hazard Ra�o 95% CI and P value

Variable

B

Hazard Ra�o 95% CI and P value

HR 95%CI P Value

0.677

0.635

0.976

2.264

0.817

0.994

0.936

1.012

0.899

3.755

0.2277

0.1623

0.8447

0.0139

0.3935

0.4706

0.7701

0.7995

0.0662

<,0001

(0.382-1.223)

(0.327-1.127)

(0.781-1.241)

(1.275-4.109)

(0.52-1.302)

(0.976-1.011)

(0.601-1.434)

(0.919-1.103)

(0.795-1.006)

(2.321-6.374)

HR 95%CI P Value

1.587

0.903

0.902

1.581

0.0558

0.7347

0.1814

0.1088

(0.985-2.547)

(0.462-1.767)

(0.759-1.066)

(0.882-2.698)

0
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<-- Less GVHD ----   ---- More GVHD --->
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Modeling in the PTCy group demonstrated only a weak 
statistical signifi cance for previous acute GVHD (HR 1.59, 
95%CI 0.99-2.54), while all the other factors were non-sig-
nifi cant (Figure 3B).

Regarding mild acute GVHD (grade I-II) which is usual-
ly favorable for prognosis in the conventional prophylaxis 
group, only the CD34 cell dose increased the probability of 
this condition (HR 1.08, 95%CI 1.01-1.150, р=0.0133). Th e 
other variables were not signifi cantly diff erent. With PTCy 
prophylaxis, the unrelated donorship was associated with 
increased probability of grade I-II acute GVHD (HR 3.26, 
95%CI 1.26-8.39, p=0.0145). Also a combination of a fe-
male donor/ male recipient had week statistical signifi cance 
(HR 1.87, 0.94-3.72, p=0.0761). No predictors were deter-
mined for mild chronic GVHD in conventional prophylaxis 
patients, whereas, with PTCy, the CMV-positive recipient 
serostatus was protective against this condition (HR 0.675, 
0.496-0.918, p=0.0123). Mild chronic GVHD was lowest 
in +/+ CMV positive donor/ recipient (6%), being high-
est in -/+ (15%) and +/- (19%) combinations. In the both 
CMV-negative pairs, mild chronic GVHD rate was also sub-
stantial (14%).

Discussion
In this relatively large study, we have confi rmed that the nov-
el prophylaxis regimens may dramatically change the land-
scape of risk factors which was not demonstrated before. Pre-
vious registry studies mostly documented only evolutional 
changes in the risk factors due to other aspects of HSCT. In 
the era of only BM transplantation from matched siblings 
with cyclosporine and methotrexate as prophylaxis, the pre-
dominant risk factors were female donor for male recipient, 
pregnancy history and older recipient age [13]. Th e subse-
quent CIBMTR study identifi ed the risk factors of PBSC use, 
ethnicity, TBI versus busulfan-based conditioning, and pos-
itive CMV serostatus [7]. Aft er broad introduction of unre-
lated transplants, it became obvious that GVHD incidence is 
higher than aft er sibling transplants [14]. Additional risks of 
GVHD are associated with partial HLA mismatches [15] and 
non-HLA allele mismatches [16]. Furthermore, the donor 
age was also identifi ed as risk factor in unrelated HSCT [17]. 
Nonetheless the recent mathematical analysis indicates that 
the predictive potential of clinical parameters is relatively 
low [18]. Th us, the risk factors of GVHD were slowly evolv-
ing, due to implementation of novel cell sources and donor 
types. We, however, confi rm that the use of PTCy completely 
abolished the previously signifi cant risk factors. 

It has been previously published that HLA matching is not a 
signifi cant factor with PTCy prophylaxis [19], and this was 
confi rmed in the current study. Nonetheless, the diff erence 
between matched sibling and unrelated donor had a tenden-
cy to signifi cance, which was also confi rmed in our group of 
patients. What was not established earlier is the preventive 
role of CMV-positive serology in recipient, despite a weak 
statistical trend in the EBMT study [20]. Th e probable rea-
son for that is diff erent prevalence of CMV seropositivity in 
Russia, Europe and the USA. In Russia, the CMV seroprev-
alence is above 85% [21, 22, 23]. Th e CMV seropositivity is 
unlikely to represent the reason for diff erences, but, rather, 

it may be a consequence of changes in immune system that, 
probably, led to decreased GVHD incidence. It was demon-
strated that CMV causes expansion of T-regulatory cells [24] 
and upregulation of IL-33 pathway, which protects against 
lethal GVHD in animal models [25, 26]. Th e signifi cance of 
this factor with no such evidence for conventional prophy-
laxis [7] indicates the presence of diff erent immunological 
mechanisms behind PTCy prophylaxis that still should be 
elucidated. 

Th e risk factors identifi ed for moderate and severe chronic 
GVHD with conventional prophylaxis were similar to the 
ones previously reported [27, 28]. Th e history of severe acute 
GVHD was the most predominant risk factor. However, no 
risk factors were identifi ed for PTCy, probably due to low 
incidence of this complication and low incidence of preced-
ing acute GVHD in the study cohort. Contrary to this data, 
the European Registry Study defi ned recipient age, use of 
PBSC and combination prophylaxis as the risk factors [20]. 
Th e diff erences might be due to diff erent PTCy schedule 
(day +3, +5), use of cyclosporine instead of tacrolimus, dura-
tion of immunosuppression [29]. Th e absence of diff erences 
between PBSC and BM is explained by single-agent PTCy 
prophylaxis in the matched bone marrow group and combi-
nation with tacrolimus and MMF in the PBSC group, which 
alleviated the diff erences. 

In conclusion, this study identifi ed the changing pattern of 
GVHD risk factors with introduction of novel prophylax-
is regimens in related and unrelated HSCT graft s. Further 
studies are required to elucidate the biological mechanisms 
behind these changes. 
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Резюме
Изменения технологии аллогенной трансплантации 
гемопоэтических стволовых клеток (алло-ТГСК), 
например, внедрение заготовки периферических 
стволовых клеток крови (СКПК) и транспланта-
ция от неродственного донора привели к значимым 
изменениям факторов риска реакции «трансплан-
тат против хозяина» (РТПХ). В настоящий момент 
ограничено число публикаций, оценивавших влия-
ние новых режимов профилактики РТПХ на  фак-
торы риска этого осложнения. Было проведено ис-
следование на двух когортах  пациентов. В первую, с 
классической профилактикой РТПХ вошло 199/344 
родственных и неродственных трансплантаций, 
соответственно, с профилактикой ингибиторами 
кальциневрина с метотрексатом/ММФ±атитимо-
цитарный глобулином. Во вторую когорту пациен-
тов вошли 104/365 родственных и неродственных 
трансплантаций, соответственно, с профилакти-

кой посттрансплантационным циклофосфаном 
(ПТЦф) в качестве монотерапии или в комбинации 
с такролимусом и ММФ. При классической профи-
лактике значимыми оказались трансплантация от 
неродственного донора (HR 1.86, 95%CI 1.11-3.19, 
p=0.0219), принадлежность к группе спасения (HR 
0.50, 95%CI 0.30-0.79), использование режимов кон-
диционирования со сниженной токсичностью (HR 
0.58, 95%CI 0.40-0.85), пожилой возраст (HR 0.0442, 
95%CI 0.96-0.99), высокий ИМТ (HR 0.97, 95%CI 
0.97-1.00) и раннее приживление (HR 1.55, 95%CI 
1.08-2.22). Для ПТЦф единственным значимым 
фактором оказался цитомегаловирусный сероста-
тус донора и реципиента (HR 0.71, 95%CI 0.54-0.95, 
p=0.0251). Для хронической РТПХ средней и тяже-
лой степени при классической профилактике вы-
явлены следующие факторы риска: использование 
СКПК (HR 2.26, 95%CI 1.28-4.11) и наличие предше-
ствовавшей острой РТПХ (HR 3.76, 95%CI 2.32-6.37). 
Для профилактики с ПТЦф ни одного значимого 
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фактора риска не выявлено. Слабую статистиче-
скую взаимосвязь демонстрировал анамнез острой 
РТПХ (HR 1.59, 95%CI 0.99-2.54). В заключении, 
исследование продемонстрировало значимые раз-
личия в факторах риска РТПХ между классической 
профилактикой и профилактикой на основе ПТЦф. 
Требуются дальнейшие исследования для изучения 
биологических основ этих различий.   
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