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Summary
A number of studies were published demonstrating effi  -
cacy of single-agent graft -versus-host disease prophylaxis 
(GVHD) with post-transplantation cyclophosphamide 
(saPTCy) in matched related bone marrow transplanta-
tions (BMT), however no comparisons were published so 
far between saPTCy and conventional GVHD prophylaxis 
based on calcineurin inhibitors (CNIs). In this study, 78 
patients graft ed with bone marrow from matched related 
donor (MRD) with saPTCy GVHD prophylaxis were com-
pared to 105 historical control patients also receiving bone 
marrow from MRD, but with tacrolimus/cyclosporine A 
and mycophenolate mofetil/methotrexate prophylaxis. 
Groups were comparable in pre-transplant characteristics 
of patients, except higher prevalence of salvage patients 
and acute lymphoblastic leukemia in CNIs cohort. PTCy 
was superior to CNIs in prevention of grade II-IV (HR 
0.239, 95% CI 0.099-0.58, p=0.002) and grade III-IV acute 
GVHD (HR 0.192, 95% CI 0.055-0.666, p=0.009), relapse 

(HR 0.519, 95% CI 0.297-0.893, p=0.023). No diff erence 
was observed for moderate and severe chronic GVHD (HR 
0.898, 95% CI 0.477-1.69, p=0.74) and non-relapse mortali-
ty (HR 0.384, 95% CI 0.089-1.437, p=0.1768). Patients aft er 
saPTCy had improved overall survival (HR 0.489, 95% CI 
0.261-0.917, p=0.03), event-free-survival (HR 0.571, 95% 
CI 0.334-0.976, p=0.04) and GVHD-relapse-free survival 
(HR 0.493, 95% CI 0.309-0.786, p=0.003). Th e toxicity of 
BMT was generally comparable, except lower incidence of 
nephrotoxicity (33% vs 43%, p=0.008) aft er PTCy, but with 
higher incidence of grade 3-4 mucositis in this group (41% 
vs 34%, p=0.02). Despite limitations of single-center ret-
rospective design, this study demonstrated superiority of 
saPTCy vs CNI-based prophylaxis, but these results should 
be confi rmed in prospective randomized trials.

Keywords
Bone marrow transplantation, graft -versus-host disease, 
post-transplantation cyclophosphamide, prophylaxis. 

Dr. Ivan S. Moiseev, PhD, Deputy Director for Research, 
R.Gorbacheva Memorial Research of Children Hematology, 
Oncology and Transplantation, Th e First St. Petersburg State
I. Pavlov Medical University, L.Tolstoy St. 6/8, 197022,
St. Petersburg, Russian Federation, 

Phone: +7 (812) 338 6259, +7 (921) 7961951
Fax: +7 (812) 338 6263
E-mail: moisiv@mail.ru



CTT JOURNAL | VOLUME 6 | NUMBER 4 | DECEMBER 2017 53

CLINICAL STUDIES

Introduction
Graft -versus-host disease (GVHD) prophylaxis based on 
calcineurin inhibitors (CNI), namely cyclosporin A and tac-
rolimus, was developed in 1980s by Donald Th omas group 
[1] and is still the standard of care in the majority of Europe-
an centers [2]. Although tacrolimus and cyclosporin A have 
some diff erences in the effi  cacy aft er unrelated hematopoiet-
ic stem cell transplantation (HSCT), there are no signifi cant 
diff erences between these two agents for matched related 
graft s in the majority of studies [3,4]. Th is type of prophylax-
is results in grade II-IV acute GVHD and chronic GVHD in 
about 20-40% of patients undergoing HSCT from matched 
related donors (MRD) [5-7].

A recent study by Luznik et al. demonstrated that post-trans-
plant cyclophosphamide (PTCy) could be used as sin-
gle-agent GVHD prophylaxis for matched bone marrow 
graft s with relatively low incidence of acute and chronic 
GVHD [8]. Th is fi nding was subsequently confi rmed in a 
multicenter study [9]. Th e single-agent PTCy regimen is as-
sociated with low immunosuppression burden and relatively 
fast immunologic recovery, so it is anticipated to reduce the 
rate of infectious complications and potentiate graft -ver-
sus-leukemia (GVL) eff ect [10, 11]. However, no studies 
were published with direct comparison of the prophylaxis 
with CNIs and PTCy as the single agent. Th is retrospective 
study compares patients transplanted for malignant diseases 
with these two types of GVHD prophylaxis. 

Patients and methods

Patients and transplantation procedures
183 patients transplanted in 2006-2016 at the First St.Peters-
burg State I. Pavlov Medical University were enrolled in the 
study. Only fi rst allogeneic transplantations were included. 
All patients received 10/10 HLA-matched bone marrow graft  
from related donor. Th e Ethical Committee of Pavlov First 
St. Petersburg State Medical University approved the usage 
of PTCy as a single-agent for GVHD prophylaxis. All pa-
tients signed informed consent for the use of their medical 
data to research purposes. 78 subjects received PTCy, and 
105 were administered either cyclosporine A or tacrolimus 
combined with a second immunosuppressive agent. 49% of 
patients had acute myeloid leukemia; 31%, acute lympho-
blastic leukemia (ALL); 8%, chronic myeloid leukemia; 3%, 
myelodysplastic syndrome, and 8%, malignant lymphomas. 
27% of patients underwent salvage transplantation, defi ned 
as acute leukemia without hematologic remission, chronic 
myeloid leukemia in blast crisis and lymphomas in less than 
partial remission status. Comparative clinical characteristics 
of the two groups are presented in Table 1. PTCy group com-
prised less ALL patients, less salvage patients and a signifi -
cantly later year of transplant. Th e other characteristics were 
comparable. Median follow-up in the control group was 
50 months (range 8 to 111); in the PTCy group, 24 months 
(range 5 to 41).

Table 1. Characteristics of patients and transplantation conditions

Parameter/groups CNI-based prophylaxis Single-agent PTCy p-value

No. of patients 105 78

Gender, % M/F 59%/41% 55%/45% 0.60

Age, years, median (range) 31 (18-68) 34 (18-59) 0.89

Diagnosis
AML
ALL
CML
Lymphomas
MDS

49%
34%
4%
8%
5%

48%
26%
14%
11%
1%

0.03

Salvage group 36% 14% 0.0008

Donor type
MRD 100% 100%

1.0

Graft source
BM 86 (43%) 57 (100%) 1.0

Conditioning
MAC
RIC

33%
67%

29%
71%

0.58

Cycloporin A
Tacrolimus

31%
69%

-

Methotrexate
MMF

50%
50%

-

CD34+/kg 3.1±1.9 3.1±1.2 0.94

Year of transplant, median (range) 2011 (2006-2016) 2015 (2014-2016) <0.001
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Transplantation procedures
Myeloablative conditioning (MAC) was performed with 
oral busulfan at a dose of 16 mg/kg and cyclophosphamide 
(100-120 mg/kg). Reduced intensity conditioning (RIC) was 
performed with fl udarabine (180 mg/m2), and busulfan
(8 mg/kg). Patients were assigned to RIC if they were 40 
years or older, had HSCT-specifi c comorbidity index (HCT-
CI)≥2, grade >3 hepatic toxicity during induction therapy, or 
uncontrolled infection at the start of conditioning.

GVHD prophylaxis in the PTCy group consisted of sin-
gle-agent cyclophosphamide (50 mg/kg) administered at 
days +3, +4. Mesna (50 mg/kg/day) was administered during 
the days of PTCy infusion. Glucocorticoid administration 
was prohibited from day -5 until day +5, except of cases with 
anaphylaxia and severe respiratory failure. In the groups 
with conventional prophylaxis, the patients received either 
tacrolimus with target concentrations of 5-15 ng/ml, or cy-
closporine A, starting from the day -1, with target concentra-
tions of 150-350 ng/ml. Th e second agent in the prophylaxis 
regimen was methotrexate administered as a short course 
(10-15 mg/m2) at days +1,+3,+6, or mycophenolate mofetil 
(MMF) 30 mg/kg from day -1 to day +30. 

Supportive care included omeprasole 40 mg/day, acyclovir 
600 mg/day, trimetoprim/sulfamethaxazole 960 mg/day, al-
lopurinol and unfractionated heparin (100 IU/kg/day) start-
ing day -7. In patients without previous history of invasive 
fungal infection, prophylaxis was done with fl uconazole
(400 mg/day) starting on day 0, in patients with histo-
ry or evidence of invasive aspergillosis, with voriconazole
(400 mg/day) starting on day 0. Premedication before graft  
transfusion in the PTCy group was performed with metame-
sole 2 g and diphenhydramine 20 mg and steroids 1 mg/kg 
were added in the conventional prophylaxis group. 

Clinical definitions
Time to disease relapse, acute GVHD (GVHD), moderate 
to severe chronic GVHD (cGVHD), non-relapse mortali-
ty (NRM), overall survival (OS), event-free survival (EFS), 
and GVHD-relapse free survival (GRFS) were defi ned as the 
time from transplantation to the event. All these parameters 
were calculated for the two-year interval. Incidence of aG-
VHD was calculated at 125 days aft er HSCT, and the time 
frame for the other outcomes was three years. Events for EFS 
were relapse or death. Events for GRFS were either death, 
relapse, grade III-IV acute GVHD or systemic therapy-re-
quiring chronic GVHD. Th e Consensus Conference criteria 
and NIH criteria were used for aGVHD and cGVHD grad-
ing, respectively [12, 13]. Primary graft  failure was defi ned 
as a complete absence of donor chimerism in bone marrow 
biopsy by day +40. Time to engraft ment was calculated as a 
time period from HSCT to unsupported neutrophil count of 
>500/μl and white blood cell count >1000/μl for 3 consecu-
tive days. Toxicity was assessed with CTCAE ver. 4.03. Sepsis 
in the study was defi ned as systemic infl ammatory reaction 
with microbiologically confi rmed bacteremia. Th e multi-
variate correction was performed with Hematopoietic Cell 
Transplantation-specifi c Comorbidity Index (HCT-CI) [14] 
and disease risk index (DRI) by Armand et al. [15].

Statistical Analysis
Comparison of groups was performed by Chi-square test. 
Th e survival distributions for OS, EFS, GRFS were calculat-
ed using Kaplan-Meier methodology. Th e comparisons were 
made using the log-rank test. Cumulative incidence analysis 
with competing risks for aGVHD, cGVHD, relapse incidence 
and NRM was performed using Gray test. Relapse and NRM 
were accounted as competing risks. Early discontinuation of 
immunosuppression due to relapse or minimal residual dis-
ease was considered a competing risk for aGVHD. Donor 
lymphocyte infusion was considered a competing risk for 
cGVHD. Multivariate analysis was done using proportional 
hazard regression. Fine and Grey regression was used for the 
multivariate analysis of cumulative incidences [16]. Factors 
used for multivariate correction had at least p=0.15 signifi -
cance in the univariate analysis. Heterogeneities between the 
hazard ratios in the subgroup analysis were tested for signifi -
cance using the Cochran’s Q test, with df degrees of freedom. 
Incidence and severity of complications was compared using 
Mann-Whitney test. Analyses were conducted in SAS 9.3 
(SAS Institute, Inc.).

Results 

Engraftment and graft-versus-host disease
Incidence of primary graft  failure was not diff erent between 
groups (1.1 vs 1.6%, p=0.42). Nonetheless, engraft ment in 
the PTCy group was slower when assessed by neutrophil 
count (19 vs 24 days, p<0.001) and platelet count (17 vs 23 
days, p=0.005). Acute GVHD grade II-IV was signifi cantly 
less frequent in the PTCy group (8% vs 27%, p=0.0021, mul-
tivariate HR 0.239, 95% CI 0.099-0.58). Th e superiority of 
PTCy was also observed for grade III-IV acute GVHD (4% 
vs 15%, p=0.0040, multivariate HR 0.192, 95% CI 0.055-
0.666) (Fig. 1). Incidence of grade I acute GVHD was not 
diff erent (18% vs 13%, p=0.39) in the PTCy and convention-
al prophylaxis groups, respectively.

Moderate and severe chronic GVHD was not diff erent be-
tween PTCy and CNIs groups (26% vs 30%, p=0.938, mul-
tivariate HR 0.898, 95% CI 0.477-1.69). Incidence of mild 
chronic GVHD was also not diff erent (9% vs 10%, p=0.60). 

Mortality, relapses and survival outcomes
NRM was lower in the PTCy group in the univariate analy-
sis (8% vs 22%, p=0.0195), although there was no diff erence 
when corrected for other variables (HR 0.384, 95% CI 0.089-
1.437, p=0.1768). Relapse incidence was not diff erent in the 
univariate analysis (40% vs 49%, p=0.0896) in the PTCy and 
CNIs groups, respectively. However, in the multivariate anal-
ysis the use of PTCy was associated with lower incidence 
of relapse (HR 0.519, 95% CI 0.297-0.893, p=0.023). Th ese 
NRM and relapse incidence borderline improvements trans-
lated in superior OS (62% vs 41%, p=0.0027, multivariate 
HR 0.489, 95% CI 0.261-0.917), EFS (52% vs 31%, p=0.0013, 
multivariate HR 0.571, 95% CI 0.334-0.976) and GVHD-re-
lapse-free survival (30% vs 12%, p=0.0006, multivariate HR 
0.493, 95% CI 0.309-0.786) (Fig. 1).
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Unadjusted parameters represent results of univariate anal-
ysis; adjusted parameters represent results of multivariate 
analysis. In the multivariate analyses, co-variables for acute 
GVHD were as follows: intensity of the conditioning; age 
and female donor for male recipient. Co-variable for chron-
ic moderate and severe (m&s) GVHD was only previous 
acute GVHD; co-variables for NRM were intensity of the 
conditioning, salvage status, HCT-CI, occurrence of severe 
sepsis, female donor for male recipient, development of 
transplant-associated microangiopathy and year of trans-
plant; co-variables for Relapse incidence were acute GVHD, 
chronic GVHD, intensity of the conditioning, salvage status, 
DRI, reactivation of cytomegalovirus, age and time to en-
graft ment; co-variables for overall, event-free and GVHD-
relapse-free survival were intensity of the conditioning, DRI, 
HCT-CI, CD34+ cells in the graft , severe sepsis, age and year 
of transplant.

Th e subgroup analysis of EFS demonstrated that signifi cant 
benefi t of PTCy prophylaxis was observed for both RIC (HR 
0.57, p=0.0175) and MAC (HR 0.38, p=0.0259), patients 
with high DRI (HR 0.584, p=0.0385), patients younger than 
40 years old (HR 0.497, p=0.0054), patients with acute leu-
kemia (HR=0.545, p=0.089), non-salvage group (HR 0.609, 
p=0.0493) and donor-recipient pairs other than female to 
male (HR 0.516, p=0.0077). For the other subgroups, no 
signifi cant diff erences were noted between PTCy and CNI-
based prophylaxis, at least in the current study population 
(p>0.05), as seen in Fig. 2.

Complications of transplantation
Th ere was no diff erence in liver toxicity (p=0.08), neuro-

toxicity (p=0.11), incidence of hemorrhagic cystitis (13% 
vs 14%, p=0.38), veno-occlusive disease (p=0.19), sepsis 
(p=0.06), severe sepsis (p=0.77), invasive mycosis (p=0.07), 
CMV reactivation (p=0.84) and “overall” transplant-assoc-
ciated microangiopathy (TAM) according to Cho et al crite-
ria (p=0.13) [17]. However, there was reduced incidence of 
nephrotoxicity in the PTCy group (33% vs 43%, p=0.0079), 
with no grade 3-4 cases observed in the PTCy group. A re-
duced incidence of mucositis was revealed aft er PTCy (78% 
vs 88%, p=0.0059), but grade 3 and 4 mucositis was more 
frequent in this group (41% vs 34%, p=0.0163). Th ere was a 
borderline signifi cant increase of sepsis incidence aft er PTCy 
(29% vs 17%, p=0.0566), but similar incidence of severe sep-
sis (6% vs 5%, p=0.77). 

Discussion
Despite previous reports of feasibility and safety of sin-
gle-agent PTCy prophylaxis [8, 9] this is the fi rst to our 
knowledge comparison of this regimen to conventional regi-
men consisting of CNI and second other agent, like MMF or 
methotrexate. It should be mentioned that, when compared 
to previous studies, the incidence of grade II-IV acute GVHD 
was lower in our cohort (8% vs 43-51%). In the published 
trials, this could be explained by inclusion of patients with 
both related and unrelated graft s and by use of myeloablative 
therapy (MAC) in all the patients. In our study we included 
only related donors and majority of patients received RIC, 
which are the known factors that reduce GVHD incidence 
[18]. In this population of patients receiving predominantly 
RIC transplantation from related donor, a single-agent PTCy 

Figure 1. Univariate and multivariate analyses of transplantation outcomes

Variable

Acute GVHD II-IV unadjusted

Acute GVHD II-IV adjusted

Acute GVHD III-IV unadjusted

Acute GVHD III-IV adjusted

Chronic GVHD (m&s) unadjusted
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Non-relapse mortality unadjusted

Non-relapse mortality adjusted

Relapse incidence unadjusted
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Overall survival adjusted
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was associated with lower acute, but not chronic GVHD in-
cidence. All of the other outcomes in this cohort were gener-
ally comparable to the previous reports [8,9] indicating the 
reproducibility of the results with single-agent PTCy. 

We have observed a moderate superiority of PTCy, both in 
terms of NRM and relapse incidence, which, however, was 
translated into a signifi cant benefi t in OS, EFS and GFRS. 
Th e mechanisms underlying the improvement of results 
might include the reduced GVHD-related mortality, lower 
immunosuppression burden, preservation of certain T-cell 
antigen-specifi c subpopulations and faster development of 
graft -versus-leukemia (GVL) eff ect [19, 20]. Interesting-
ly, 30% GRFS in the PTCy group indicate that one-third of 
the patients are cured without any further need for immu-
nosuppression. However, the results of the study should be 
interpreted with caution because of its retrospective nature, 
inhomogeneous patient population, and diff erences in the 
time of transplant between the groups. Th e question wheth-
er single-agent PTCy is better than conventional prophylaxis 
should be addressed in a prospective clinical trial. Th e on-
going BMT CTN 1301 trial is addressing this issue, and the 
study completion is expected in 2021 [21]. 

Th e subgroup analysis revealed that the patients that benefi t 
from PTCy are mostly young acute leukemia patients with 

high DRI. Th is could be explained by larger benefi t of GVL 
in this population of patients [22]. Absence of diff erences in 
the other patient populations might be due to a small sample 
size in these subgroups, since all non-signifi cant diff erences 
were observed in the smaller proportions of patients than 
did signifi cant ones. 

Th e analysis of clinical complications has shown a generally 
comparable safety profi le between PTCy-based and CNI-
based prophylaxis. A reduced nephrotoxicity is anticipated, 
since calcineurin inhibitors are well-known agents causing 
acute kidney damage [23]. Our group had also reported the 
reduced TAM incidence in unrelated graft s with PTCy [24], 
but the diff erences were not statistically signifi cant in this 
patient cohort despite lower percentage (1% vs 5%). Larg-
er studies are required to demonstrate that reduced acute 
GVHD incidence and absence of CNIs as well-known risk 
factors of TAM might diminish its occurence [25]. Th e 
alarming trend of higher sepsis incidence aft er PTCy might 
be a consequence of slower engraft ment and longer neutro-
penia duration, but also, since PTCy group consisted of more 
recent transplantations, this might be due to improved sepsis 
diagnostics over time. Th e latter explanation might be more 
probable, because the incidence of bacteremia recently re-
ported by other groups varies from 24 to 48% [26].

Figure 2. Subgroup analysis of event-free survival

Hazard ratio (HR) heterogeneity was calculated using Cochran’s Q test. Th e size of the marker represents the number of patients 
in the each subgroup.
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Conclusion
Despite the drawbacks of a single-center retrospective na-
ture, our study in matched related bone marrow recipients 
has shown a reduced incidence of acute, but not chronic 
GVHD with single-agent PTCy compared to conventional 
GVHD prophylaxis. Moreover, the use of PTCy was asso-
ciated with improved overall and event-free survival. Th ese 
fi ndings should be confi rmed in multicenter prospective 
randomized trials. 
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Сравнение монопрофилактики реакции «трансплан-
тат против хозяина» с использованием пост-транс-
плантационного циклофосфана и профилактики на 
основе ингибиторов кальциневрина при аллогенной 
родственной трансплантации костного мозга

Резюме
В настоящий момент опубликован ряд исследова-
ний, показавших эффективность профилактики 
реакции «трансплантат против хозяина» (РТПХ) с 
использованием пост-трансплантационного цикло-
фосфана в качестве единственного препарата (мо-
ноПТЦф) при HLA-совместимых трансплантациях 
костного мозга (ТКМ). Тем не менее, до сих пор не 
было опубликовано прямых сравнений эффектив-
ности моноПТЦф и классической профилактики 
с использованием ингибиторов кальциневрина 
(ИКН). В данном исследовании проведено сравне-
ние результатов ТКМ у 78 пациентов, получавших 
профилактику РТПХ с использованием моноПТЦф, 
и 105 пациентов исторического контроля, получав-
ших профилактику такролимусом/циклоспорином 
А и микофенолатом мофетилом/метотрексатом. 
Исследуемые группы были сравнимы по клиниче-
ским характеристикам, однако в группе с ИКН было 
больше пациентов группы «спасения» и больший 
процент пациентов с острым лимфобластным лей-
козом. ПТЦф достоверно лучше предотвращал раз-
витие острой РТПХ II-IV (HR 0.239, 95% CI 0.099-
0.58, p=0.002) и III-IV степени (HR 0.192, 95% CI 
0.055-0.666, p=0.009), а также снижал вероятность 
рецидива (HR 0.519, 95% CI 0.297-0.893, p=0.023). 

Частота хронической РТПХ (HR 0.898, 95% CI 0.477-
1.69, p=0.74) и трансплантационной летальности 
(HR 0.384, 95% CI 0.089-1.437, p=0.1768) достоверно 
не различались между группами. В группе паци-
ентов с моноПТЦф наблюдалась достоверно более 
высокая общая выживаемость (HR 0.489, 95% CI 
0.261-0.917, p=0.03), бессобытийная выживаемость 
(HR 0.571, 95% CI 0.334-0.976, p=0.04) и выжива-
емость без рецидива и РТПХ (HR 0.493, 95% CI 
0.309-0.786, p=0.003). Токсичность ТКМ была срав-
нима в двух группах, за исключения меньшей неф-
ротоксичности (33% против 43%, p=0.008) и частоты 
пост-трансплантационной микроангиопатии (3% 
против 11%, p=0.04) режима с ПТЦф, и большей ча-
стотой мукозитов 3-4 степени при данном режиме 
(41% против 34%, p=0.02). Несмотря на недостат-
ки ретроспективного и одноцентрового подхода, в 
данном исследовании было показано преимущество 
режима профилактики РТПХ на основе моноПТЦф. 
Полученные результаты должны быть подтвержде-
ны в проспективном рандомизированном исследо-
вании.  

Ключевые слова
Трансплантация костного мозга, реакция «транс-
плантат против хозяина», пост-трансплантационный 
циклофосфан, профилактика.
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