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Summary
Cryopreservation (Cryo) of a graft is a standard proce-
dure in autologous hematopoietic stem cell transplanta-
tion (HSCT), however there is a lack of studies on the 
safety and efficacy of allogeneic HSCT with cryopre-
served graft. We have conducted a pair-matched study 
in 81 patients transplanted with frozen graft and com-
pared them to 81 control patients with fresh cell graft. 
The groups were matched by age, disease type and stage, 
conditioning, donor type, graft-versus-host disease 
(GVHD) prophylaxis and number of CD34-postive cells 
in the graft. The study group comprised 83% unrelated 
HSCTs, 72% of peripheral blood stem cell recipients and 
40% of salvage patients. No differences were observed 
between the Cryo and control group in the incidence of 
grade II-IV acute GVHD (39% vs 37%, p=0.89), mod-
erate and severe chronic GVHD (29% vs 30%, p=0.39), 
overall survival (37% vs 44%, p=0.24), event-free survival 
(35% vs 40%, p=0.38) and GVHD-relapse-free survival 
(19% vs 25% , p=0.20), respectively. However, non-relapse 
mortality (NRM) was significantly higher in the Cryo 
group (45% vs 28%, p=0.015), which was compensated 
by reduced relapse incidence (21% vs 34%, p=0.048).  

The leading factor for NRM were trends to higher inci-
dence of primary graft failure (15,7% vs 6.3%, p=0.059) 
and sepsis during aplasia (24% vs 13%, p=0.068). No 
differences were observed in the time to neutrophil and 
platelet engraftment. Complications of HSCT were com-
parable between groups except higher incidence of grade 
II-IV nephrotoxicity in the Cryo group (30% vs 10%, 
p=0.0046). In conclusion, the study demonstrated that the 
results of allogeneic HSCT with cryopreserved graft are 
comparable to native graft ones. Trends to higher primary 
graft failure, infectious complications and NRM should 
be confirmed in the multicenter studies.
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Introduction
Hematopoietic stem cell transplantation (HSCT) is a rapidly 
developing method for the treatment of various malignant 
and non-malignant diseases [1]. However, it requires syn-
chronization between donor preparation to donation, con-
ditioning regimen, donation and graft-versus-host disease 
(GVHD) prophylaxis. Thus situations occur, like unexpect-
ed infection in a recipient or fulminate relapse of the under-
ling disease, when there is a dilemma whether to transplant 
a patient with these unexpected conditions or postpone the 
transplant and administer appropriate treatment . It is well 
known that grafting in relapse is the worst predictive factor 
for long-term survival [2]. On the other hand, active infec-
tions at the start of the conditioning also impact the outcome 
adversely [3, 4]. Thus in the majority of cases like these the 
decision is made to postpone the HSCT, however this is not 
possible in certain situations with unrelated donors, and also 
when a related donor has started the stimulation with gran-
ulocyte-colony stimulating factor.  In these case the graft is 
usually cryopreserved before infusion. 

The other situation leading to cryopreservation is the poor 
graft cellularity collected from a donor. It is well known that 
low number of CD3 and CD34-positive cells in the graft sig-
nificantly affect the incidence of primary graft failure and 
poor graft function after HSCT, which are associated with 
significant non-relapse mortality [5, 6]. Unlike the related 
setting when CD34-selected boost could be collected after 
unrelated transplantation this might be difficult due to do-
nor decision or logistics. Thus several centers prefer to re-
ceive and access the graft quality before the start of the con-
ditioning, and then transfuse the cryopreserved graft. 

Despite the safe use of freezing stage during autologous 
HSCT procedure, there is a lack of large comparative studies 
evaluating the effects of graft cryopreservation on the out-
come of allogeneic HSCT. Despite the evidence that engraft-
ment of the cryopreserved bone marrow is comparable [7, 
8], there are reports that the risk of graft failure is increased 
with frozen peripheral blood stem cell (PBSC) graft [9], or 
the risk of the GVHD might be altered after thawing [10, 11]. 
We conducted a single-institution pair-matched retrospec-
tive study to evaluate the impact of graft cryopreservation 
on the outcomes and toxicity of allogeneic stem cell trans-
plantation. 

Patients and Methods
Patients and transplantation procedures
162 patients transplanted in 2006-2017 at the I. Pavlov First 
St. Petersburg State Medical University were included into 
the study. All patients signed informed consent for the use 
of their medical data for research purposes, according to the 
Helsinki Declaration.  81 patients received the cryopreserved 
graft.  The graft was stored with 10% DMSO at -180⁰C until 
the day of the transplant. The reasons for freezing were: in-
fection before the start of the conditioning (38.3%), relapse 
of the underlying disease (32.2%), unavailability of a related 
donor at the time of HSCT (17.2%), availability of the cryo-
preserved graft after the first donation due to restriction of 

CD34 cell count (11.1%), pregnancy before the conditioning 
(1.2%). The study group (Cryo group) comprised predomi-
nantly adult patients with unrelated donors, leukemia as an 
underlying disease and reduced intensity conditioning. The 
study group was represented by high-risk disease with 42% 
of patients having DRI 3 or 4 and active disease in 40% of pa-
tients. The control group (native group) comprised 81 pair-
matched patients. The criteria for matching were type of the 
donor, graft source (bone marrow or PBSC), diagnosis, stage 
of the disease at the time of the performed HSCT, intensity of 
the conditioning, age ±5 years, CD34 count ± 1x106/kg and 
graft versus host disease prophylaxis. The significance of the 
matching factors was in the order listed above. The resulting 
groups were well matched and were not significantly differ-
ent in any of the patient- or transplantation-related factors 
(Table 1). Median follow up was 25 months, thus the two 
year outcomes were used in the study.

Transplantation procedures
Myeloablative conditioning (MAC) was performed with oral 
busulfan 16 mg/kg and cyclophosphamide 100-120 mg/kg. 
Reduced intensity conditioning (RIC) was performed with 
fludarabine 180 mg/m2 and busulfan 8-10 mg/kg. Patients 
were assigned to RIC if they were 40 years or older, had he-
matopoietic cell transplantation-specific comorbidity index 
(HCT-CI)≥2, exbited, at least, grade 3 hepatic toxicity dur-
ing previous therapy, or uncontrolled infection at the start 
of the conditioning. Patients subjected to second HSCT also 
received RIC.

GVHD prophylaxis in the post-transplantation cyclophos-
phamide (PTCy) group consisted of cyclophosphamide (50 
mg/kg) administered at days +3, +4, tacrolimus 0.03 mg/kg 
and mycophenolate mofetil (MMF) 30-45 mg/kg from day 
+5. The classical GVHD prophylaxis included either tac-
rolimus with target concentrations of 5-15 ng/ml, or cyclo-
sporine A  with target concentrations of 150-350 ng/ml from 
day -1. As second agents in the prophylaxis regimen we used 
short-course methotrexate 10-15 mg/m2 at days +1, +3, +6 
or mycophenolate mofetil (MMF) 30 mg/kg from day -1 to 
day +30. 

Clinical definitions
Time to disease relapse, acute GVHD (aGVHD), 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 defined 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 after HSCT, and the time 
frame for the other outcomes was two years. Events for EFS 
were relapse or death. Events for GRFS were either death, 
relapse, grades III-IV acute GVHD or systemic therapy-re-
quiring chronic GVHD. The Consensus Conference criteria 
and NIH criteria were used for aGVHD and cGVHD grad-
ing, respectively [12,13]. Primary graft failure was defined as 
the complete absence of donor chimerism in bone marrow 
biopsy by day +40. Time to engraftment was calculated as 
time from HSCT to unsupported neutrophil count > 500/ul 
and white blood cell count >1000/ul for 3 consecutive days. 
Toxicity was assessed with CTCAE ver. 4.03. Sepsis in the 
study was defined as systemic inflammatory reaction with 
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Table 1. Characteristics of patients and transplantations.

Parameter Cryopreserved graft (N=81) Native graft (N=81) p-value

Age Adult 80.72%
Children 19.28%

Adult 81.01%
Children 18.99%

0.9626

Male, % 49.40% 50.63% 0.8751

Diagnosis AML 37.97%
ALL 31.33%
MDS/MPN 10,84%
CML 9.64%
Lymphoma 6,49%
AA 2.53%
Solid tumor 1.20%

AML 37.97%
ALL 31.33%
MDS/MPN 9,64%
CML 10,84%
Lymphoma 6,49%
AA 2.53%
Solid tumor 1.20%

0.9520

Disease risk index 1 – 9.64%
2 – 48.19%
3 – 33.73%
4 – 8.43%

1 – 17.95%
2 – 44.87%
3 – 32.05%
4 – 6.17%

0.4227

Donor Related 17.2%
Unrelated 82.8%

Related 17.2%
Unrelated 82.8%

1.0

Graft source BM 28,4%
PBSC 71,6%

BM 25,9%
PBSC 74,1%

0.7742

Number of HSCT First – 88,9%
Subsequent – 11.1%

First – 90.2%
Subsequent – 9.8%

0.3622

Conditioning RIC 75.90%
MAC 24.10%

RIC 78.48%
MAC 21.52

0.6961

GVHD prophylaxis PTCy-based 32.53%
Tacrolimus 73.49%

PTCy-based 34.18%
Tacrolimus 67.09%

0.8241
0.4740

CD34+ 10x6/kg cells in the 
graft, mean±SD

4.8±2.5 5.0±2.5 0.9266

AML=acute myeloid leukeina; ALL=acute lymphoblastic leukemia; MDS=myelodysplastic syndrome; MPN=myeloprolipher-
ative neoplasm; CML=chronic myeloid leukemia; AA=aplastic anemia; BM=bone marrow; PBSC=peripheral blood stem cells; 
RIC=reduced-intensity conditioning; MAC=myeloablative conditioning; PTCy=post-transplantation cyclophosphamide.

microbiologically confirmed bacteremia. The risk of the dis-
ease was accessed with disease risk index (DRI) by Armand 
et al. [14].

Statistical Analysis
Comparison between the groups was performed by Chi-
square test. The comparison of the quantitative parameters 
between groups were preformed with log-normalized t-test. 
The survival distributions for OS, EFS, GRFS were calculat-
ed using Kaplan-Meier methodology. The 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 not performed, because 
patients were matched by the majority of significant varia-
bles. The subgroup analysis was performed for OS. Hetero-

geneities between the hazard ratios in the subgroup analysis 
were tested for significance using the Cochran’s Q test, with 
df degrees of freedom. Incidence and severity of complica-
tions were compared using Mann-Whitney test. Analyses 
were conducted in SAS 9.3 (SAS Institute, Inc.).

Results
Engraftment 
There was a trend towards higher incidence of graft failure 
in the Cryo group (15.7% vs 6.3%, p=0.0588). When the 
graft source was analyzed separately, there was a significant 
increase in graft failure for BM (26% vs 0%, p=0.025), but 
no difference for peripheral blood (12% vs 9%, p=0.483). 
Among patients who engrafted there was no difference for 
the time of neutrophil engraftment (median 19 vs 18 days, 
p=0.345 in the Cryo and control groups, respectively), white 
blood cell recovery (18 vs 16 days, p=0.419) and platelet en-
graftment (17 vs 14 days, p=0.442). 
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Figure 1. Influence of graft cryopreservation on clinical outcomes of stem cell transplantation

A. Acute GVHD grade II-IV; B. Moderate and severe chronic GVHD (NIH); C. Non-relapse mortality; D. Cumulative relapse 
incidence; E. Overall survival; F. GVHD-relapse-free survival.
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Graft-versus-host disease, mortality 
and survival
No differences were observed in the incidence of acute 
GVHD grade II-IV (39%, 95%CI 28-50% vs 37%, 95%CI 26-
48% in the Cryo and control groups, respectively, p=0.8865, 
Fig. 1A) and grade III-IV acute GVHD (25%, 95%CI 16-36% 
vs 19%, 95%CI 11-29% in the Cryo and control groups, re-
spectively, p=0.4708). Incidence of grade I GVHD (14.8% vs 
13,5%, p=0.873) as well as the incidence of steroid-refractory 
GVHD (9.9% vs 9.9%, p=1.0) were also not different. The 
incidence of moderate and severe chronic GVHD was also 
comparable in the study groups: Cryo group, 29% (95%CI 
17-42%) vs Control group, 30% (95%CI 14-48%), p=0.3918, 
Fig. 1B. 

A significantly higher non-relapse mortality was observed 
for patients with cryopreserved graft: 45% (95%CI 34-56%) 
vs 28% (95% CI 18-39%), p=0.0145, Fig. 1C. However, the 
incidence of relapse was reduced the Cryo group: 21% (95% 
CI 12-30%) vs 34% (95% CI 23-45%), p=0.0481, Fig. 1D. 
This bidirectional differences resulted in absence of statisti-
cally significant impact of graft thawing on overall survival 
(37%, 95% CI 27-48% vs 44%, 95% CI 32-55% in the Cryo 

Figure 2. Subgroup analysis of overall survival

and control groups, respectively, p=0.2384, Fig. 1E), EFS 
(35%, 95% CI 24-45% vs 40%, 95% CI 29-51%, respectively, 
p=0.38) and GFRS (19% ,95% CI 10-28% vs 25% , 95% CI 
15-26, respectively, p=0.2041, Fig. 1F). 

The subgroup analysis of the OS outcome revealed no differ-
ences between cryopreserved and native graft irrespective of 
the conditioning intensity, graft source, age of the patients, 
underlying disease, status of the disease and type of donor 
(p>0.2, Fig. 2).

Complications of transplantation
In general, toxicity of HSCT was comparable between the 
groups (Fig. 3), but we observed a significant increase in the 
incidence of acute clinically significant renal toxicity (30% 
vs 10%, p=0.0046). The mean maximal creatinine observed 
after HSCT was 143±108 vs 114±65 µmol/l in the Cryo and 
control groups, respectively. Borderline differences were ob-
served in the incidence of sepsis before engraftment (24% vs 
13%, p=0.0681) and severe sepsis before engraftment (17% 
vs 8%, p=0.0981). Although relatively high incidence of VOD 
(15%) for predominantly RIC regimen was observed in the 
Cryo group, the difference was not statistically significant. 
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Discussion
In this well-matched cohort of patients, we have shown that 
the survival of patients after HSCT with cryopreserved graft 
is not significantly compromised. Also we have not observed 
any differences in the incidence of acute and chronic GVHD. 
These results are comparable to the ones previously reported 
by Medd et al. [11], despite their cohort included predomi-
nantly matched related donors and PBSC only. Despite the 
comparable OS levels, we observed that NRM was signifi-
cantly higher in the Cryo group, which was compensated by 
lower relapse risk. To our knowledge, this observation had-
not been previously reported in the literature. 

The increment in non-relapse mortality was primary driven 
by higher incidence of graft failures. This corresponds to the 
data previously reported by M. Lioznov et al. [9]. In our study 
we observed increased incidence in the BM, but not in PBSC 
group. However, the number of graft failures in our dataset is 
relatively low to draw a definitive conclusion. Since primary 
graft failure is a multifactorial event [6] with significant im-
pact of anti-HLA antibodies [15], other antibody types [16], 
microenvironment abnormalities, particularly in MDS and 
MPN [17], and other potential factors, this difference in graft 
failure should be confirmed in large registry studies. None-
theless, the current understanding of immune mechanisms 
behind graft failure might partially explain the increased 

Figure 3. Complications of stem cell transplantation

incidence of this complication after freezing the graft. The 
release of specific antigens during thawing, particularly from 
granulocytes, might trigger both the antibody-mediated and 
T-cell-mediated rejection [18]. 

The other complication leading to non-relapse mortality 
was the tendency to higher incidence of sepsis. It is unlikely 
that the mechanisms behind this observation are related to 
the cryopreservation of the graft. It was rather due to dif-
ference between groups.  For the majority of patients in the 
Cryo group, the reason for freezing the graft was an unex-
pected infection. This indicates that this group might have 
been more prone to infections. In allo HSCT recipients this 
is usually associated by iron overload [19], and the groups 
were not matched by this parameter. Also the Cryo group 
included patients in whom the remissions were reinduced 
before HSCT, using high-dose cytarabine with fludarabine. 
This mode of chemotherapy is usually associated with rela-
tively high incidence of bloodstream infections [20], and re-
currence of septic episodes after HSCT has previously been 
reported [21]. 

The finding about reduced risk of relapse in the study group 
also lacks logical explanation, since the incidence of acute and 
chronic GVHD was not different between the groups, and 
it is hard to speculate about the augmentation of graft-ver-
sus-leukemia affect. Despite the groups were matched by the 
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disease type and stage, the abovementioned mechanism of 
re-induction close to the start of the conditioning might play 
a role. Although chemotherapy and conditioning were not 
sequential like in certain protocols for high-risk leukemia 
[22], the factor of timing is likely to play a role in the ob-
served results.

Conclusion
Despite certain differences between the groups compared 
and non-randomized study design, we have demonstrated 
that cryopreservation of allogeneic graft is a viable option 
in case of complications that increase the risk of HSCT, 
however the benefit from postponing a transplant should be 
weighed against the possible risk of primary graft failure. The 
results of the study require confirmation in the muticenter 
setting or in the studies with international registry data. 
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CLINICAL STUDIES

Попарный сравнительный анализ криоконсервиро-
ванных и нативных трансплантатов для взрослых 
реципиентов и детей при аллогенной гемопоэтиче-
ской трансплантации стволовых клеток  

Резюме
Криоконсервация (Крио) трансплантата являет-
ся неотъемлемой частью процедуры аутологич-
ной трансплантации гемопоэтических стволовых 
клеток (ТГСК), тем не менее, в литературе крайне 
мало данных о безопасности и эффективности ал-
логенной ТГСК после стадии замораживания. Для 
определения клинического значения криоконсер-
вации трансплантата было проведено исследование 
методом парных сравнений между 81 пациентом, 
получившим инфузию замороженного аллогенного 
трансплантата, и 81 пациентом, получившим инфу-
зию нативного трансплантата. Критериями парного 
подбора были вариант и стадия заболевания, тип 
донора, источник трансплантата, возраст пациента, 
интенсивность кондиционирования, профилактика 
реакции «трансплантат против хозяина» (РТПХ) и 
количество CD34-положительных клеток в транс-
плантате. В исследуемой группе 83% выполнена 
неродственная ТГСК, 72% получили инфузию ство-
ловых клеток периферической крови и 40% относи-
лись к группе «спасения». При сравнении группы 
Крио и контрольной группы не было выявлено раз-
личий в частоте острой РТПХ II-IV степени (39% vs 
37%, p=0,89), средней и тяжелой хронической РТПХ 
(29% vs 30%, p=0,39), общей выживаемости (37% vs 
44%, p=0,24), бессобытийной выживаемости (35% vs 
40%, p=0,38) и выживаемости без рецидива и РТПХ 
(19% vs 25% , p=0,20), соответственно. Тем не менее, 

трансплантационная летальность (ТЛ) была значи-
мо выше в группе Крио (45% vs 28%, p=0,015), что 
частично компенсировалось снижением вероятно-
сти рецидива (21% vs 34%, p=0,048). Основной при-
чиной повышения ТЛ был тренд к большей частоте 
первичного неприживления трансплантата (15,7% 
vs 6.3%, p=0,059) и сепсиса в период аплазии кровет-
ворения (24% vs 13%, p=0,068). Различий в скорости 
приживления нейтрофилов и тромбоцитов выявле-
но не было. Частота осложнений трансплантации 
была сравнима в двух группах, за исключением по-
вышения вероятности развития нефротоксичности 
II-IV степени в группе криоконсервации (30% vs 
10%, p=0,0046). В заключение можно сказать, что 
исследование показало сравнимые результаты при 
использовании замороженного и нативного транс-
плантата. Выявленное повышение частоты пер-
вичного неприживления трансплантата, сепсиса 
и трансплантационной летальности требуют под-
тверждения в многоцентровых исследованиях. 
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замораживание трансплантата, первичное непри-
живление трансплантата.

Елена В. Бабенко, Иван С. Моисеев, Михаил М. Канунников, Александр Л. Алянский, Дмитрий Э. Певцов, 
Анастасия В. Фролова, Анна А. Осипова, Татьяна А. Быкова, Олеся В. Паина, Елена И. Дарская, 
Людмила С. Зубаровская, Сергей Н. Бондаренко, Инна В. Маркова, Борис В. Афанасьев
НИИ детской онкологии, гематологии и трансплантологии им. Р. М. Горбачевой Первого Санкт-Петербургского 
государственного медицинского университета, Санкт-Петербург, Российская Федерация


