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Summary

Transplantation of allogeneic hematopoietic stem
cells (allo-HSCT) is an effective treatment method for
non-malignant diseases and inherited disorders. Devel-
opment of acute graft-versus-host-disease (aGVHD) is
a negative factor with adverse effects upon clinical out-
comes. Usage of “novel” schedules for drug prophylaxis
of this complication using posttransplant cyclophospha-
mide (PtCy) seems to decrease the GVHD risk.

The aim of this study was to assess efficiency of PtCy
as a tool for aGVHD prevention in the patients with
non-malignant diseases of hematopoiesis and inherited
syndromes.

PATIENTS AND METHODS

97 patients with non-malignant blood disorders and
metabolic diseases underwent allo-HSCT at the R. Gor-
bacheva Memorial Institute of Children Oncology and
Transplantation over a period of 2005 to 2018. A total of
118 HSCTs were carried out. The aGVHD prophylaxis
in 89 cases was performed by a standard schedule (with
calcineurin inhibitors). 29 patients were treated accord-
ing to PtCy regimen, at a dose of 50 mg/kg at days +3
and +4.
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RESULTS

Cumulative frequency of acute GVHD comprised 32%.
Patients treated with PtCy exhibited lower rates of this
condition compared to the group with standard proph-
ylaxis schedule (26% vs 47%, p=0.05). Frequency of
skin aGVHD was also less common in the PtCy group
(23% vs 45%, p=0.046); gastrointestinal aGVHD was
observed at equal rates in the both groups. Stem cell en-
graftment after nonmyeloablative conditioning in HSCT
patients with subsequent PtCy administration proved
to be sufficiently weaker compared to other patients (86
vs 50%, p=0.004). In conclusion, posttransplant GVHD
prevention based on cyclophosphamide prophylaxis is
an efficient method which may decrease aGVHD risk.
However, one should take into account a higher non-en-
graftment rate as a potential hazard of HSCT when us-
ing non-myeloablative conditioning regimens and Pt-
Cy-based GVHD prophylaxis.
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Introduction

Allogeneic transplantation of hematopoietic stem cells (al-
lo-HSCT) is considered an integral component of most
treatment protocols aimed for therapy of hematological ma-
lignancies and solid tumors as well as some genetic diseases
in children and adolescents. It is a method of choice for the
patients with non-malignant clinical conditions intended
for correction of inherited deficiency typical to the given
syndrome, repopulation of the immune system by normal
cells, or replenishment of a deficient enzyme, e.g., in storage
diseases [1, 2]. Choosing an optimally compatible donor is
a key factor determining favorable outcome in HSCT [3].
An HLA-compatible unrelated donor is not available for ca.
15-20% of the patients, because of extreme allelic variabil-
ity of HLA system. Lower HLA compatibility is associated
with additional risks of severe posttransplant immune com-
plications, e.g., graft-versus-host disease. Pharmacological
prevention of acute GVHD is based on combined usage of
different medications, i.e., calcineurin inhibitors, cytostat-
ic drugs (metothrexate, micophenolate mophetyl), m-TOR
inhibitors, antithymocyte immunoglobulins. Cyclophospha-
mide at early terms post-transplant (days +3+4) is consid-
ered as a novel approach to aGvHD prophylaxis after HSCT
(PTCy). The mean purpose of this therapy is to abrogate ef-
fects of activated alloreactive T lymphocytes, thus allowing to
decrease acute GVHD risk by 30%. However, most published
data describes treatment of adult patients with hematolog-
ical malignancies [5, 6], several studies in pediatric HSCT
are also based on this category of patients. Hence, the aim of
the present study was to assess efficiency of PTCy therapy in
pediatric patients with non-malignant diseases.

Patients and Methods

Over the time period of 2005 to March 2018, we observed
ninety-seven patients with various non-malignant diseases
subjected to allo-HSCT at the clinic of R. Gorbacheva Me-
morial Institute of Children Oncology, Hematology and
Transplantation. A total of 118 allo-HSCT were performed
including 21 cases (18%) of repeated transplants, due to
initial graft failure, or secondary rejection. The primary
non-malignant conditions were represented by the follow-
ing disorders: hemoglobinopathies, 8 patients (8%); bone
marrow insufficiency (both inborn and acquired), 44 cases
(46%); metabolic diseases, 35 cases (36%), primary immune
deficiencies, 10 patients (10%).

Acute GVHD (aGVHD) prophylaxis in majority of HSCT
cases was based on calcineurin inhibitors (n=89, 75%). Post-
transplant cyclophosphamide (PtCy) was administered in 29
cases (25%), at the dose of 50 mg/kg weight (days +3 and +4
after HSCT). This schedule of GVHD prophylaxis was most
often in type 1 mucopolysaccharidosis (Hurler syndrome)
(n=9), beta-thalassemia (n=9). In 11 cases (38%), HSCT
was performed from haploidentical donors, or as a repeated
transplant (n=9, 31%). Myeloablative and reduced-intensity
conditioning regimens were applied at similar rates (respec-
tively, for 15 and 14 cases).

Results

The two-year survival rates in total group did not substan-
tially differ between standard GVHD prophylaxis schedule,
and the PtCy protocol (62% versus 64%) (Fig. 1A). A number
of factors did sufficiently improve this parameter: patient’s
age (under 5 years old) by the moment of HSCT (77% vs
50%, p=0.004, see Fig. 1B); shorter time period (under 2
years) from diagnosis to allo-HSCT (74% vs 47%, p=0.003,
see Fig. 1C), transplant engraftment (72% vs 44%, p=0.001,
see Fig. 1D).

Successful engraftment was documented in 91 cases. Cumu-
lative engraftment rates did not differ between the groups
with standard protocol and PtCy prophylaxis (70% vs 84%,
see Fig. 2A). Likewise, we have not revealed any significant
differences for the groups treated according to MAC and
RIC schedules (87.5% vs 77%, p=0.31, see Fig. 2B). Howev-
er, the patients subjected to non-myeloablative conditioning
followed by Cy treatment showed a definitely lower engraft-
ment rate (86 vs 50%, p=0.004, see Fig. 2C).

Stem cell engraftment in our patients was dependent on the
donor type. Le., the patients who underwent HSCT from
HLA-compatible donor (either related or unrelated) showed
higher engraftment frequency than the patients who have
got stem cells from haploidentical donor (92% vs 84% vs
58%, p=0.05, see Fig. 3).

The primary disease for which allo-HSCT was performed
was also of importance. E.g., the patients with primary im-
mune deficiencies demonstrated engraftment in all cases.
The lowest engraftment rate was observed in patients with
hemoglobinopathies. Functioning graft among the patients
who received second HSCT due to failure of the first trans-
plant, was achieved in only 46% of cases.

Cumulative incidence (CI) of aGVHD rate in post-HSCT
patients was 32% of total. The patients with PtCy had lower
CI aGVHD if compared to the group with standard prophy-
laxis (26% vs 47%, p=0.05, Fig. 4A). CI of aGVHD with skin
affection was also significantly lower in the PtCy group (23%
vs 45%, p=0.046) as seen from the Fig. 4B. Intestinal and
hepatic aGVHD occurred in the both groups at comparable
rates. The inter-group distribution for severity grade was also
similar.

Clinical results of PtCy treatment were specially evaluated
for the most homogenous group of the patients with Hurl-
er syndrome (type 1 MPS). This cohort was represented by
22 allo-HSCT, with PtCy prophylaxis in six cases. Overall
survival was similar for the patients subjected to different
aGVHD prophylaxis (82% at standard aGVHD prophylaxis
versus 100% in PtCy group, see Fig. 5A). Clinical engraft-
ment was achieved in all cases, whereas CI of aGVHD was
63% in the standard prophylaxis group against 34% for the
PtCy group (Fig. 5B). Frequency of life-threatening GVHD
(stage III to IV) did not differ significantly (20% versus 18%,
Fig. 5C).
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Table 1. Primary clinical conditions in the patients with non-malignant disorders

Types of the disorders N
Hemoglobinopathies
Beta-thalassemia major 8
Bone marrow failure syndromes
Idiopathic aplastic anemia 27
Fanconi anemia 10

Kostmann syndrome

Blackfan-Diamond anemia

Shwachman-Diamond anemia 1

Metabolic diseases

Mucopolysaccharidosis type 1, Hurler syndrome 19

Autosomal recessive osteopetrosis

X-linked adrenoleukodystrophy

Globoid cell leukodystrophy

Metachromatic leidystrophy

—_—— WD~

Farber disease

Primary immune deficiencies

Wiskott Aldrich syndrome
Severe combined immune deficiency (SCID)

Chediak-Higashi syndrome 1

Table 2. Demographic and clinical characteristics of the patients subjected to acute GVHD prophylaxis based
on calcineurin inhibitors versus post-transplant cyclophosphamide (Cy)

Parameter Standard aGVHD Post-transplant Cy- based | p
prophuylaxis prophuylaxis

Number of patients 89 29

Age, years 6 years (9 mo to 21 years) | 3.6 years (9 mo to 27 years)

Gender

Male 39 19 0.05

Female 50 10

Diagnosis:

Hemoglobinopathies 4 6

Bone marrow failure syndromes, including: 48 8 0.06

Aplastic anemias 31 5

Metabolic diseases, i.e., 30 1

Mucopolysaccharidosis type 1, Hurler syndrome 16 6

Primary immune deficiencies 7 4

Allo-HSCT number

First HSCT 77 20 0.03

Repeated HSCT 12 9

Donor type:

Allogeneic unrelated 67 13 0.02

Allogeneic related 15 4

Haploidentical 7 1

Conditioning regimen

Muyeloablative 18 15 0.00

Reduced-intensity conditioning 12 13

Source of graft

Bone marrow (BM) 54 15

Peripheral blood stem cells (PBS() 32

Combined BM+PBSC+umbilical stem cells 3 3
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Table 3. aGVHD frequency and distribution by severity for the groups with standard (calcineurin inhibitor-based)
prophylaxis, and PtCy-administration

| Standard aGVHD prophylaxis | PtCy-based aGVHD prophylaxis | p
Cumulative incidence, %
acute GVHD, number of cases | 47 | 26 | 005
Distribution by severity grades
It 10 (26%) 1(12,5%)
2 13 (33%) 2 (25%)
3 5 (13%) 1(12,5%)
4t 11 (28%) 4 (50%)
Cumulative incidence, %
Skin aGVHD E | » 0,046
Distribution by severity grade
Tt 12 (33%) 2 (33%)
2 9 (24%)
3 13 (35%) 3 (50%)
4t 3 (8%) 1(17%)
Cumulative incidence, %
acute qut GVHD | s | » ns
Distribution by severity grade
It 4 (19%) 1(17%)
2 6 (29%)
3 4 (19%) 2 (33%)
4t 7(33%) 3 (50%)
Cumulative incidence frequency, %
Hepatic aGVHD 7 7 ns
Distribution by severity grade
It 2 (33%) 1(50%)
2n 4 (67%) 1(50%)

1.00 -
MRD, cumulative engraftment - 92%
0.75 1 MUD/MMUD, cumulative engraftment - 84%
050 4 - haplo-donor, cumulative engraftment - 58%
025 4 |
1p=0.05

J:i Figure 3. Cumulative engraftment rate (ordinate) in the
0.00 1 patients is dependent on the donor type

0 200 400 600 800

Follow-up, days
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Discussion

Search for a fully HLA-matched donor for HSCT is critical
to the patients with non-malignant diseases. Due to ethnic
background of the patients with thalassemia, autosomal re-
cessive osteopetrosis etc., they are unlikely to find a compati-
ble donor. Time is also an important factor, especially for the
patients with primary immune deficiencies or storage met-
abolic diseases which extends the prospective for recruit-
ment of alternative stem cell donors [7]. Allo-HSCT from a
nonrelated donor or partially compatible haploidentical do-
nor exhibit comparable survival parameters for the patients
with non-malignant disorders. Under these conditions, the
PtCy-based GHD prophylaxis provides good control of
evolving aGVHD [8]. A higher risk of non-engraftment in
cases of haploidentical donorship could be decreased due
to myeloablative conditioning regimens. The recruitment of
haploidentical donors for HSCT in children with primary
immune deficiencies and sickle-cell anemia have been de-
scribed in present studies [9, 10, 11]. PtCy prophylaxis was
applied in all these cases showing its clinical efficiency. This
approach has additional benefits when applying peripheral
blood stem cells as a source of transplant [8, 12].

Conclusion

aGVHD prevention based on cyclophosphamide prophylax-
is is an effective treatment which may decrease risk of aG-
VHD specially in skin affection when compared to standard
treatment methods based on calcineurin inhibitors. Howev-
er, higher non-engraftment rate can be a potential hazard of
HSCT performed in patients with non-malignant disorders
when using non-myeloablative conditioning regimens and
PtCy-based GVHD prophylaxis.
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[IpopunakTnKa OCTPON peakuun «TpacrnsiaHTaT NnpoTus
X0391Ha» C NpUMeHeHneM uuknodocpamuaa nocne
TPAHCNIAHTALUKU reMOMO3TUYECKMX CTBOSIOBBIX KJTETOK
nauyueHTam C HeomnyxosnesbiMu 3aboneBaHNAMM
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Pe3slome

AjtoreHHast TpaHCITAHTALVISI TEMOIIOITUIECKIX CTBO-
JIOBBIX K/IETOK — 9 PeKTUBHDIIT METOL TepaIny He3/Io-
Ka4eCTBEHHBIX 3a00/IEBAHNIT CHCTEMBI KPOBETBOPEHN
Y HACTIe[CTBEHHBIX CHHAPOMOB. DaKTOPOM, 3HAYMMO
B/IVSIIOLIVM Ha YXYALIEHVE IPOTrHO3a, SIBSIETCS PasBy-
TJie OCTPOJ PeaKIMI «TPAHCIVIAHTAT IPOTHB X035 MHa»
(oPTIIX). Vcrnonb3oBaHue «HOBBIX» CxeM (hapMakKo-
JIOTMYECKON TPOGUIAKTUKY JAHHOTO OCTIOXKHEHWs Ha
OCHOBe IIOCTTPAHCIVIAHTAIIIOHHOTO IUKIodochamuma
(ITTL]) mo3BOIsIET CHUSUTD BEPOSITHOCTD €70 Pa3BUTHA.

LIENb PABOTbI

Ouennts 3¢ pexrnBHOCTD ncmonp3osauyst I1TI] B ka-
gyectBe mpodwrakTuky oPTIIX y manmeHToB ¢ Hesmo-
Ka4eCTBEHHBIMI 3a00/IeBaHMSIMU CUCTEMbBI KPOBETBO-
PeHIA U HaCTIefICTBEHHBIMIU CHMH/IPOMaMIA.

MALWEHTbBI 1 METO[bI

B xmmanke HUW OOTuT um. P. M. Top6aueBoit Ha-
6mroaeTcsi 97 MAIMEHTOB C PaslIMYHBIMM He3JI0Kaye-
CTBEHHBIMI 3a00/IEBAaHVSIMY CUCTEMBI KPOBETBOPEHUS
VI HaCIeACTBEHHBIMY CMHAPOMAaMi, KOTOPBIM B IIEPVOJ
¢ 2005 o mapt 2018 ropma BemmonHeHo 118 amro-TICK.
B xawecrBe mpodmmaktukyu oPTIIX y 89 marmen-
TOB JCIIO/Ib30BA/INICh CXEMBI HA OCHOBE MHIMOUTOPOB
KaJIbIIVHEBPMHA, B 29 cryvaax Ha ocHose IITLI B mose
50 mr/kr Ha JI+3, J1+4.

PE3V/IbTATbI

Kymynarusuas gacrora passutua oPTIIX cocraBuma
32%. [TanmenTs! ¢ ucnonb3oBanuem [1TI] nmenn H1Ke
YPOBEHD JAHHOTO OC/TIO>KHEHM s B CPAaBHEHMN C TPYTINON
cTaHgaprHoil mpodumaktuku (26% vs 47%, p=0,05),
TakKe KyMynaTuBHasA yactora oPTIIX ¢ mopaskeHuem
KOX1 ObUTa 3HaumMo Hipke B rpymme ¢ ITTIT (23% vs
45%, p=0,046), gactoTa passutus oPTIIX ¢ mopaxe-
HIEM >KeTy[JOYHO-KUAIIEYHOr0 TPaKTa, MeYeHM OblIn
COIIOCTaBUMBI B 06eux rpynmnax. [TokasaTeb MpYDKUB-
JIeHNs TPaHCIUIAHTaTa y MallMeHTOB, IOMyYMBIINX He-
MI€/I0a0/TaTUBHbIE PEXVMMBI C OCTEAYIOLIVIM BBEIEeHN -
eM [T 6511 3HAYMMO HIDKE B CPABHEHIH C OCTAJIbHOI
rpymmoit (86 vs 50%p=0,004).

3AKJTIOYEHUE

[Tpodmrakruka oPTIIX Ha ocHoBe IlocTTpaHcmiaH-
TAIMOHHOTO LuKIopochamuna sBaseTcs: 3¢ dexTus-
HBIM METOJIOM, CHIDKAIOUIVM BEPOSATHOCTb Pa3BUTUSA
oPTIIX. OpHako, y NMaIjeHTOB C He3/I0Ka4eCTBEHHBI-
MM 3a00/IeBaHMAMYU HEOOXONMMO YYUTBHIBATb (aKT
BO3MOXKHOTO YBEIMYEHMA YaCTOTHI HEIPVDKUBICHNA
TPAHCIUTAHTATa IPY MCIO/Ib30BAHUY HEMIET0A0IaTIB-
HBIX PEXXVIMOB KOHAUIIVIOHNPOBAHMS U TPODUIAKTUKA
Ha ocHoBe ITTTI.

Kniouesble ¢10Ba

AjoreHHast TpaHCITAaHTALVS TEMOIIOITIYECKIX CTBO-
JIOBBIX KJIETOK, HEOIIyXO/eBble 3a00/eBaHVs, OCTpas
peakIysA «TPaHCIIAaHTAT IIPOTUB XO3SAMHA», HMpodu-
JaKTVKa TMKI0(ochHaMITOM.
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