
6 cttjournal.com       

REVIEW ARTICLE

High-dose immunosuppressive therapy with autologous 
hematopoietic stem cell transplantation in Crohn’s disease
Ekaterina G. Ganich, Alexey Yu. Polushin, Yuri R. Zalyalov, Alexander N. Kulikov, Oksana B. Shchukina, Alexander D. Kulagin

Pavlov University, St. Petersburg, Russia

Correspondence: Dr. Alexey Yu. Polushin, Pavlov University,
6-8 L.Tolstoy St, 197022, St. Petersburg, Russia
Phone: +7 (911) 816-75-59
E-mail: alexpolushin@yandex.ru

SUMMARY
Th e aim of our review was to assess current status of high-dose immunosuppressive therapy with autologous hematopoietic 
stem cell transplantation (HDIT-AHSCT) in the treatment of Crohn’s disease (CD), a chronic intestinal disorder with suffi  cient 
autoimmune component. Over recent decades, an increased incidence of CD was observed. Th e response rate of CD patients 
to conventional biological drugs ranges from 20 to 50%, and up to 80% of patients need surgical treatment. Due to suboptimal 
effi  ciency of therapy, an extensive search for new therapeutic options is underway, including HDIT-AHSCT. In the Russian
Federation, some workers used mesenchymal stem cells for the treatment of CD, however, no data were reported on HDIT-AHSCT 
in infl ammatory bowel diseases (IBD). According to the EBMT Registry, more than 4000 HDIT-AHSCT were performed in 
patients with autoimmune diseases over the period of 1994 to 2023, with proportion of CD patients of about 6% of total case 
number. Most of publications on the use of HDIT-AHSCT in CD were not uniform for the selection and management of pa-
tients. Currently, a single completed randomized clinical trial on the use of HDIT-AHSCT in CD has been published, which did 
not yield defi nite clinical results. However, this treatment option may be considered for a cohort of patients with refractory CD.
Th e review presents clinical indications and original selection criteria for the HDIT-AHSCT protocol.
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INTRODUCTION
Epidemiological data indicate an increase in the incidence of 
infl ammatory bowel diseases (IBD) [1-3]. In particular, clini-
cal course of Crohn’s disease (CD) is also becoming more ag-
gressive. Th e infl ammatory form remains predominant at the 
time of diagnosis, and in a quarter of cases, it is complicated 
by intestinal strictures or penetration within the fi rst year of 
disease [4]. Despite recent advances in biological therapy and 
small molecules in treating severe CD, their effi  ciency is lim-
ited: the response to biological therapy persists for one year in 
25% of patients treated with infl iximab or adalimumab; 32%, 
with vedolizumab, and 53%, with ustekinumab [5-7]. Th e re-
sults of clinical trials with upadacitinib do not exceed 60% [8].

When using second-line therapy, the response rate tends to 
decrease, and 80% of patients eventually require surgical in-
tervention [5-7]. Surgical treatment is not a curative option, 
and repeated surgery is required in 30% of cases [9]. Th ere-
fore, the search for new therapeutic options is continuing.

Th e strategy of high-dose immunosuppressive therapy with 
autologous hematopoietic stem cell transplantation (HDIT-
AHSCT) is actively being studied for autoimmune disorders 
(AIDs) resistant to standard therapy, i.e., multiple sclerosis 
(MS), systemic sclerosis (SSc), type 1 diabetes (T1D), system-
ic lupus erythematosus (SLE) and CD [10]. Th ere is clinical 
experience with HDIT-AHSCT for severe AIDs in Russian 
Federation, but it is mainly limited to MS. To lesser extent, 
this option was used in patients with SLE and rheumatoid 
arthritis [11-15]. In Russian Federation, some researchers
used mesenchymal stem cells for the treatment of CD [16-18], 
but the studies on usage of HDIT-AHSCT (CD34+ hematopoi-
etic cells) in IBD are lacking.

Th is review considers the data from scientifi c publications 
concerning effi  cacy and safety of HDIT-AHSCT in CD, as 
well as indications and patient selection criteria for this treat-
ment mode.
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MAIN STAGES OF HDIT-AHSCT
Th e HDIT-AHSCT procedure consists of several stages: mo-
bilization of autologous hematopoietic stem cells (HSCs), col-
lection of HSCs, cryopreservation of HSCs, immunoablative 
conditioning, and reinfusion of autologous HSCs. Th e scheme 
is presented in Figure 1.

1. Mobilization of Autologous HSCs: Th is step involves stim-
ulating the release of HSCs from the bone marrow into the 
peripheral blood for subsequent collection. Previously, autol-
ogous HSCs were harvested, mainly, by bone marrow aspira-
tion, but in recent years, peripheral blood has become a more 
available HSC source. Granulocyte colony-stimulating fac-
tor (G-CSF) with or without cyclophosphamide (Cy) is used 
for mobilization. Th e use of cyclophosphamide at a dose of
2-4 g/m² for mobilization is based on the concept of lower 
content of immunocompetent cells in the graft . However, 
there is no convincing evidence of increased relapse-free/pro-
gression-free survival in patients with autoimmune diseases 
when using CD34+ selection in the graft  [19-21]. HSC mo-
bilization from peripheral blood is carried out in a hospital 
setting under close supervision, and in cases of Cy usage, an-
tibacterial prophylaxis and treatment of infectious complica-
tions during the neutropenic period are required [19-22].

2. Stem cell apheresis and enrichment: Th is procedure in-
cludes collection of the required number of HSCs as a fraction 
of mononuclear cells from peripheral blood using automat-
ic blood separators. According to EBMT recommendations, 
the minimum required dose of CD34+ cells is 2×106/kg, 
regardless of graft  manipulation, and the optimal dose for 
subsequent engraft ment is considered to be 3-5×106/kg of 
body weight [19-21, 23]. Th e collected graft  may be subject 
to additional ex vivo selection of CD34+ cells. Th eoretically, 
CD34+ cell selection minimizes the number of autoaggres-
sive lymphocytes in the graft . However, none of the analyses 
performed by the European Society for Blood and Marrow 
Transplantation (EBMT) have shown advantages of CD34+ 
cell selection in terms of clinical outcomes, despite signifi -
cantly higher costs for the procedure.

3. Cryopreservation of the graft : Aft er adding 10% dimethyl 
sulfoxide (DMSO) as a cryoprotectant, the obtained graft  can 
be stored for a long time in liquid nitrogen at -180°C [19-21].

4. Conditioning Regimen: Th e HDIT means immunoablative 
cytostatic treatment, in order to deplete autoreactive T- and 
B-lymphocyte clones and promote restoration of near-nor-
mal immune regulation, thus creating a new auto-tolerant 
immune repertoire with reduced infl ammatory background 
leading to long-term remission. Th e eff ect of HDIT-AHSCT 
is based on the immunoablative conditioning regimen, which 
avoids myeloablative doses of chemotherapy and associated 
complications [19-21].

In general, the conditioning regimens can be classifi ed as cyto-
static treatment of diff erent intensity. High-intensity protocols 
may include total body irradiation or high doses of busulfan; 
medium-intensity therapy use cyclophosphamide at a dose of 
200 mg/kg, melphalan, fl udarabine, whereas rituximab and 
low-dose cyclophosphamide are applied in low-intensity reg-
imens [24]. For the treatment of AIDs, medium- and low-in-
tensity protocols are used [25]. Although high-intensity regi-
mens may provide a more eff ective response in AIDs, the risks 
of potential toxicity may outweigh the expected positive eff ect 
of the intervention. Currently, two main protocols are used 
for the treatment of AIDs: BEAM-anti-thymocyte globulin 
(ATG) and cyclophosphamide-ATG (Table 1).

5. AHSCT procedure: It includes thawing and infusion of the 
cell graft  (Day 0). Since the high-dose conditioning with im-
munosuppressants is required to eliminate the autoimmune 
cell repertoire, the re-infusion of autologous HSCs allows 
avoid a prolonged post-cytostatic cytopenia (a complication 
of the conditioning regimen) by faster recovery of both im-
mune and hematopoietic system via re-diversifi cation of the 
pool of naive immunocompetent cells. Aft er AHSCT, repop-
ulation of bone marrow and restoration of hematopoiesis is 
shortly observed, and autotolerant immunity is formed [26].

During the phase of aplastic hematopoiesis until engraft -
ment, supportive therapy is required, including the use of 
broad-spectrum antibiotics, antifungal and antiherpetic 

Table 1: Standard HDIT-AHSCT protocols for the treatment of autoimmune diseases

Note: 1. Th e protocol, in addition to HDIT, includes accompanying therapy at all stages of the procedure; 2. D is the day relative to the day of 
transplantation (transfusion of the thawed graft ), designated as D0.

HDIT protocol Drugs used for conditioning Day (D) Dosage

Cy-ATG:

Cyclophosphamide
Anti-Thymocyte Globulin

Cyclophosphamide D-5,-4,-3,-2 50 mg/kg/day
Antithymocytic globulin 
(ATGAM or
Th ymoglobulin)

D-3,-2,-1 or
D+3,+2,+1 20 mg/kg/day

2.5 mg/kg/day

ВЕАМ-ATG:
Bis-chloroethylnitrosourea (BCNU)
Etoposide
Ara-C (cytosine Arabinoside)
Melphalan

Carmustine
Etoposide
Cytarabine
Melphalan

D-7;
D-6,-5,-4,-3
D-6,-5,-4,-3
D-2 

300 mg/m2

150 mg/m2 × 2 t/d,
200 mg/m2 × 2 t/d,
140 mg/m2

Anti-Thymocyte Globulin
Antithymocyte globulin:
ATGAM or
Th ymoglobulin

D-3,-2,-1 or
D+3,+2,+1

20 mg/kg/day
2.5 mg/kg/day
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Figure 1: Flow chart of HSC mobilization/collection, high-dose immunosuppressive therapy and autologous hematopoietic 
stem cell transplantation
Note: G-CSF, granulocyte colony stimulating factor; CF, cyclophosphamide; HDIT, high-dose immunosuppressive therapy; HSC, hematopoi-
etic stem cells. 

agents, G-CSF, and transfusion support for at least 14 days 
aft er transplantation. Th e engraft ment terms are confi rmed 
at the day when the neutrophil counts exceed 0.5×106/L and 
platelets are >20×106/L for 3 days without supportive therapy 
[20-22].

IMMUNE EFFECTS OF HDIT-AHSCT
TREATMENT IN CROHN’S DISEASE
Immunosuppressive drugs and biological therapy can sup-
press autoimmune reactions at diff erent levels of pathogene-
sis. Th e concept of HDIT-AHSCT presumes a deep impact on 
the course of the disease. Along with depletion of autoaggres-
sive cell clones, it includes a possible “reset” of immunity due 
to destruction of autoreactive immunological memory fol-
lowed by de novo restoration of auto-tolerant immune back-
ground as the basis for achieving sustained remission [27, 28]. 
CD is a disease with a genetic predisposition, and the immune 
reset aft er autologous transplantation seems more appropriate 
in terms of risk-benefi t than allogeneic transplantation with 
complete genotype renewal of the blood system. Allogeneic 
HSCT is currently not recommended for the treatment of CD 
due to the high risk of severe complications and treatment-
related mortality [20, 29]. Th us, the impact of HDIT-AHSCT 
on the immune system presumes correction of both innate 
and acquired immunity with subsequent recovery of auto-
tolerant immune control [21].

Aft er HDIT-AHSCT, all components of innate immunity are 
depleted. Th e granulocyte populations are the fi rst to recover, 
followed by NK cells, and some lymphoid cell clones lack-
ing antigen-specifi c receptors. Th e constitutively activated 
dendritic cells and macrophages secreting pro-infl ammatory 
cytokines in secondary lymphoid organs and mucosal struc-
tures are also inactivated aft er AHSCT, with subsequent re-
newal from the transplanted CD34+ hematopoietic cells [20].

Th e eff ect of HDIT-AHSCT on the acquired immune system 
of CD patients results in elimination of CD4+ Th 17/Th 1 cells, 
along with recovery of the T-cell compartment, including 
Foxp3+ Treg, from the transplanted HSCs with renewal of 
the T-cell receptor (TCR) repertoire by the reactivated thy-
mus [27]. Th us, in patients with refractory CD, a dominant 
expansion of individual T-cell clones was observed in the in-
testinal mucosa before HDIT-AHSCT, then followed by de-
velopment of polyclonal TCR repertoire post-transplant [30]. 
Th e renewal of B-cell populations may be associated with 
return to auto-tolerance state due to the optimization of the 
B-cell receptor repertoire and increased production of IL-10 
by B-regulatory cells [28]. In a study by Corraliza A.M. et al. 
(2019), which examined diff erences in immune cell popula-
tions in peripheral blood and tissues aft er HDIT-AHSCT in 
CD, a signifi cant decrease in the total content of memory T 
cells, neutrophils, and macrophages was shown in the intesti-
nal mucosa of CD patients who responded to HDIT-AHSCT 
with endoscopic intestinal remission. Th is eff ect, unlike the 
depletion of T cells in peripheral blood, was not observed in 
patients who did not respond to HDIT-AHSCT, thus convinc-
ingly indicating that the depletion of T cells in gut mucosa is 
associated with the eff ectiveness of treatment [31].

AHSCT also plays an additional role in the regeneration of 
intestinal mucosa. Active healing of aff ected gastrointestinal 
mucosa begins in CD aft er the restoration of hematopoie-
sis, [21, 22, 32]. Blood precursor cells derived from the bone 
marrow graft  are suggested to integrate into the damaged 
segments of intestinal crypts without the intermediate for-
mation of intestinal stem cells. Th ese cells may subsequently 
divide and diff erentiate into mature epithelial cells [33-35]. 
Hence, the potential mechanisms of the positive impact of 
HDIT-AHSCT on CD are multifaceted and multiple, thus de-
termining the relevance of these studies.
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CLINICAL STUDIES OF HDIT-AHSCT
IN CROHN’S DISEASE
According to the EBMT Registry, from 1994 to 2023, more 
than 4000 HDIT-AHSCT procedures were performed in pa-
tients with AIDs. Th e main indications for HDIT-AHSCT 
were multiple sclerosis, systemic sclerosis, systemic lupus er-
ythematosus, and CD. Th e proportion of CD was 6.13% of all 
transplant procedures performed [10].

Since early 1990’s, the available clinical reports concerned, 
mostly, small series of IBD patients who received HDIT-
AHSCT and subsequently experienced improvement or re-
mission of primary disorder [36-41], as shown in Table 2. 
Th ese data prompted the studies on effi  cacy of HDIT-AHSCT 
as a specifi c therapy for refractory CD.

Th e fi rst study of this kind was the randomized multicenter 
Autologous Stem Cell Transplantation International Crohn’s 
Disease (ASTIC) trial. As Burt et al. (2017) notes, there were 

Table 2: Studies of the HDIT-AHSCT method in refractory CD

Source/ year Type of research Number of patients, 
CD phenotype

Mobilization Conditioning 
regimen

CD34+ 
selection

Results

Burt et al., 2003 
[42]

Clinical case n=2

A1B2L3p
A1B2+3L3+4

Сy 2 g/m2 Cy 200 mg/kg+ 
hATG

yes Withdrawal of immunosuppressive therapy. 
CDAI <100 aft er 6 months, persists for 
12 months. Endoscopic improvement at 6 
months

Kreisel et al., 
2003
[43]

Clinical case n=1

A2B3L3p

Cy 2 g/m2 Cy 200 mg/
kg noATG; the 
stage has been 
postponed for 1 
year.

yes Clinical remission on Prednisone 7.5 mg, 
ASA 2.5 mg/kg aft er the mobilization stage. 
Deterioration aft er 9 months, HSCT was 
performed with the achievement of drug-
free clinical and endoscopic remission 
for 9 months. Th ere was an endoscopic 
deterioration, therapy with prednisone 5 
mg/day, MTX 15 mg/week was resumed

Scime et al., 2004 
[44]

Clinical case n=1

A3B1L2

Cy 2 g/m2 Cy 200 mg/kg+ 
hATG

yes Drug-free clinical remission, endoscopic 
improvement aft er the mobilization stage; 
clinical remission, endoscopic improvement 
for 5 months aft er HSCT

Oyama et al., 
2005 [45]

Observational
prospective
study I

n=12

A1B1L3p
A1B2L2p
A2B2B3L3p
A1B2L2p
A2B1L3p
A2B2L3+4p
A1B2+3L3p
A1B1L1+4p
A2B1L3p
A2B1L2p
A1B2+3L1
A1B2L2p

Cy 2 g/m2 Cy 200 mg/kg+ 
hATG

yes Drug-free clinical remission (CDAI <150), 
endoscopic improvement in 11 out of 12 
patients for 18.5 months (range 7-37 months) 
aft er HDIT-AHSCT. In 1 out of 12 patients, 
clinical and endoscopic deterioration with 
the need for GCs + MTX occurred 15 
months aft er HSCT

Cassinotti et al., 
2008 [46]

Observational
prospective
study

n=4

A1B2L3
A2B1L3p
A2B1L2p
A2B1L3p

Cy 1.5 g/m2 Cy 200 mg/kg+ 
rATG

no Clinical remission in 4 patients, endoscopic 
remission in 2, and endoscopic improvement 
in 1 3 months aft er HSCT. Th ree patients had 
drug-free clinical and endoscopic remission 
for 16.5 months (range 11-20 months) aft er 
HDIT-AHSCT

Burt et al., 2010
[47]

Observational
prospective
study I/II

n=24 (including 12 
from the Oyama 
2005 study)

A1 13 (55%)
A2 11 (45%)
В1 19 (79%)
В2 1 (4%)
В3 4 (17%)
L2 5 (21%)
L3 1 (4%)
L2+4 18 (75%)
р 16 (66%)

Cy 2 g/m2 Cy 200 mg/kg+ 
h/r ATG

yes No need for immunosuppressive therapy 
aft er HSCT: 91% of patients aft er 1 year, 63% 
aft er 2 yes, 57% aft er 3 yes, 39% aft er 4 yes, 
19% aft er 5 years. 
At the end of the follow-up: 9 patients 
without relapses (4 patients in the study 
from 6 to 36 months), 15 resumed therapy, 8 
of them achieved drug-free remission

Hommes et al., 
2011 [48]

Observational
prospective
study

n=3

A3B2+3L1+4
A2B3L2 A2B3L2p

Cy 4 g/m2 Cy 200 mg/kg+ 
hATG

yes Clinical and endoscopic remission in 2 
patients for 5-6 years aft er HDIT-AHSCT 
on BT (started 12-24 months aft er HDIT-
AHSCT). Non-drug clinical and endoscopic 
remission in 1 patient for 2 years aft er the 
mobilization stage, refused conditioning

Ekaterina G. Ganich et al.: High-dose immunosuppressive therapy with autologous hematopoietic stem cell transplantation in Crohn’s disease
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Source/ year Type of research Number of patients, 
CD phenotype

Mobilization Conditioning 
regimen

CD34+ 
selection

Results

Clerici et al., 
2011 [49]

Observational
study

n=6

A2B3L3p
A2B3L2p
A2B3L3p
A2B2L3
A2B3L2p
A2B1L2

Cy 1.5 g/m2 Cy 200 mg/kg+ 
rATG

no Clinical remission in 6 patients, endoscopic 
remission in 4 patients, and endoscopic 
improvement in 2 patients aft er 3 months. 
Drug-free clinical and endoscopic remission 
in 5 patients aft er 12 months. 1 case of 
deterioration that required surgery, followed 
by a complete response to conventional 
therapy

Kountaras et al., 
2011 [50]

Clinicalcase n=1

А2В3L3+4

Cy 4 g/m2 Cy 200 mg/kg+ 
rATG

no Clinical and endoscopic remission for 31 
months

Hasselblatt et al., 
2012 [51]

Observational
prospective
study I/II

n=11 completed 
mobilization, 
(9/11 completed 
conditioning)

A2B3L3
A2B1L2
A2B1L3
A3B1L3L4
A2B3L3p
A2B1L2
A2B2L1L4
A1B3L3р
A2B1L2

Cy 4 g/m2 Cy 200 mg/kg 
noATG

yes Clinical remission in 4 out of 8 patients,
4 showed clinical improvement 6 months 
aft er HSCT. Endoscopic remission in 5 out
of 9 patients, and endoscopic improvement 
in 3 patients aft er 9 months. Relapse in 7 out 
of 9 patients aft er 10.9 months (6-14 months), 
6 of them responded to post-treatment with 
immunosuppressants, 1 responded to BT

Lopez-Garcia
et al., 2017 [52]

Observational
prospective
study

n=35 mobilization 
was completed, 
29 HDIT-AHSCT. 
13 patients were 
included in the 
ASTIC

A28,8 (16.5-49.3)
B1 21 (72%) 
B2 3 (10%) 
B3 5 (17%)
L1 1 (3%) 
L2 7 (24%) 
L3 14 (48%)
L1+L4 1 (3%)
L3+L4 6 (21%)
p 16 (55%)

Cy 4 g/m2 Cy 200 mg/kg+ 
rATG

no Drug-free clinical remission in 70% of 
patients aft er 6 months. Drug-free remission 
(CDAI < 150, SES-CD < 7) in dynamics: 
61% aft er 1 year, 52% aft er 2, 47% aft er 3,
39% aft er 4 and 15% aft er 5 years. Clinical 
and/or endoscopic recurrence in 52% of 
patients occurred on average 53.1 weeks 
aft er HDIT-AHSCT, 80% of them responded 
to TNFi therapy in combination or without 
immunosuppressants, the rest needed 
colectomy. Th e absence of a positive eff ect 
of HDIT-AHSCT on undrained perianal 
lesions

Hernanz et al., 
2018 [53]

A retrospective
study

n=7
mobilization was 
completed, 7 
HDIT-AHSCT
A 26 (16-43)
B1 5 (71%) 
B2 2 (29%) 
B3 0 (0%)
L1 2 (29%) 
L2 4 (57%) 
L3 1 (14%)
p 3 (43%)

Cy 4g/m2 Cy 200 mg/kg+ 
rATG

no Th ree patients (43%) showed clinical and 
endoscopic remission; one patient (14%) 
showed clinical improvement without 
remission, and three patients (43%) 
remained active with the need to resume 
treatment when assessing the initial response 
to HSCT (aft er six months). Symptoms 
recurred in fi ve out of seven patients (71%), 
and all of them had to resume treatment 
aft er an average of 13.8 months (range: 3-30 
months). Only one patient required surgery 
aft er HSCT. At the end of the follow-up, 
aft er an average of 48 months (range: 17-
78 months), 5/7 (71%) patients had clinical 
remission with or without treatment

Note: the phenotype of Crohn’s disease was established according to the generally accepted Montreal Classifi cation (2005), the data were omitted in the absence 
of information about the phenotype; Cy – cyclophosphamide; ATG - antithymocyte globulin (r – rabbit, h – horse); MTX – methotrexate; AZA – azathioprine; 
BT – biological therapy; TNFi – inhibitors of tumor necrosis factor alpha; SGCs – systemic glucocorticosteroids; RCT – randomized controlled trial; CDAI – 
Crohn’s disease activity index, Crohn’s disease activity index; HDIT-AHSCT, high-dose immunosuppressive therapy with autologous hematopoietic stem cell 
transplantation; SES-CD is a simple endoscopic score for Crohn’s disease, a simple endoscopic index of Crohn’s disease activity.

Ekaterina G. Ganich et al.: High-dose immunosuppressive therapy with autologous hematopoietic stem cell transplantation in Crohn’s disease
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fundamental methodological limitations in this study: the use 
of an excessively strict combined endpoint that is not used 
in other studies in CD, which led to a false negative result, 
and the comparison of the HSCT group with a control group 
receiving 50% of the dose of the same drug (cyclophospha-
mide), which made the comparison incorrect [54]. In the 
research which included 45 patients with refractory CD 
(treatment failure with, at least, three immunosuppressive
agents – thiopurines, methotrexate, and infl iximab). [55] All 
patients underwent stem cell mobilization with CF 4 g/m², 
aft er which patients were randomized to the HDIT-AHSCT 
group (n = 23) and the control group (n = 22). Condition-
ing was performed with Cy (200 mg/kg) with ATG; CD34+ 
cell selection was not performed. Th e primary endpoint was 
determined as a sustained disease remission at 12 months 
post-transplant, defi ned as a combination of three compo-
nents: clinical remission (CDAI <150), no active CD ther-
apy for the preceding 3 months, and no mucosal ulceration 
on endoscopy. At the 12-month assessment of the prima-
ry endpoint, it was found that sustained disease remission 
was achieved in only 2 patients in the HDIT-AHSCT group 
(8.7%), compared with 1 patient in the control group (4.5%). 
Secondary endpoint results were as follows: 8 (34.8%) com-
pared with 2 (9.1%) patients were in endoscopic remission 
(ulcer healing); 10 versus 2 patients had CDAI <150; 14 (61%) 
patients aft er HDIT-AHSCT, compared with 5 (23%) patients 
in the control group, did not receive maintenance therapy for 
the subsequent 3 months. As a result, HDIT-AHSCT was not 
recommended for widespread use as a therapy for refractory 
CD [55].

Some authors also noted that it is inappropriate to regard the 
results of ASTIC as unambiguously negative due to the lack 
of supportive therapy aft er HSCT [56]. At the mobilization 
stage and before randomization, all patients received a high 
dose (4 g/m²) of Cy, and the comparison group should be 
considered as another experimental group [22]. Th is fact ex-
plains the high level of adverse events. Aft er the completion 
of the ASTIC study, 17 patients from the comparison group 
underwent HDIT-AHSCT. Analysis of the combined patient 
cohort (as suggested by Burt et al. 2017) showed that 3-month 
steroid-free clinical remission was observed in 13 (38%) of 
34 patients; 16 (43%) of 37 patients were in steroid-free re-
mission for 1 year. Complete endoscopic healing occurred in 
50% of patients, and 47% were considered healthy based on 
endoscopic and radiological assessment at 1 year. Combined 
data show a signifi cant reduction in clinical and endoscop-
ic disease activity at 1 year, this confi rms the potential of the 
method in eliminating the methodological shortcomings of 
the original design of ASTIC [57]. HDIT-AHSCT does not 
provide indefi nite remission, and there is a high frequency 
of drug therapy resumption, but in many cases, sensitivity to 
therapy was restored aft er previous refractory state.

Th e question of the optimal time to start and the need for 
continuing previous basic immunosuppressive therapy aft er 
HDIT-AHSCT remains open. Similar to other AIDs, the use 
of biological therapy is justifi ed if necessary at early inpatient 
stage, or within 12 months aft er HDIT-AHSCT, in order to 
maintain remission [58], but requires special discussion and 
additional studies.

In a retrospective study evaluating the safety and effi  cacy of 
HSCT in patients with CD in Europe, beyond the ASTIC 
study, 82 patients from 19 centers in seven countries, have 
been observed aft er HSCT, according to the EBMT registry 
[59]. Of them, 53/78 patients (68%) had complete remission 
or signifi cant improvement in symptoms with a median fol-
low-up of 41 months [range 6-174 months]. Notably, in 27% 
of cases aft er HSCT, resumption of immunosuppressive drug 
therapy was not required. Among patients previously com-
pletely or partially resistant to treatment, its resumption in 
57% of cases led to the development of disease remission or 
signifi cant regression of symptoms. In 54% of patients, dis-
ease remission was maintained for 1 year aft er HSCT without 
administration of basic therapy. In a multivariate analysis, 
perianal involvement was associated with the need to resume 
CD therapy aft er HSCT (HR, 2.34; 95% CI 1.14-4.83, p=0.02). 
One patient died due to infectious complications (cytomega-
lovirus infection) on day 56 post-transplant [59].

Adverse events are the leading issue of the HDIT-AHSCT ap-
plication in CD, the most important of which are infectious 
complications in presence of cytopenia. In the ASTIC study, 
one fatal outcome was recorded due to sinusoidal obstructive 
syndrome, caused by a high dose of Cy [54], or liver damage 
during sepsis [54]. It was believed that the side eff ects could 
be alleviated by changing the chemotherapy regimen, which 
is why the multicenter randomized clinical trial CT ASTIClite 
was proposed [19]. However, this trial has been early termi-
nated, with only 23 patients enrolled. 13 patients were ran-
domized to the HDIT-AHSCT group and 10 received usual 
care. Only 7 participants in the HDIT-AHSCT group and 6 
in the group with conventional care have completed the study 
at 48 weeks. All patients in the HDIT-AHSCT group experi-
enced, at least, one adverse event (a total of 38 serious adverse 
events), including two patients who died. In the standard care 
group, 4 out of 10 patients experienced side eff ects (a total 
of 16 serious adverse events). Although HDIT-AHSCT with 
ASTIClite protocol reduced Crohn’s disease activity (with en-
doscopic remission in 3 out of 7 patients), the suffi  cient num-
ber of serious and unexpected adverse eff ects means that this 
treatment plan is not suitable for further clinical use [60].

In contrast to traditional conditioning regimens for auto-
HSCT, Burt et al. (2020) proposed a non-myeloablative allo-
geneic approach (Cy 200 mg/kg + fl udarabine 75-125 mg/m2 

+ alemtuzumab 30-90 mg), which, even without implantation 
of donor cells, led to 100% remission in all patients for 5 years 
or more, which has not yet been described for patients aft er 
auto-HSCT. Th is pilot study included 9 patients, 3 of whom 
were transplanted from compatible siblings and 6 patients 
with cord blood cells. Aft er transplantation, patients received 
a calcineurin inhibitor for 6 to 9 months in order to minimize 
the graft -versus-host reaction (GvHD) and graft  rejection. In 
the post-transplant period (aft er 3 months), one fatal case was 
reported due to systemic adenovirus infection aft er contact 
with a patient with adenovirus conjunctivitis and one case of 
chronic GvHD manifested by dry mouth and eyes. Th e results 
of this study indicate a potential role for immune reconstruc-
tion aft er conditioning and subsequent administration of a 
calcineurin inhibitor. Th is study opens up new possibilities 
for optimizing auto-HSCT [67].
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According to a recent systematic review with meta-analysis, 
which included 12 diff erent studies on the use of auto-HSCT in 
refractory CD, the eff ectiveness of the method was confi rmed 
in terms of induction and maintenance of clinical remission, as 
well as for the treatment of perianal fi stulas. Collaborative work 
of the medical team is essential to minimize the risk of adverse 
events and ensure the eff ectiveness of the procedure [61].

CLINICAL CRITERIA FOR HDIT-AHSCT
USAGE IN CD
Th e basic principles of selecting potential candidates for 
HDIT-AHSCT in CD are based on the recommendations of 
the EBMT and European Crohn’s and Colitis Organisation 
(ECCO) [19-21, updated].

Indications for HDIT-AHSCT in CD include:

1. Severe Crohn’s disease with no response to immunosup-
pressive drugs (methylprednisolone at a dose of 1 mg/kg for 
4-6 weeks, inability to discontinue the drug without relapse, or 
the presence of relapse within 1 year aft er completing a course 
of glucocorticosteroids; inability to maintain steroid-free re-
mission with azathioprine at a dose of 1.5-2.5 mg/kg/day, 
mercaptopurine – 0.75-1.5 mg/kg/day, and methotrexate – 
25 mg/week for 16 weeks) and ineffi  cacy of biological drugs 
(primary ineffi  cacy at 12-14 weeks for anti-TNF agents, at 8 
weeks for ustekinumab, and at 14 weeks for vedolizumab, or 
secondary loss of response).

Inclusion Criteria Exclusion Criteria
- Age from 18 to 60 years
- Th e patient must have adequate nutrition and a healthy weight 
(usually BMI > 18.5);
- Diagnosis of CD confi rmed by endoscopic, histological, and/or 
imaging studies;
- Disease duration of at least 6 months;
- Disease extent accessible for endoscopic evaluation (jejunum and 
ileum, ileocecal region, or colon);
- Severe clinical activity of CD with impaired quality of life at any 
time within 3 months prior to enrollment in clinical studies as 
assessed by a gastroenterologist;
- Ineffi  cacy or intolerance to azathioprine, 6-mercaptopurine, or 
methotrexate;
- Ineffi  cacy or intolerance to two classes of biological therapy (BT), 
despite dose optimization;
- Ineligibility for surgical treatment of Crohn’s disease or high risk of 
developing short bowel syndrome;
- Endoscopic confi rmation of disease activity at the screening visit 
(endoscopic assessment by SES-CD ≥ 2 in at least one segment).
SES-CD will be used as an endoscopic evaluation standard for 
patients with diseases of the ileum and/or colon. If the disease 
spreads only proximally to the ileum, the SES-CD will still be used 
to assess the relevant segment of the intestine.

- Ulcerative colitis or indeterminate colitis
- No data on clinical and endoscopic activity of CD at the screening 
visit;
- Inability to diagnose active endoscopic disease due to strictures;
- Undrained perianal fi stulas (patients with prior perianal 
manifestations of CD or current perianal manifestations with 
adequate drainage using setons may be candidates for clinical 
studies);
- Presence of an undrained perianal abscess according to screening 
pelvic MRI;
- Short bowel syndrome;
- Signs of intra-abdominal abscess/infi ltrate according to abdominal 
MRI;
- Active or latent mycobacterial infection;
- History of hepatitis B, hepatitis C, or human immunodefi ciency 
virus infection;
- Signs of intestinal or systemic infection;
- Pregnancy, breastfeeding, or planning pregnancy during the study. 
Current pregnancy will be confi rmed by a pregnancy test during 
screening;
- Unwillingness to use adequate contraception (if necessary) for at 
least 12 months aft er the last dose of the study drug; 
 - Contraindications to the use of cytotoxic or immunotherapy used 
in conditioning regimens; 
- Comorbid chronic or psychiatric diseases; 
- Signifi cant language barriers that may aff ect the participant’s 
understanding of the study or ability to complete outcome 
questionnaires;
- Concurrent participation in another interventional clinical study

Note: AZA – azathioprine, 6-MP – 6-mercaptopurine, MTX – methotrexate, BT – biological therapy, SES-CD – Simple Endoscopic Score for 
Crohn’s Disease, ATG – anti-thymocyte globulin.

Table 3: Inclusion and Exclusion Criteria for Patients for the Use of HDIT-AHSCT in Crohn’s Disease

2. Persistent disease activity: Crohn’s Disease Activity Index 
(CDAI) >250 for 3 months prior to inclusion in the study and 
two of the following parameters: increased C-reactive protein 
levels; endoscopic activity confi rmed by histological examina-
tion; CD activity in the small intestine confi rmed by imaging 
studies (MR enterography or barium passage radiography).

3. Lack of indications and/or ineligibility for surgical treat-
ment of Crohn’s disease: extensive resection with the risk of 
developing short bowel syndrome; patient refusal to undergo 
surgical treatment with stoma placement.

Inclusion and exclusion criteria for the use of HDIT-AHSCT 
are presented in Table 3 [19, 27, 62, updated].

CONCLUSION
HDIT-AHSCT is a promising therapeutic method for pa-
tients with severe refractory Crohn’s disease who suff er from 
a high disease burden and associated poor quality of life. 
HDIT-AHSCT has the potential to induce profound changes 
in the immunopathogenesis of CD patients due to ablation 
of autoreactive immune cells, followed by immune system re-
newal. Immune reconstitution in a signifi cant proportion of 
patients may lead to at least partial restoration of autotoler-
ance, translating into clinical and endoscopic remission and 
restoration of response to immunosuppressive therapy.

According to some, SCT functions as a myeloid-directed cel-
lular therapy in CD involving HSC-associated reconstitution 
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of intestinal macrophages capable of supporting mucosal 
healing. Some fi ndings suggest that future conditioning regi-
mens may improve clinical effi  cacy through plerixafor-based 
mobilisation strategies (cyclophosphomide free) that enrich 
healthy long-term progenitors to facilitate complete immune 
reconstitution [63-66].

Taking into account data on allogeneic transplantation [67] 
requires a revision of traditional ideas about the mechanisms 
of action of HSCT in Crohn’s disease, especially in the context 
of the choice of conditioning regimen.

However, the most eff ective protocol for the treatment of 
Crohn’s disease to date has been shown in the R. Burt’s pilot 
study of nonmyeloablative allogeneic HSCT with unselected 
matched sibling PBSC in three and umbilical cord blood in 
six patients (when a matched sibling donor was not available) 
where remission was observed for more than 5-10 years [67]. 
Despite the fact that in 1997, based on consensus [68], was 
decided that it was inappropriate to use allogeneic HSCT due 
to the high risks of an adverse outcome, modern advances in 
donor typing allow us to discuss the use of this method again 
in order to more eff ectively apply immune reconstruction 
methods in autoimmune diseases.

Given the signifi cant procedure-related risks, HDIT-AHSCT 
should only be performed in specialized centers with multi-
disciplinary expertise and robust safety protocols. Future re-
search directions should focus on:

1) Refi ning patient selection criteria through predictive bio-
markers,
2) Optimizing conditioning regimens to balance effi  cacy 
and safety,
3) Developing standardized protocols for post-transplant 
maintenance therapy.

Further studies on HDIT-AHSCT in CD, aimed at improving 
safety, as well as predicting outcomes and patient selection 
[25], may lead to the expansion of treatment approaches and 
improved outcomes for patients who have exhausted standard 
therapy options.

CONFLICT OF INTEREST
Th e authors declare no confl icts of interest.

REFERENCES
1. Lakatos PL. Recent trends in the epidemiology of infl am-

matory bowel diseases: up or down? World J Gastroenterol. 
2006;12(38):6102-6108. doi: 10.3748/wjg.v12.i38.6102

2. Windsor JW, Kaplan GG. Evolving epidemiology of IBD. 
Curr Gastroenterol Rep. 2019;21(8):40. doi: 10.1007/
s11894-019-0705-6

3. Kuenzig ME, Fung SG, Marderfeld L, Mak JWY, Kaplan 
GG, Ng SC, et al.; Insight Scope Pediatric IBD Epidemi-
ology Group; Benchimol E.I. Twenty-fi rst century trends 
in the global epidemiology of pediatric-onset infl am-
matory bowel disease: Systematic review. Gastroenter-
ology. 2022;162(4):1147-1159.e4. doi: 10.1053/j.gastro.
2021.12.282

4. Aniwan S, Park SH, Loft us EV. Epidemiology, natural 
history, and risk stratifi cation of Crohn’s disease. Gas-
troenterology Clin North Am. 2017;46(3):463-480.
doi: 10.1016/j.gtc.2017.05.003

5. Meade S, Luber RP, Tamilarasan G, Dinneen E, Irving 
PM, Samaan MA. Emerging treatments for Crohn’s dis-
ease: Cells, surgery, and novel therapeutics. EMJ Innova-
tion. 2021;6(1): 49-58. Available: https://www.research-
gate.net/publication/350387203

6. Falloon KA, Fiocchi C. Current Th erapy in Infl ammato-
ry Bowel Disease: Why and How We Need to Change? 
EMJ innov. 2022;6(1):40-49. doi: 10.33590/emjinnov/
21-00134

7. Gomollon F, Dignass A, Annese V, Tilg H, Van Assche G, 
Lindsay JO, et al. ECCO. 3rd European Evidence-based 
Consensus on the Diagnosis and Management of Crohn’s 
Disease 2016: Part 1: Diagnosis and Medical Manage-
ment. J Crohns Colitis. 2017;11(1):3-25. doi: 10.1093/
ecco-jcc/jjw168

8. Peyrin-Biroulet L, Parkes G, Rodríguez C, Siffl  edeen J, 
Wright J, Broide E, Ford S, et al. OP16 Endoscopic and 
clinical outcomes of upadacitinib in patients with mod-
erately to severely active Crohn’s disease by number and 
type of prior biologics. Journal of Crohn’s and Colitis. 
2023;17(1):i20-i22. doi: 10.1093/ecco-jcc/jjac190.0016

9. Torres J, Mehandru S, Colombel JF, Peyrin-Biroulet L. 
Crohn’s disease. Lancet. 2017;389(10080):1741-1755. 
doi: 10.1016/S0140-6736(16)31711-1

10. Alexander T, Greco R. Hematopoietic stem cell trans-
plantation and cellular therapies for autoimmune diseas-
es: overview and future considerations from the Autoim-
mune Diseases Working Party of the European Society 
for Blood and Marrow Transplantation. Bone Marrow 
Transplant. 2022;57(7):1055-1062. doi: 10.1038/s41409-
022-01702-w

11. Sizikova SA, Lisukov IA, Kulagin AD, Kryuchkova IV, 
Gilevich AV, Chernykh ER, et al. High-dose immuno-
suppressive therapy with autologous transplantation he-
matopoietic stem cells in autoimmune diseases. Th era-
peutic Archive. 2002;74(7):22-26 (In Russian).

12. Makarov SV, Rossiev VA, Mishchenko OV, Kozlov VA, 
Semagina OV, Alexandrova IY, et al. Th e role and place 
of high-dose immunosuppressive therapy with autolo-
gous hematopoietic stem cell transplantation in autoim-
mune diseases. Th erapeutic Archive. 2016;88(1):53-59. 
(In Russian). doi: 10.17116/terarkh201688153-59

13. Polushin AY, Zalyalov YR, Gavrilenko AN, Tsynchen-
ko AA, Lopatina EI, Skiba YB, et al. High-dose immu-
nosuppressive therapy with autologous hematopoietic 
stem cell transplantation in multiple sclerosis: prelimi-
nary clinical results of the method testing. Russian Neu-
rological Journal. 2022;27(5):25-35. (In Russian).
doi: 10.30629/2658-7947-2022-27-5-25-35

14. Lisukov IA, Sizikova SA, Kulagin AD, Kruchkova IV, 
Gilevich AV, Konenkova LP, et al. High-dose immuno-
suppression with autologous stem cell transplantation in 
severe refractory systemic lupus erythematosus. Lupus. 
2004;13(2):89-94. doi: 10.1191/0961203304lu491oa

Ekaterina G. Ganich et al.: High-dose immunosuppressive therapy with autologous hematopoietic stem cell transplantation in Crohn’s disease



14 cttjournal.com       

15. Shevchenko YL, Novik AA, Kuznetsov AN, Afanasiev 
BV, Lisukov IA, Kozlov VA, et al. High-dose immu-
nosuppressive therapy with autologous hematopoiet-
ic stem cell transplantation as a treatment option in 
multiple sclerosis. Exp Hematol. 2008;36(8):922-928.
doi: 10.1016/j.exphem.2008.03.001

16. Knyazev OV, Kagramanova AV, Fadeeva NA, Lish-
chinskaya AA, Boldyreva ON, Noskova KK, et al. Mes-
enchymal bone marrow stromal cells and azathioprine 
in the treatment of Crohn’s disease. Th erapeutic Archive. 
2018; 90(2): 47-52 (In Russian).

17. Knyazev OV, Fadeeva NA, Kagramanova AV, Belyakov 
NI, Orlova NV, Leshchinskaya AA, et al. Cellular therapy 
of perianal manifestations of Crohn’s disease. Th erapeu-
tic Archive. 2018; 90(3): 60-66 (In Russian).

18. Konoplyannikov MA, Knyazev OV, Baklaushev VP. Th e 
use of MSC for the treatment of infl ammatory bowel dis-
eases. Clinical practice. 2021; 12(1): 53-65 (In Russian).

19. Snowden JA, Hawkey C, Hind D, Swaby L, Mellor K, 
Emsley R, et al. Autologous Stem Cell Transplantation In 
Refractory CD – Low Intensity Th erapy Evaluation Study 
Investigators; European Society for Blood and Marrow 
Transplantation (EBMT) Autoimmune Diseases Work-
ing Party (ADWP). Autologous stem cell transplantation 
in refractory Crohn’s disease – low intensity therapy eval-
uation (ASTIClite): study protocols for a multicentre, 
randomised controlled trial and observational follow up 
study. BMC Gastroenterol. 2019;19(1):82. doi: 10.1186/
s12876-019-0992-2

20. Snowden JA, Panés J, Alexander T, Allez M, Ardizzone S, 
Dierickx D, et al. European Crohn’s and Colitis Organ-
isation (ECCO); European Society for Blood and Mar-
row Transplantation (EBMT); Autoimmune Diseases 
Working Party (ADWP); Joint Accreditation Committee 
of the International Society for Cellular Th erapy (ISCT) 
and EBMT (JACIE). Autologous Haematopoietic Stem 
Cell Transplantation (AHSCT) in Severe Crohn’s Dis-
ease: A Review on Behalf of ECCO and EBMT. J Crohns 
Colitis. 2018;12(4):476-488. doi: 10.1093/ecco-jcc/jjx184

21. Snowden JA, Sharrack B, Akil M, Kiely DG, Lobo A, Ka-
zmi M, et al. Autologous haematopoietic stem cell trans-
plantation (aHSCT) for severe resistant autoimmune 
and infl ammatory diseases – a guide for the generalist. 
Clin Med (Lond). 2018;18(4):329-334. doi: 10.7861/
clinmedicine.18-4-329

22. DiNicola CA, Zand A, Hommes DW. Autologous hema-
topoietic stem cells for refractory Crohn’s disease. Ex-
pert Opin Biol Th er. 2017;17(5):555-564. doi: 10.1080/
14712598.2017.1305355. 

23. Duran NE, Hommes DW. Stem cell-based therapies in 
infl ammatory bowel disease: promises and pitfalls. Th er-
apeutic Advances in Gastroenterology. 2016;9(4):533-
547. doi: 10.1177/1756283X16642190

24. Polushin AY, Lopatina EI, Zalyalov YR, Tsynchenko AA, 
Totolyan NA, Kulagin AD. High-dose immunosuppres-
sive therapy with autologous hematopoietic stem cells 
transplantation for multiple sclerosis: current view Cell 
Th er Transplant 2022;11(2): 6-15. doi: 10.18620/ctt-1866-
8836-2022-11-2-6-15

25. Polushin AY, Zalyalov YR, Totolyan NA, Kulagin AD, 
Skoromets AA. High-dose immunosuppressive therapy 
with autologous hematopoietic stem cell transplantation 
in multiple sclerosis: prospects for risk reduction. Annals 
of clinical and experimental Neurology. 2022;16(3):53-
64. (In Russian). doi: 10.54101/ACEN.2022.3.7

26. Muraro PA, Martin R, Mancardi GL, Nicholas R, Sorma-
ni MP, Saccardi R. Autologous haematopoietic stem cell 
transplantation for treatment of multiple sclerosis. Nat 
Rev Neurol. 2017; 13(7):391-405. doi: 10.1038/nrneurol.
2017.81.

27. Pockley AG, Lindsay JO, Foulds GA, Rutella S, Gribben 
JG, Alexander T, et al. Immune Reconstitution Aft er Au-
tologous Hematopoietic Stem Cell Transplantation in 
Crohn’s Disease: Current Status and Future Directions. 
A Review on Behalf of the EBMT Autoimmune Diseases 
Working Party and the Autologous Stem Cell Transplan-
tation In Refractory CD-Low Intensity Th erapy Evalu-
ation Study Investigators. Front Immunol. 2018;9:646. 
doi: 10.3389/fi mmu.2018.00646

28. Alexander T, Arnold R, Hiepe F, Radbruch A. Resetting 
the immune system with immunoablation and autolo-
gous haematopoietic stem cell transplantation in auto-
immune diseases. Clin Exp Rheumatol. 2016;34(4 Suppl 
98):53-57. PMID: 27586805

29. Reider S, Binder L, Fürst S, Hatzl S, Blesl A. Hematopoi-
etic stem cell transplantation in refractory Crohn’s dis-
ease: Should it be considered? Cells. 2022;11(21):3463. 
doi: 10.3390/cells11213463

30. Le Bourhis L, Corraliza A, Auzolle C, Ricart E, Hawkey 
C, Lindsay JO, et al. OP004 Resetting of the mucosal T 
cell repertoire aft er hematopoietic stem cell transplanta-
tion in refractory Crohn’s disease. J Crohn’s Colitis. 2017; 
11(1):S2-S3. doi:10.1093/ecco-jcc/jjx002.003

31. Corraliza AM, Ricart E, López-García A, Carme Masa-
munt M, Veny M, Esteller M, et al. Diff erences in pe-
ripheral and tissue immune cell populations following 
haematopoietic stem cell transplantation in Crohn’s 
disease patients. J Crohns Colitis. 2019;13(5):634-647.
doi: 10.1093/ecco-jcc/jjy203

32. Kavanagh DPJ, Kalia N. Hematopoietic stem cell hom-
ing to injured tissues //Stem Cell Reviews and Reports. 
2011;7(3):672-682. doi: 10.1007/s12015-011-9240-z

33. Okamoto R, Matsumoto T, Watanabe M. Regener-
ation of the intestinal epithelia: regulation of bone 
marrow-derived epithelial cell diff erentiation towards 
secretory lineage cells Hum Cell. 2006;19(2):71-75.
doi: 10.1111/j.1749-0774.2006.00010.x

34. Matsumoto T, Okamoto R, Yajima T, Mori T, Okamoto S, 
Ikeda Y, et al. Increase of bone marrow-derived secretory 
lineage epithelial cells during regeneration in the human 
intestine. Gastroenterology. 2005;128(7):1851-1867.
doi: 10.1053/j.gastro.2005.03.085

35. Brittan M, Chance V, Elia G, Poulsom R, Alison MR, 
MacDonald TT, et al. Regenerative role for bone marrow 
following experimental colitis: contribution to neovas-
culogenesis and myofi broblasts. Gastroenterology. 2005; 
128(7):1984-1995. doi: 10.1053/j.gastro.2005.03.028

Ekaterina G. Ganich et al.: High-dose immunosuppressive therapy with autologous hematopoietic stem cell transplantation in Crohn’s disease



15      cttjournal.com

36. Kashyap A, Forman SJ. Autologous bone marrow trans-
plantation for non-Hodgkin’s lymphoma resulting in 
long-term remission of coincidental Crohn’s disease. Br 
J Haematol. 1998;103(3):651-652. doi: 10.1046/j.1365-
2141.1998.01059.x

37. Musso M, Porretto F, Crescimanno A, Bondì F, Polizzi 
V, Scalone R. Crohn’s disease complicated by relapsed 
extranodal Hodgkin’s lymphoma: prolonged com-
plete remission aft er unmanipulated PBPC autotrans-
plant. Bone Marrow Transplant. 2000;26(8):921-923.
doi: 10.1038/sj.bmt.1702621

38. Söderholm JD, Malm C, Juliusson G, Sjödahl R. Long-
term endoscopic remission of crohn disease aft er au-
tologous stem cell transplantation for acute myeloid 
leukaemia. Scand J Gastroenterol. 2002;37(5):613-616.
doi: 10.1080/00365520252903198

39. Castro J, Bentch HL, Smith L. et al. Prolonged clinical 
remission in patients with infl ammatory bowel disease 
(IBD) aft er high dose chemotherapy (HDC) and autol-
ogous blood stem cell transplantation (ABSCT). Blood. 
1996; 88(10):519.

40. Drakos PE, Nagler A, Or R. Case of Crohn’s dis-
ease in bone marrow transplantation. Am J Hematol. 
1993;43(2):157-158. doi: 10.1002/ajh.2830430223

41. Anumakonda V, Hayee B, Chung-Faye G. Remission 
and relapse of Crohn’s disease following autologous 
haematopoietic stem cell transplantation for non-Hod-
gkin’s lymphoma. Gut. 2007; 56(9):1325. doi: 10.1136/
gut.2006.111377

42. Burt RK, Traynor A, Oyama Y, Craig R. High-dose 
immune suppression and autologous hematopoiet-
ic stem cell transplantation in refractory Crohn dis-
ease. Blood. 2003; 101(5):2064-2066. doi: 10.1182/
blood-2002-07-2122

43. Kreisel W, Potthoff  K, Bertz H, Schmitt-Graeff  A, Ruf G, 
Rasenack J, et al. Complete remission of Crohn’s disease 
aft er high-dose cyclophosphamide and autologous stem 
cell transplantation. Bone Marrow Transplant. 2003; 
32(3):337-340. doi: 10.1038/sj.bmt.1704134

44. Scimè R, Cavallaro AM, Tringali S, Santoro A, Rizzo 
A, Montalbano L, et al. Complete clinical remission af-
ter high-dose immune suppression and autologous he-
matopoietic stem cell transplantation in severe Crohn’s 
disease refractory to immunosuppressive and immuno-
modulator therapy. Infl amm Bowel Dis. 2004; 10(6):892-
894. doi: 10.1097/00054725-200411000-00027

45. Oyama Y, Craig RM, Traynor AE, Quigley K, Statkute 
L, Halverson A, et al. Autologous hematopoietic stem 
cell transplantation in patients with refractory Crohn’s 
disease. Gastroenterology. 2005; 128(3):552-563.
doi: 10.1053/j.gastro.2004.11.051

46. Cassinotti A, Annaloro C, Ardizzone S, Onida F, Della 
Volpe A, Clerici M, et al. Autologous haematopoietic 
stem cell transplantation without CD34+ cell selection 
in refractory Crohn’s disease. Gut. 2008; 57(2):211-217. 
doi: 10.1136/gut.2007.128694

47. Burt RK, Craig RM, Milanetti F, Quigley K, Gozdziak 
P, Bucha J, et al. Autologous nonmyeloablative hema-
topoietic stem cell transplantation in patients with se-
vere anti-TNF refractory Crohn disease: long-term 
follow-up. Blood. 2010; 116(26):6123-32. doi: 10.1182/
blood-2010-06-292391

48. Hommes DW, Duijvestein M, Zelinkova Z, Stokkers PC, 
Ley MH, Stoker J, et al. Long-term follow-up of autol-
ogous hematopoietic stem cell transplantation for se-
vere refractory Crohn’s disease. J Crohns Colitis. 2011; 
5(6):543-549. doi: 10.1016/j.crohns.2011.05.004

49. Clerici M, Cassinotti A, Onida F, Trabattoni D, Annal-
oro C, Della Volpe A, et al. Immunomodulatory eff ects 
of unselected haematopoietic stem cells autotransplan-
tation in refractory Crohn’s disease. Dig Liver Dis. 2011; 
43(12):946-952. doi: 10.1016/j.dld.2011.07.021

50. Kountouras J, Sakellari I, Tsarouchas G, Tsiaousi E, Mi-
chael S, Zavos C, et al. Autologous haematopoietic stem 
cell transplantation in a patient with refractory Crohn’s 
disease. J Crohns Colitis. 2011; 5(3):275-276. doi: 10.1016/
j.crohns.2011.03.004

51. Hasselblatt P, Drognitz K, Potthoff  K, Bertz H, Kruis W, 
Schmidt C, et al. Remission of refractory Crohn’s disease 
by high-dose cyclophosphamide and autologous periph-
eral blood stem cell transplantation. Aliment Pharmacol 
Th er. 2012; 36(8):725-735. doi: 10.1111/apt.12032

52. López-García A, Rovira M, Jauregui-Amezaga A, Marín 
P, Barastegui R, Salas A, et al. Autologous haematopoi-
etic stem cell transplantation for refractory Crohn’s Dis-
ease: Effi  cacy in a single-centre cohort. J Crohns Colitis. 
2017; 11(10):1161-1168. doi: 10.1093/ecco-jcc/jjx054

53. Hernanz N, Sierra M, Volpato N, Núñez-Gómez L, Me-
sonero F, Herrera-Puente P, et al. Autologous haemato-
poietic stem cell transplantation in refractory Crohn’s 
disease: Experience in our centre. Gastroenterol Hepa-
tol. 2019; 42:16-22. doi: 10.1016/j.gastrohep.2018.08.004

54. Burt RK, Kaiser RL Jr, Ruiz MA. Stem-cell transplanta-
tion for Crohn’s disease: same authors, diff erent conclu-
sions? Lancet Gastroenterol Hepatol. 2017; 2(6):386-387. 
doi: 10.1016/S2468-1253(17)30076-6. Epub 2017 Apr 6. 
PMID: 28497747

55. Hawkey CJ, Allez M, Clark MM, Labopin M, Lindsay 
JO, Ricart E, et al. Autologous hematopoetic stem cell 
transplantation for refractory Crohn disease: A ran-
domized clinical trial. JAMA. 2015; 314(23):2524-2534.
doi: 10.1001/jama.2015.16700

56. Hommes DW, Lacey PN. Stem cells: HSCT for Crohn’s 
disease: work in progress or a bridge too far? Nat Rev Gas-
troenterol Hepatol. 2016; 13(3):128-130. doi: 10.1038/
nrgastro.2016.22

57. Lindsay JO, Allez M, Clark M, Labopin M, Ricart E, 
Rogler G, et al. ASTIC trial group; European Society 
for Blood and Marrow Transplantation Autoimmune 
Disease Working Party; European Crohn’s and Coli-
tis Organisation. Autologous stem-cell transplantation 
in treatment-refractory Crohn’s disease: an analysis of 
pooled data from the ASTIC trial. Lancet Gastroen-
terol Hepatol. 2017; 2(6):399-406. doi: 10.1016/S2468-
1253(17)30056-0

Ekaterina G. Ganich et al.: High-dose immunosuppressive therapy with autologous hematopoietic stem cell transplantation in Crohn’s disease



16 cttjournal.com       

58. Polushin AY, Zalyalov YR, Totolyan NA, Kulagin AD, 
Skoromets AA. High-dose immunosuppressive therapy 
with autologous hematopoietic stem cell transplantation 
in multiple sclerosis: a modern view of the method (lit-
erature review). Sci Notes of Pavlov Medical University. 
2021; 28(4):9-21 (In Russian). doi: 10.24884/1607-4181-
2021-28-4-9-21

59. Brierley CK, Castilla-Llorente C, Labopin M, Bado-
glio M, Rovira M, Ricart E, et al. European Society for 
Blood and Marrow Transplantation [EBMT] Autoim-
mune Diseases Working Party [ADWP]. Autologous 
Haematopoietic Stem Cell Transplantation for Crohn’s 
Disease: A retrospective survey of long-term outcomes 
from the European Society for Blood and Marrow Trans-
plantation. J Crohns Colitis. 2018; 12(9):1097-1103.
doi: 10.1093/ecco-jcc/jjy069

60. Lindsay J, Din S, Hawkey C, Hind D, Irving P, Lobo A, et 
al. OFR-9 An RCT of autologous stem-cell transplanta-
tion in treatment refractory Crohn’s disease (low-inten-
sity therapy evaluation): ASTICliteGut. 2021;70:A4. 

61. Serrano-Fernandez V, Carmona-Torres JM, Arroyo-Ro-
driguez A, Lopez-Gonzalez A, Rabanales-Sotos J,
Laredo-Aguilera JA. Hematopoietic stem cell transplan-
tation therapy for refractory Crohn’s disease: A systemat-
ic review and meta-analysis. Medicine (Baltimore). 2024; 
103(42):e40144. doi: 10.1097/MD.0000000000040144

62. Farge D, Pugnet G, Allez M, Castilla-Llorente C, Chat-
elus E, Cintas P, et al. MATHEC collaborators. Na-
tional diagnostic and care protocols (NDCP) for he-
matopoietic stem cell transplantation in autoimmune 
diseases. Rev Med Interne. 2024: S0248-8663(24)00001-8.
doi: 10.1016/j.revmed.2023.12.008

63. Giordano A, Rovira M, Veny M, Barastegui R, Marín P, 
Martínez C, et al. Cyclophosphamide-free mobilisation 
increases safety while preserving the effi  cacy of autol-
ogous haematopoietic stem cell transplantation in re-
fractory Crohn’s disease patients. J Crohns Colitis. 2024; 
18(10):1701-1712. doi: 10.1093/ecco-jcc/jjae076

64. Donahue RE, Jin P, Bonifacino AC, Metzger ME, Ren J,
Wang E, et al. Plerixafor (AMD3100) and granulo-
cyte colony-stimulating factor (G-CSF) mobilize dif-
ferent CD34+ cell populations based on global gene 
and microRNA expression signatures. Blood. 2009; 
114(12):2530-2541. doi: 10.1182/blood-2009-04-214403. 
PMID: 19602709

65. Lidonnici MR, Aprile A, Frittoli MC, Mandelli G, Paleari 
Y, Spinelli A, et al. Plerixafor and G-CSF combination 
mobilizes hematopoietic stem and progenitors cells with 
a distinct transcriptional profi le and a reduced in vivo 
homing capacity compared to plerixafor alone. Haema-
tologica. 2017;102(4):e120-e124. doi: 10.3324/haematol.
2016.154740. PMID: 28034992

66. Guisado D, Talware S, Wang X, Davis A, Fozilov E, 
Etra A, et al. Reparative immunological consequences 
of stem cell transplantation as a cellular therapy for re-
fractory Crohn’s disease. Gut. 2025:gutjnl-2024-333558.
doi: 10.1136/gutjnl-2024-333558. PMID: 39961646

67. Burt RK, Craig R, Yun L, Halverson A, Quigley K, Arnau-
tovic I, Han X. A pilot feasibility study of non-myeloab-
lative allogeneic hematopoietic stem cell transplantation 
for refractory Crohn Disease. Bone Marrow Trans-
plant. 2020; 55(12):2343-2346. doi: 10.1038/s41409-
020-0953-y. PMID: 32467584

68. Tyndall A, Gratwohl A. Blood and marrow stem cell 
transplants in auto-immune disease: a consensus report 
written on behalf of the European League against Rheu-
matism (EULAR) and the European Group for Blood and 
Marrow Transplantation (EBMT). Bone Marrow Trans-
plant. 1997; 19(7):643-5. doi: 10.1038/sj.bmt.1700727. 
PMID: 9156239

Ekaterina G. Ganich et al.: High-dose immunosuppressive therapy with autologous hematopoietic stem cell transplantation in Crohn’s disease


