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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory bowel disease 
(IBD) of a multifactor pathogenesis and progressive nature that can 
affect any part of the gastrointestinal (GI) tract(1, 2). The etiology of 
CD remains unknown, but genetic, epigenetic, and environmental 
factors affect the immune response to intestinal microorganisms(3-5). 
IBD is characterized by periods of activity and remission, and its 
global prevalence has been increasing since 2000 and now affects 
12 to 38 per every 100,000 individuals in Brazil(6-8). CD significantly 
impacts the quality of life and productivity, resulting in social and 
economic implications(9-12).

CD can affect individuals of any age but most often presents 
in patients younger than 30 years, although the incidence in older 
individuals has increased(13). The transmural behavior of CD results 
in an inflammatory, fibrostenotic, or penetrating phenotype, with 
progressive bowel damage and disability(14). According to popula-
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tion data, about 50% of adults with CD will experience some intes-
tinal complication within 20 years after diagnosis. Almost half  will 
need surgery within ten years. The risk of postoperative recurrence 
can reach 45–55% in 10 years(1, 15). It is essential to remember that 
surgery is not curative, and patients still require ongoing pharma-
cologic therapy due to disease recurrence(16). Only 10% of patients 
will have sustained clinical remission in the long term(17).

Treatment for CD 
Treatment for patients with CD depends on disease severity, 

patient risk stratification, patient preference, and clinical factors, 
including age at onset, the extent of the disease, and complications. 
The treatment repertoire includes steroids, immunomodulators, 
monoclonal antibody therapies, and surgery(1, 18-21).

Medical treatment for CD has changed substantially over the 
past two decades. Biological drugs, including tumor necrosis fac-
tor blockers (anti-TNF) and novel biologics, such as anti-integrins 
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and anti-interleukins, have revolutionized treatment for CD(2), pro-
moting the control of intestinal inflammation and, consequently, 
preventing or at least delaying progressive intestinal damage(22, 23). 
The target is deep remission,  defined as both symptomatic and 
endoscopic remission. In addition, Transmural and mucosal heal-
ing (respectively assessed by cross-sectional imaging techniques 
and histology) have also been associated with deep remission(1).

Despite the effectiveness of biological drugs, between 10 and 
40% of patients with IBD have no primary response(23). Moreover, 
among the patients who initially respond to anti-TNF therapy, up 
to 50% of patients may experience secondary loss of response in 
the first year of treatment, leading to the need for the intensification 
or interruption of this therapy(23). Treatment-refractory CD results 
in digestive tract damage that manifests as strictures, short bowel 
syndrome, and the need for a stoma. These aspects are associated 
with reducing the quality of  life, recurrent hospitalizations, and 
increased mortality(24, 25).

Surgical treatment is indicated for a perianal CD to control 
infectious complications combined with medical therapy to pre-
vent luminal activity and treat complications, such as abscesses, 
strictures, fistulas, colorectal dysplasia, or cancer(19). Moreover, 
patients who have an inadequate response to multiple biologic 
treatment classes and nonadherent individuals should be consid-
ered for surgery(14).

There is no curative treatment for CD, and therapeutic options 
are lacking for patients with advanced or long-term illness or un-
dergone various surgical approaches and multiple drug treatments. 
Due to the high morbidity and mortality rates in these refractory 
patients, require novel therapeutic options like hematopoietic stem 
cell transplantation (HSCT) has been shown to reboot the immune 
system(26-28).

HSCT and CD 
In 1993, Drako reported the first HSCT in a patient with CD 

who developed non-Hodgkin’s lymphoma. As a result, the remis-
sion of both diseases occurred and remained many years after the 
procedure(29). Numerous autologous and allogeneic transplants have 
since been performed in patients with CD and coincidental hema-
tological or malignant conditions, achieving clinical remissions and 
demonstrating encouraging results for both diseases (TABLE 1).

These results paved the way for autologous HSCT in patients 
with CD. Reports the first cases described in 2003(43-45) followed by 
several case series addressing various aspects related to the toxicity 
of the procedure and immunological recovery. Burt et al. described 
the control of the disease in 24 CD patients in a 5-year follow-up. 
The previous treatment of these patients was discontinued after 
autologous HSCT(46).

Only one randomized controlled trial has been completed to 
date – the Autologous Stem Cell International Crohn’s Disease (AS-
TIC) trial(47). Forty-five patients with active disease and impaired 
quality of life despite having tried at least one immunosuppressive 
and two biological treatments were eligible. The patients were di-
vided into two groups: mobilization and HSCT versus mobilization 
alone, followed by conventional therapy. The trial failed to meet its 
primary endpoint of a clinical and endoscopic ‘cure’ after 1 year 
(freedom from the disease in imaging and endoscopic analyses), 
Crohn’s Disease Activity Index (CDAI) <150 and no endoscopic 
or radiological evidence of intestinal inflammation in patients who 
performed HSCT(47). A secondary analysis considering traditional 
endpoints in CD clinical trials showed superior results in the autolo-

gous HSCT group for clinical and endoscopic endpoints, although 
associated with a high occurrence of adverse events(25).

The long-term outcome after HSCT is reported in a single-
center cohort of  29 CD patients in Barcelona refractory to at 
least two biological therapies. One patient died due to systemic 
cytomegalovirus (CMV) infection, and another one required an 
urgent colectomy for colitis with CMV and Epstein-Barr virus 
(EBV). Drug-free clinical and endoscopic remission [CDAI <150, 
Simple Endoscopic Score for Crohn’s Disease (SES-CD) <7] was 
found in 61% at 1 year, 52% at 2 years, 47% at 3 years, 39% at 4 years 
and 15% at 5 years. HSCT appeared to be effective at controlling 
refractory CD: 68% experienced complete remission or significant 
improvement in symptoms in a median follow-up period of  41 
months; 27% required no medical therapy at any point post-HSCT. 
Treatment-free survival at 1 year was 54%(48). 

Hernanz et al.(49) published a single-center experience in Madrid 
with seven patients who received HSCT due to refractory CD. Three 
(43%) patients had clinical and endoscopic remission, 1 (14%) 
patient showed clinical improvement without remission and the 
disease remained active in 3 (43%) patients, with the need to restart 
treatment at the assessment of the initial response to HSCT (after 
6 months). Symptoms recurred in five of the 7 (71%) patients, all 
of whom had to restart medical treatment after an average of 13.8 
months (range: 3–30 months). Only one patient required surgery 
after HSCT. At the end of follow-up after a mean of 48 months 
(range: 17–78 months), 5 (71%) of the seven patients were in clinical 
remission with or without treatment(49). 

Considering the studies described above, CD is the third most 
common indication for HSCT in autoimmune disease after multiple 
sclerosis and systemic sclerosis(50). These studies are summarized 
in TABLE 2.

Objectives
This report is a review and position paper from the Transplan-

tation Committee of the Brazilian Group of Inflammatory Bowel 
Diseases (GEDIIB) and aims to update and discuss the current 
state of HSCT in the treatment of CD.

Questions and points to highlights regarding HSCT in CD
After an initial presentation on CD and HSCT, the GEDIIB 

Transplantation Committee developed relevant questions and 
points to be discussed on the topic to achieve the objectives pro-
posed in this report.

What are the background and experimental justification 
for the use of HSCT in the treatment of CD?

HSCT in the treatment of CD is based on experimental studies 
that justify the procedure in the treatment of  autoimmune dis-
eases(64,65). Syngeneic cells derived from bone marrow marked with 
green fluorescence protein occupied 37.6% and 4.25% of the colon 
epithelium on the 28th and 56th day after bone marrow transplan-
tation. Moreover, significant amounts of mucosal and submucosal 
interstitial cells were derived from the bone marrow. These data 
indicate the participation of infused cells in tissue regeneration(66). 

Stem cells and endothelial progenitor cells contribute to tissue 
regeneration through neo-angiogenesis or neo-vasculogenesis in 
ischemia-related or inflammatory diseases. Epithelial repair oc-
curs with the recruitment of cells to the damaged digestive tract 
in the large intestine, which facilitates mucosal repair in moderate 
to severe colitis(67). In non-myeloablative HSCT, an increase in 
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TABLE 1. Summary of Hematopoietic Stem Cell Transplants in Patients with Crohn’s Disease and Coincidental Diseases.

Reference HSCT type #of pts Indication Outcome

Drakos 1993(29) Autologous 1 NHL Remission of both diseases at 6 months

Castro 1996(30) Autologous 1 Breast cancer Remission of both diseases at 7 years

Talbot 1998(31) Allogeneic 1 AL Remission of both diseases  >8 years

Lopez-Cubero 1998(32) Allogeneic 1 AML CD Remission between 4,5 to 15 years and one patient 
relapsed CD 1,5 years after HSCT5 CML

Kashyap 1998(33) Autologous 1 LNH Remission both disease >7 years

Musso 2000(34) Autologous 1 HL Remission of both diseases for >3years

Soderhölm 2002(35) Autologous 1 AML Remission of both diseases for >5 years

Ditschowski 2003(36)

Allogeneic 1 AML
10 pts alive without IBD symptoms after 34 months.  

One patient with mild persistent symptoms of  
Crohn’s disease early after transplant

7 CD pts 9 CML

4 UC pts 1 Secondary MDS

Anumakonda(37) Autologous 1 NHL Relapsed CD after 8 years HSCT

Nishimoto 2013(38) Allogeneic 1 AML Remission of both diseases for 20 months

Hu 2014(39) Allogeneic 1 MDS Remission of both diseases for 25 months

Rabian 2016(40) Allogeneic

9 AL

59% Overall survival for 48 months. Status: ND
7 MDS/MPL

1 NHL

1 MM

Zhang 2020(41) Allogeneic 1 MDS Death, 125 d. after HSCT with pulmonary mucormycosis

HSCT: hematopoietic stem cell transplantation; pts: patients; NHL: non-Hodgkin lymphoma; AL: acute leukemia; AML: acute myeloid leukemia; CD: Crohn’s disease; CML: chronic myeloid 
leukemia; MDS: myelodysplastic syndrome, MPL: myeloproliferative syndrome; MM: multiple myeloma; Nd: not described. #number; >up. Adapted from Ruiz MA et al.(42).
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TABLE 2. Summary of case series, prospective clinical trials and randomized studies on autologous HSCT in patients with CD.

Reference #pts Mobilization Conditioning Outcome

Burt 2003(45)* 2 CY 2g/m2 CY 200 mg/kg hATG 90 mg/kg Remission for 1 year – no histologic remission

Kreisel 2003(43) 1 CY 4g/m2 CY 200 mg/kg Relapsed 9 m after mobilization. Clinical remission for 
9 months - no histologic remission

Craig 2003(44)* 4 CY 2g/m2 CY 200 mg/kg hATG 90 mg/kg CDAI remission at 11 months - no endoscopic 
remission

Scimè 2004(51) 1 CY 2g/m2 CY 200 mg/kg ND

Oyama 2005(52)** 12 CY 2g/m2 CY 200 mg/kg hATG 90 mg/kg 11/12 CDAI <150 clinical remission for mean of 18.5 
months – endoscopic remission rare

Cassinotti 2008(53)* 4 CY 1.5/m2 CY 200 mg/kg rATG 7.5 mg/kg 3/4 (75%) clinical (CDAI <150) and endoscopic 
remission at mean of 16.5 months

Burt 2010(46)* 24 CY 2 g/m2 CY 200 mg/kg hATG 90 mg/kg or 
rATG 6.0 mg/kg

CDAI <150 in 91%, 63%, 57%, 39% and 19% at 1, 2, 
3, 4, and 5 years, respectively - no histologic remission

Clerici 2011(54)* 6 CY 1.5/m2 CY 200 mg/kg rATG 7.5 mg/kg CDAI and endoscopic remission in 5/6 at 1 year. 
TNFα, IL-10 decreased at 1 year

Hommes 2011(55)** 3 CY 4g/m2 CY 200 mg/kg hATG 90 mg/kg 1 patient mobilized only - relapsed after 2 years 2 of 3 
underwent HSCT – relapsed at 6 and 12 months

Kountouras 
2011(56)* 1 CY 4g/m2 CY 200 mg/kg rATG 10 mg/kg Clinical, endoscopic, histologic remission for 31 

months

Hasselblatt 
2012(57)** 12 CY 4g/m2 CY 200 mg/kg

12 mobilized, 9 underwent HSCT – 5/9 clinical end 
endoscopic remission at 6 months, 7/9 relapsed by 12 

months
Kriván 2014(58)* 1 CY 2 g/m2 CY 200 mg/kg hATG 30 mg/kg Relapsed at 1 year

Snowden 2014(59)* 6 CY 4g/m2 CY 200 mg/kg rATG 7.5 mg/kg Median time to relapse: 10 months

Hawkey 2015(47)*** 45 CY 4g/m2 CY 200 mg/kg rATG 6.5 mg/kg
Complex end point CDAI <150, no immune drugs, 
no endoscopic or radiologic disease – not significant 

compared to control

Ruiz 2015(60) 1 CY 2g/m2 CY 200 mg/kg rATG 6.5 mg/kg Clinical, endoscopic, histologic remission for 7 years

Lopez-Garcia  
2017(61)** 35 CY 4g/m2 CY 200 mg/kg rATG 6.5 mg/kg CDAI <150 and SES <7 in 61%, 52%, 47%, 39%, 

15% at 1, 2, 3, 4, and 5 years, respectively

Lindsay 2017(25)** 40 CY 4g/m2 CY 200 mg/kg rATG 6.5 mg/kg CDAI <150 (steroid free) at 1 year in 38%

Ruiz 20107(28)** 14 CY 2g/m2 CY 200 mg/kg rATG 6.5 mg/kg 13/14 in remission CDAI <150 at 30 days

Ruiz 2017(62)* 1 CY 2g/m2 CY 200 mg/kg rATG 6.5 mg/kg Clinical remission at 1 year, no endoscopic remission

Hernanz 2019(49)* 7 CY 4g/m2 CY 200 mg/kg rATG (ND) 5/7 (71%) relapsed after mean of 13.8 months

Ruiz 2020(63)** 50 CY 2g/m2 Cy200 mg/kg rATG 6.5 mg/kg CDAI <150 in 97%, 80%, 65%, 38% and 20% at 1, 
2, 3, 4, and 5 years, respectively

CD: Crohn’s disease; CDAI: Crohn’s Disease Activity Index; CY: cyclophosphamide; hATG: horse anti-thymocyte globulin; HSCT: hematopoietic stem cell transplantation; ND: not done or not 
reported; pts: patients; SES: simple endoscopic score; TNF: tumor necrosis factor. *Case series; **prospective clinical trials; ***randomized studies. Adapted from Ruiz, MA et al.(42).
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survival, remission of clinical activity and a significant reduction 
in the histological severity score occur 35 days after the proce-
dure(26). Genetically marked cells are detected in the submucosa 
of the damaged colon epithelium, along with tissue regeneration 
induced by probable vasculogenesis and/or the differentiation of 
the transplanted stem cells into endothelial cells and increased 
microcirculation at the injured site(68).

A Brazilian study mimicked what happens in autologous non-
myeloablative HSCT, lending support to previously described data 
in addition to concluding the benefits of the procedure when using 
isolated cyclophosphamide as well as superiority in the group in 
which hematopoietic stem cell infusion was also performed after 
the conditioning regimen(69).

What are the clinical justifications for the use of HSCT in 
the treatment of CD?

The rationale behind HSCT is based on the concept of  im-
munoablation using high-dose chemotherapy, with subsequent 
regeneration of naive T-lymphocytes derived from re-infused he-
matopoietic progenitor cells (HPCs)(70). The consideration of HSCT 
in patients with CD should be based on five pillars: the correct 
diagnosis of CD, evidence of inflammatory activity, severe disease, 
inadequate response to medical therapies and contraindication or 
patient refusal regarding surgery(26). The proper selection and best 
moment for HSCT to avoid advanced disabling disease exerts an 
influence on results and quality of life. 

The definition of an inadequate response to each drug class 
is mandatory and displayed in TABLE 3. For corticosteroids, a 
refractory patient is one with an inability to withdraw from meth-
ylprednisolone (1 mg/kg) after four to 6 weeks without relapse 
or having a relapse within 1 year after completing a course of 
corticosteroids(1). For immunosuppressants, azathioprine should 
be used at doses of  1.5 to 2.5 mg/kg/day, mercaptopurine at 
0.75 to 1.5 mg/kg/day and intramuscular methotrexate at 25 mg/
week. Failure to achieve steroid-free remission after 16 weeks of 
therapy with these immunosuppressants should be considered an 
inadequate response(1). Regarding biological drugs, the response 
should be evaluated at week 12 to 14 for TNF inhibitors(1), week 

eight for ustekinumab(71) and week 14 for vedolizumab (after an 
additional administration of 300 mg of vedolizumab from week 
10 in non-responders)(72). In patients not responding to induction 
therapy with a biological agent and those losing response without 
signs of intolerance, treatment should be intensified to the highest 
approved dose, possibly guided by therapeutic trough levels and 
the potential presence of anti-drug antibodies. The confirmation of 
therapeutic drug levels is necessary before patients are considered 
resistant to anti-TNF therapy. If  a response is not obtained after 
intensification or the response is insufficient, the first option should 
be switching to another biological class not previously used(1). If  
several biological drugs, immunosuppressants and corticosteroids 
have failed, the patient could be a candidate for HSCT(26).

What are the indications for HSCT in the treatment of CD?
Clinical active disease should be proved by endoscopic 

exams (diseased tissue should be accessible endoscopically for 
objective histological study), biomarkers and/or cross-section 
exams(TABLE 4). Patients with severe disease, with more than one 
exacerbation/year despite optimized treatment, with the failure of 
two biological drugs including one TNF blocker (preference for 
infliximab) and contraindication to surgery(26), specially when there 
is an increased risk of developing short bowel syndrome; colonic/
perianal refractory CD when the patient does not give consent for 
the creation of a stoma; or patient refusal for surgery with a previ-
ous Form of Assignment Agreement. These criteria are described 
in TABLE 4.

TABLE 3. Definitions criteria for inadequate or loss of response to drugs 
in CD treatment(1,73).

Drug Criteria

Corticosteroids Inability to withdraw from 
methylprednisolone (1 mg/kg) after 
4–6 weeks without relapse or having 
relapse within 1 year of completing 
course of corticosteroids.

Methylprednisolone 1 mg/kg

Immunosuppressors
Failure to achieve steroid-free 
remission after 16 weeks of therapy.

Azathioprine (2.0–2.5 mg/
kg/day) or 6-mercaptopurine 
(0.75–1.5 mg/kg/day)

Biologic Therapy

   TNF inhibitors at week 12 to 14.

   Ustekinumab at week 8.

   Vedolizumab

at week 14, after additional 
administration of 300 mg of 
vedolizumab from week 10 in non-
responders.

CD: Crohn’s disease; TNF: tumor necrosis factor.

TABLE 4. Inclusion criteria for autologous HSCT in patients with CD.

CD confirmed 
diagnosis

By clinical, endoscopic methods (endoscopy/
colonoscopy/enteroscopy), histology, laboratorial 
(inflammatory markers) and cross-sectional 
imaging (CT or MRI enterography, bowel 
ultrasound).

Clinically active 
disease

CDAI >150.

HBI >8.

CCSI >15.

Endoscopic 
active disease

Ileal or ileocolonic disease: SES-CD ≥7 or CDEIS 
≥9.

For jejunoileal disease: Lewis ≥790.

CECDAI >9.2.

Esophageal, gastroduodenal disease: visual aspect 
of ulcers.

Refractory 
disease (at least 1 
relapse/year)

Refractory or intolerant to immunosuppressors: 
azathioprine, 6-mercaptopurine and/or 
methotrexate or cyclosporine.

Refractory or intolerant to at least two biologic 
therapies (anti-TNF therapy, anti-integrin or 
anti-IL12/IL23), one of which is TNF blocker 
(infliximab or adalimumab); all with optimized 
dose.

Surgery criteria
Candidate for whom surgery is considered not 
appropriate or has been declined.

Refusal to accept proposed mutilating surgery.

CD: Crohn’s disease; HSCT: hematopoietic stem cell transplantation; CDAI: Crohn’s Disease 
Activity Index; HBI: Harvey-Bradshaw Index; CCSI: Craig Crohn’s Severity Index; SES-CD: 
Simplified Endoscopic Score for Crohn’s Disease; CDEIS: Crohn’s Disease Endoscopic Index 
of Severity; CECDAI: Capsule Endoscopy Crohn’s Disease Activity Index.
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The ASTIC trial reported 50% mucosal healing one year after 
HSCT in a population of refractory patients to all available thera-
peutic options(47). Moreover, in the largest single-center cohort study 
published to date, HSCT achieved drug-free endoscopic remission 
in 60% of patients at the one year of follow-up. Although these 
data are uncontrolled, they enable viewing the outcome of HSCT 
in the context of reports of novel biological therapies(74).

What are the contra-indications of HSCT in the  
treatment of CD?

In the majority of the studies, patients were excluded if  they 
had organ failure or other severe comorbidities, active infection, 
increased infectious risk as hepatitis B and C virus, HIV, human 
T-lymphotropic virus (HTLV), American trypanosomiasis (Chagas 
disease), Treponema pallidum, latent tuberculosis, malnutrition 
(body mass index ≤18 kg/m2 and serum albumin ≤20 g/L) or if  
they were pregnant or unwilling to use contraception during the 
study. An infection-orientated medical history and determination 
of CMV, EBV, herpes simplex virus (HSV), varicella zoster virus 
(VZV) and Toxoplasma gondii serology are also important(26). All 
patients should be tested for SARS-CoV-2 and the test results 
should be negative before starting HSCT. Many centers also include 
a pre-transplant dental assessment, although divergent opinions are 
found regarding the benefits of such an evaluation. Finally, fertility 
issues need to be discussed with patients in the reproductive period 
of life, with the consideration of semen cryopreservation in males 
and reproductive medicine consultation in females. The prospect 
of  premature menopause also requires counseling and plans for 
hormone replacement therapy, when appropriate(26).

Pre-existing hematologic malignancies are not a contraindica-
tion for HSTC(40). On the other hand, non-hematologic malignant 
neoplasms are considered absolute contraindications if  less than 
five years since the diagnosis.

In patients with predicted risk for pulmonary complications, 
a post-transplantation diffusing capacity of the lungs for carbon 
monoxide <50% and Tiffeneau index (FEV1/FVC ratio) <60% 
are proposed as relative contraindications for HSCT(26). Many 
transplant centers do not proceed HSCT in patients with a left 
ventricular ejection fraction (LVEF) <45%, making it necessary to 
perform electrocardiography and transthoracic echocardiography 
to assess this factor. Pre-transplant laboratory exams are recom-
mended for the assessment of impaired kidney or liver function, 
low serum ferritin and anemia of any cause, which are considered 
risk factors for various unfavorable transplant outcomes. A full 
blood count and protein electrophoresis may be used to guide the 
decision to perform a bone marrow examination prior to HSCT. 
Hematinics and coagulation should be checked routinely and 
vitamin deficiencies should be corrected(26). TABLE 5 presents the 
exclusion criteria for HSCT in patients with CD.

What are cautions should be exercised when performing 
HSCT during coronavirus 19 (COVID-19) pandemic?

Since the end of  2019, the world has been affected by the 
coronavirus 19 (COVID 19), which is responsible for a systemic 
infection denominated severe acute respiratory coronavirus 2 
(SARS-COV-2)(75,76). Managing IBD during the COVID-19 pan-
demic has been a challenge for clinicians and their patients(77). Due 
to the characteristics of the global pandemic, it is necessary to know 
about the virus, its mechanism of action, the impact it could have on 
patients with IBD and the measures to be taken regarding patients 

TABLE 5. Exclusion criteria for autologous HSCT in patients with CD.

Comorbidities

Renal: creatinine clearance <40 mL/min (measured 
or estimated).
Cardiac: clinical evidence of refractory congestive 
heart failure, left ventricular ejection fraction 
<45% by multigated radionuclide angiography or 
cardiac echo; uncontrolled ventricular arrhythmia; 
pericardial effusion with hemodynamic consequences 
evaluated by experienced echocardiographer.
Hepatic: AST >2 times upper limit of normal.
Concurrent neoplasms.
Bone marrow insufficiency defined as neutropenia 
with absolute neutrophil count <1 × 109/L or 
thrombocytopenia with a platelet count <50 × 109/L 
or anemia with hemoglobin <80 g/L.
Uncontrolled hypertension, defined as resting 
systolic blood pressure ≥140 mmHg and/or resting 
diastolic pressure ≥90 mmHg despite at least 2 anti-
hypertensive agents.
Uncontrolled acute or chronic infection with HCV, 
HBV, HIV, HTLV – 1 or 2, hepatitis viruses, Chagas 
Disease, SARS-CoV-2 or any other infection.
Other chronic diseases causing significant organ 
failure, including established cirrhosis with evidence 
of impaired synthetic function in biochemical 
testing and known respiratory disease causing 
resting arterial oxygen tension < 8 kPa or CO

2
 

tension >6.7 kPa. FEV
1
/FVC <50%.

Past history
Active or latent mycobacterial infection.
Prior exposure to HBV, HCV or HIV 1+2.

Increased risk 
of infection

Positive or indeterminate serology: CMV, 
toxoplasmosis, HSV, SARS-COV2.
Evidence of enteric or systemic infection.

Disease profile

No evidence of active CD in CDAI, HBI or CCSI or 
endoscopic screening.
Inability to assess endoscopic active disease due to 
strictures.
Evidence of intra-abdominal sepsis on abdominal 
MRI.
Undrained perianal fistulae (patients with previous 
perianal disease or perianal disease adequately 
drained with seton in situ are eligible).
Presence of undrained perianal sepsis on screening 
pelvic MRI.

Others

Participants currently pregnant, breastfeeding 
or planning pregnancy within duration of study. 
Current pregnancy confirmed with pregnancy test at 
screening assessment.
Unwilling to use adequate contraception (if 
appropriate) for at least 12 months after last dose of 
study drug.
Contraindication to use of CY, fludarabine, G-CSF 
or rATG.
Psychiatric comorbidity.

CD: Crohn’s disease. HSCT: hematopoietic stem cell transplantation; AST: aspartate tran-
saminase; HCV: hepatitis C virus; HIV: human immunodeficiency virus; HBV: hepatitis B 
virus; HTLV: human T-cell leukemia-lymphoma virus; SARS-CoV-2: severe acute respiratory 
syndrome coronavirus 2; CO

2
: carbon dioxide; kPa: kilopascal; FEV

1
/FVC: forced expiration/

forced vital capacity in first second; CMV: cytomegalovirus; HSV: herpes simplex virus; CDAI: 
Crohn’s Disease Activity Index; HBI: Harvey-Bradshaw index; CCSI: Craig Crohn’s Severity 
Index; MRI: magnetic resonance image; CY: cyclophosphamide; G-CSF: granulocyte colony-
-stimulating factor; rATG: rabbit antithymocyte globulin.
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already submitted to or candidates for HSCT. Although patients 
with IBD do not appear to be at increased risk for COVID-19, 
the potential impact of immunosuppressive therapies on patients 
with CD infected with SARS-CoV2 is a call for concern among 
clinicians and patients(77).

Understanding the outcomes and immunologic characteris-
tics of cellular therapy recipients with SARS-CoV-2 is crucial to 
performing such therapies, including HSCT, in the COVID era(78). 
It was previously reported that autologous HSCT has favorable 
clinical outcomes for patients with COVID-19 without active ma-
lignancy(78). The answer to these questions is pending, but there is 
no evidence or reports of increased risk for COVID-19 in patients 
with CD or those undergoing biological treatments(79).

All patients should be tested for SARS-CoV-2 and the test 
results should be negative before the start of conditioning regard-
less of the presence of upper respiratory symptoms. If  a transplant 
candidate is diagnosed with COVID-19, postponement for at least 
three months is advisable, in accordance with European Centre for 
Disease Prevention and Control, among others. However, this is 
not always possible due to the risk of progression of the underly-
ing disease. In patients with high-risk disease, autologous HSCT 
should be deferred until the patient is asymptomatic and has two 
negative virus polymerase chain reaction (PCR) swabs taken at least 
24 hours apart. Postponement should be for a minimum of 14 days 
(preferably 21 days) and a new PCR is recommended before the start 
of conditioning. In patients with low-risk disease, a three-month 
postponement of HSCT is recommended(80). TABLE 6 shows the 
EBMT recommendations for COVID-19 and HSCT(26). 

Another aspect that must be borne in mind is post-acute 
COVID-19 syndrome and the possibility of flareups of pre-existing 
diseases or the emergence of autoimmune diseases(82,83). In a series 
of 50 patients with CD who underwent HSCT, four were infected 
by COVID-19. One of the patients presented tense skeletal muscle 
manifestations, hypothyroidism (anti-thyroid peroxidase positive) 
and the relapse of CD (clinical and colonoscopic appearance) six 
months after autologous HSCT(84).

What are the best assessments for autologous  
HSCT in CD?

Autologous HSCT is considered a potentially curative pro-
cedure in various hematological malignancies and autoimmune 
diseases(62). After defining the patient’s eligibility for HSCT, the 
therapeutic plan must be established. The heterogeneity of  CD, 
nuances of  each case, special and particular situations, such as 

implanted colostomy bag, fistulas and perianal disease, must be 
analyzed by the bone marrow transplantation (BMT) team. Patients 
must receive clarifications regarding the steps of  the procedure, 
central venous catheter (CVC) implantation, the selection of the 
venous catheter as well as prolonged hospitalization due to mobi-
lization and conditioning phases. 

The mobilization period must be explained. The patient 
should also be aware of the need to have access to hematopoietic 
progenitor stem cells (HPSCs) and what role these cells play in 
the conditioning period. The patient should be aware of the leu-
kapheresis procedure, in which the extraction and separation of 
HPSCs expanded in the peripheral blood occurs in sessions of 3 
to 5 hours. Although, the procedure is usually safe, problems such 
as hypotension, paresthesia, hypovolemia or electrolyte disorders, 
such as hypocalcemia or CVC-related disorders, may occur and 
are properly addressed and resolved(85). Moreover, the aim of the 
mobilization period with HPSC extraction is to be a support for 
the period of aplasia and absolute neutropenia that occurs after 
the administration of the conditioning drugs. At the end of the 
administration of the drugs, the HPSCs are reinfused. This is the 
first day of HSCT. The conditioning period, the function of the 
drugs that cause immunosuppression and transient myeloablation 
in the subsequent days in addition to organic toxicities must be 
explained, along with palliative measures and prophylaxis that will 
be taken to minimize adverse effects during HSCT(86). In addition 
to being aware, the patient must agree to sign a specific statement 
of informed consent regarding all HSCT events.

A psychological assessment is recommended, as the overall 
hospitalization period is long (around 25 days). The patient must 
be aware of  the risks of  the procedure as well as current results 
of national and international studies in the scientific literature(86). 
Although ambulatory or outpatient autologous transplants can 
be performed with other diseases, we do not recommend this ap-
proach for patients with CD. The main risks in the early mobiliza-
tion and conditioning phases are related to the dose and include 
febrile neutropenia, fluid and electrolyte imbalances, gut toxicity, 
anemia and the complications of an indwelling venous catheter, 
specially infection.

What is the best mobilization regimen for  
autologous HSCT in patients with CD?

Mobilization is the process to maximize HPSCs are released 
from the bone marrow into the blood to be collected and infused 
later to reduce the period of neutropenia after the conditioning 

TABLE 6. Recommendations of European Society for Blood and Marrow Transplantation regarding COVID-19 and HSCT recipients.

Scenario Low-disease risk High-disease risk Notes

Confirmed diagnosis Deferred for 3 months Deferred, until asymptomatic and 3 
negative PCRs at least one week apart

Symptoms of URTI Testing with multiplex respiratory 
viral PCR, consider deferral

Testing with multiplex respiratory 
viral PCR, consider deferral

COVID-19 testing on case-by-
case basis per local guidelines

Close contact with case of 
COVID-19 

PCR test for COVID-19, deferred 
for 14–21 days

PCR test for COVID-19, deferral 
based on clinical judgment

Follow local guidelines for 
isolation and testing for 
COVID-19

Travel to high-risk areas** 
or close contact with person 
travelling from high-risk areas**

Deferred for 14–21 days Deferral based on clinical judgment
Follow local guidelines for 
isolation and testing for 
COVID-19

*Adapted from reference(81); **As defined by healthcare authorities. COVID-19: coronavirus-19; EBMT: The European Society for Blood and Marrow Transplantation; PCR: polymerase chain 
reaction; URTI: upper respiratory tract infection.
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regimen. It is the first phase of an Autologous HSCT(87). HPSCs 
may be collected from the peripheral blood or bone marrow. The 
peripheral blood is the most frequently used source in patients with 
CD. Peripheral blood stem cells (PBSCs) are capable of self-renewal 
and give rise to progenitor cells, which are multipotent cells that 
differentiate and proliferate into the mature cells of the blood and 
immune system. PBSC mobilization practices vary significantly 
among institutions. Effective mobilization regimens involve growth 
factor alone or a combination of chemotherapy and growth fac-
tor. More recently, plerixafor has been incorporated with either 
approach for poor mobilizers. Many institutions have developed 
algorithms to improve stem cell mobilization success rates and 
cost effectiveness. However, an optimal stem cell mobilization 
regimen has not yet been defined. Recommendations are found in 
a comprehensive review from the American Society of Blood and 
Marrow Transplantation(88).

The cytokine growth factors used are granulocyte colony-
stimulating factor (G-CSF [filgrastim]) or granulocyte-macrophage 
colony-stimulating factor (GM-CSF [sarmosgastrim]). Among 
chemotherapeutic drugs, the most widely described are cyclo-
phosphamide, etoposide and cytarabine. The relative increase in 
autologous colony-forming unit cells collected by apheresis using 
G-CSF or chemotherapy alone is tenfold more than that found in 
the steady state. When G-CSF and chemotherapy are combined, 
this number increases to 1000-fold more(89).

In a study involving refractory autoimmune diseases, 15 patients 
with systemic sclerosis (SS), 11 with multiple sclerosis (MS) and 
nine with other autoimmune diseases were analyzed. There was 
no inclusion of  patients with CD. Mobilization was combined 
with cyclophosphamide (CY) plus G-CSF. The dose of CY was 
4 g/m2 in 16 patients and 2 g/m2 in 17. The dose of G-CSF was 5 
to 10 ug/kg /day, started on the sixth day after CY administration 
and maintained until the completion of PBSC collection. In 71% 
of cases, one apheresis session was enough to reach the minimum 
collection target of 2.0 x 106 CD34+/kg. The final results of the 
collections of patients with SS, MS and other autoimmune diseases 
were 12.2, 8.0 and 8.2, respectively. There was no significant differ-
ence among patients regarding the dose of CY(90).

The mobilization protocols described in literature for CD used 
doses of CY ranging from 1.5 g/m2(53,54) to 4 g/m2(47,48,91). G-CSF is 
used in all studies at the usual doses described above. Evaluating 
these data, patients with CD were found to be good mobilizers and 
cases of difficulty collecting cells are sparse(92).

In rare cases, the isolated use of G-CSF is described. This is 
due to the fear that the drug may trigger flareups or manifestations 
in patients with autoimmune diseases. Four out of  100 patients 
who were enrolled in protocols of high-dose immunosuppression 
with peripheral blood stem cell rescue for MS experienced neuro-
logic worsening while receiving recombinant human granulocyte 
colony-stimulating factor, with flareup of the disease(93). Moreover, 
approximately 60% of patients using G-CSF had myalgias and bone 
pain, which may impact its use as monotherapy. 

The best mobilization approach indicated in the literature for 
CD is the combined use of CY and G-CSF. This approach is less 
toxic and practice has shown a better response in patients with CD 
compared to hematologic patients. Absolute neutropenia occurs 
from 1 to 4 days and transfusion requirements are commonly re-
stricted to red blood cell concentrate(90). Hyperhydration, alkaliniza-
tion of the urine and mesna are prescribed to prevent hemorrhagic 
cystitis. Moreover, G-CSF 5 to 10 mcg/kg/day subcutaneously 

commencing five days after the last cyclophosphamide infusion and 
ending the day before the last leukapheresis is extremely important 
to obtain a large number of cells (see below). Monitoring of the full 
blood count for anemia, neutropenia and thrombocytopenia and 
CD34+ count is mandatory. Patients should preferably undergo 
leukapheresis as soon as CD34+ blood levels exceed 10 /mL. This 
is expected to occur on 10th day of  mobilization(48,94). A target 
CD34+ level between 4 and 5 x 106 cells/kg seems to be the most 
reasonable based on available data and several studies estimate 3.5 
x 106 as the goal for patients with CD. 

What is the procedure for obtaining a good cell product 
for HSCT in CD?

The mobilization period in autologous HSCT ends with 
obtaining PBSCs in the apheresis session. The collected graft 
material must be cryopreserved to maintain the integrity and 
effectiveness of  the cells for subsequent use. Freezing must be 
carried out in a progressive, programmed manner and the most 
widely used cryoprotectant is dimethyl sulfoxide (DMSO)(48). 
When added to the graft material, this solvent has the property 
of  stabilizing the cryopreserved cell membranes in addition to 
preventing the formation of  intracellular ice crystals during the 
freezing process. The final concentration of  DMSO in the graft 
product is between 5 and 10%. Cryopreservation occurs in an 
ultra-freezer at a temperature of  -76oC and the product remains 
in storage until the time of  thawing and reinfusion in the patient, 
which is Day Zero of  the transplant.

The aim of  separating the HPCs from the graft product is 
to maximize the results of autologous HSCT by the enrichment 
method via positive or negative selection. Physical, immunological 
and pharmacological methods are employed. Cell Pro CEPRATE 
was once the most widely used method, even in autologous HSCT 
for CD, which employed columns and CD34+ monoclonal anti-
bodies. The method was discontinued and there is no evidence of 
clinical benefits in patients with CD who underwent autologous 
HSCT. The graft product only freezes as described above without 
any type of  manipulation or positive or negative selection with 
monoclonal antibodies before being reinfused.

What is the best conditioning regimen for HSCT in 
patients with CD?

The conditioning regimen is the critical aspect of HSCT and is 
divided into three categories: myeloablative (MA), reduced intensive 
dose (RIC) or non-myeloablative (NMA). This division is based on 
the dose and effects of the associated drugs, duration of cytopenia 
and transfusion requirements necessary to support the patient in 
the aplasia phase that takes place after conditioning. The MA regi-
men causes irreversible cytopenia and HPC infusion is mandatory, 
otherwise hematological recovery will not occur. In RIC, cytopenia 
may or may not be irreversible, the duration is variable and hema-
tological recovery may or may not occur with HPC infusion after 
the conditioning regimen. The non-myeloablative regimen causes 
minimal cytopenia and hematological recovery will occur regard-
less of HPC infusion. However, infusion is recommended for the 
purposes of safety as well as reductions in the neutropenia period 
and risk of infection(95).

In CD, the most commonly used conditioning regimen has 
been CY 200 mg/kg with anti-T-cell serotherapy in accordance 
with EBMT guidelines(26). The choice of  anti-T-cell serotherapy 
(ATG) depends on availability but has most commonly been 
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polyclonal rabbit-derived (rATG) (from various pharmaceutical 
suppliers), although horse-derived ATG (hATG) (again from vari-
ous pharmaceutical suppliers) and other serotherapies, including 
monoclonal antibodies, such as alemtuzumab, have been used in 
other autoimmune diseases in accordance with EBMT guidelines. 
Caution should be exercised with ATG. Febrile reactions are com-
monly seen as a first-dose effect, with cytokine release. Such reac-
tions are usually easily controlled with steroids and antihistamines, 
but anaphylaxis can occur in rare cases. The staff  involved in ATG 
administration should be aware of this risk and have appropriate 
treatment on hand.

As a suggestion for the total dose of the conditioning regimen 
with CY 200 mg/kg and rATG 6.5 mg/kg used in Brazilian patients, 
the conditioning regimen should be carried out under constant 
monitoring at the BMT unit. Twenty-four hours before the onset 
of conditioning, the patient should be hydrated and CY should be 
administered daily in fractional doses, interspersed with the use of 
uromitexan. After the administration of rATG, the patient should 
receive methylprednisolone at a dose between 200 and 500 mg 
and prophylaxis with analgesics and antipyretics. The staff  must 
be prepared for an adverse reaction, such as anaphylactic shock. 
rATG should be administered in small doses in the first few days, 
which is increased until the total dose predicted for the medicine 
is reached. The interval between administrations should not be 
less than six hours. A study described no undesirable effects when 
using rATG or CY(96).

EBMT guidelines have previously specified a conditioning 
regimen with fludarabine (150 mg/m2), CY (120 mg/kg) and anti-
T-cell serotherapy (such as rATG) for pediatric patients. Although 
not previously used in CD, this regimen was incorporated into the 
current UK ‘ASTIC-lite’ trial protocol (available via clinicaltrials.
gov) for adults to assess its safety and efficacy. However, outside 
of this trial, the CY 200 mg/kg + rATG regimen (dose range: 5 to 
7.5 mg/kg) is used, but anti-thymocyte globulin (ATG) may involve 
infusion-related reactions that should be adequately managed with 
steroids and antihistamines. Although ATG is usually given with 
high doses of methylprednisolone, there remains the potential for 
fever and other reactions following cessation of the corticosteroids 
(potential serum sickness), which may require additional doses. 
Slow tapering of  steroids over the first seven to ten days after 
ATG is recommended while appropriate vigilance for infection is 
maintained. The hyperhydration required for CY administration 
combined with the fluid retention associated with high-dose steroids 
and ATG may lead to fluid overload and particular attention to 
fluid and electrolyte imbalance is required from the onset of the 
conditioning. Patients should be monitored once or twice daily 
with weight measurements as well as fluid balance and stool chart 
recordings. There is currently no consensus on the conditioning 
regimen, but it should be as least toxic as possible while ensuring 
effective, lasting immunosuppression after HSCT.

What care should be taken for patients with CD during  
autologous HSCT under special conditions?

Patients with ostomy
In a candidate for HSCT with temporary or definitive ostomy, 

a careful evaluation is required by a specialized team dedicated to 
the care of ostomized patients(97). Ileostomy complications, such as 
abscess, stenosis, allergy, edema, irritative or mechanical trauma, 
hemorrhage, dermatitis, necrosis, folliculitis, parastomal herniation, 

prolapse, retraction and parastomal varices, can occur soon after 
or many years after the procedure. According to Leong et al.(56), 
the incidence of stomal complications after 20 years of follow-up 
in patients with CD was 59%; the most common complications 
were skin problems (34%), intestinal obstruction (23%), retraction 
(17%) and parastomal herniation of the oblique muscles (16%)(62). 
In a cross-sectional study, patients with CD and a stoma had high 
rates of psychological comorbidity and low quality of life scores. 
A negative illness perception appeared to explain some of  the 
findings, but most patients were not receiving psychological help. 
Thus, psychological care is indicated for many of these patients and 
further research is needed(98). Complications in HSCT ostomized 
patients haven’t been referred. However, an ostomy is not a con-
traindication for HSCT(97). 

Clostridium difficile
In cases of  suspected relapse or progression of  the disease, it 

is important to exclude secondary Clostridium difficile infection 
(CDI). The diagnosis is usually based on a clinical history of 
recent antimicrobial usage and diarrhea or abdominal disten-
tion in combination with laboratory tests. The recommended 
first step is screening with a glutamate dehydrogenase enzyme 
immunoassay (GDH-EIA) or the nucleic acid amplification test 
(NAATs)(99). Samples determined to be negative in the first step 
can be considered negative for CDI, whereas those with positive 
results should be confirmed with toxins A and B in the feces. 
Treatment in these patients with a higher risk of  other complica-
tions includes oral vancomycin combined or not with intravenous 
metronidazole(100,101).

Fever of unknown origin
A high suspicion of  CMV, EBV or other viral reactivations 

is recommended in cases of fever of an unknown origin or other 
infective complications. If  the patient presents with fever of  an 
unknown origin, culture screening must be performed with blood 
from the central venous catheter or peripheral vein, as determined 
by each BMT unit(102).

Sepsis
Active treatment of  infection should follow institutional 

protocols.

Perianal disease
Pelvic magnetic resonance imaging (MRI) is mandatory in 

patients with fistulizing perianal CD. Surgical drainage of abscesses 
should be performed before the onset of the procedure. Extensive 
drainage of abscesses and/or seton placement should be performed 
to prevent worsening of the disease or septic complications dur-
ing the transplant period(23). An area of ongoing investigation is 
the local application of  autologous or allogeneic mesenchymal 
stem cells. These are non-hematopoietic multipotent cells with 
anti-inflammatory and immunomodulatory properties, the use of 
which may successfully treat refractory patients and seems to be a 
promising, safe alternative to achieving fistula healing in Crohn’s 
disease with no known systemic effects(103).

Enterocutaneous fistula
The lifetime risk of  developing enterocutaneous fistulas in 

patients with CD ranges from 20 to 40% and the cumulative risk 
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is 12 to 24% after 10 and 20 years, respectively(104). Management 
is complex and requires a multidisciplinary approach. Despite 
the advent of anti-TNF drugs, the majority of patients still need 
surgical management(105). A cohort study from the GETAID IBD 
society in France concluded that anti-TNF therapy may be effective 
in up to one-third of patients, especially in the absence of stenosis 
and complex fistula(106). Studies with human gut xenograft mouse 
models are in development(107).

What are the indications for allogeneic HSCT in CD? 
Allogeneic HSCT is performed with related donors (usually 

siblings or, more recently, haploidentical donors, such as parents, 
siblings or cousins) or unrelated donors (bone marrow donors 
registry). The sources of  the cells are bone marrow, peripheral 
blood or cord blood. The procedure poses a higher risk of compli-
cations, such as infections and graft-versus-host-disease (GVHD), 
compared to autologous transplants, with mortality rates that 
can reach as high as 15% in patients undergoing HSCT. TABLE 
2 shows several reports of  patients with CD and concomitant 
malignant hematological diseases who were submitted to alloge-
neic HSCT. We found patients with acute and chronic myeloid 
leukemias, acute lymphoid leukemias and myelodysplasia with 
prolonged remissions in transplanted neoplastic disease as well 
as CD(31,32,36,38,39,41).

A recent 5-year evaluation was published of  nine patients 
(four males and five females) with refractory CD submitted to 
allogeneic HSCT(108). Three of the patients had full-match sibling 
donors and six received double umbilical cord blood (UCB) (5 6/6 
and 1 5/6 HLA match). The conditioning regimen consisted of 
cyclophosphamide, fludarabine and alemtuzumab and prolonged 
immunosuppression after HSCT with tacrolimus(108). The three 
full-match donor transplants presented CD3+ ranging from 13% 
to 30% 6 months after HSCT. Only one of the patients completed 
the 5-year assessment without symptoms of  CD or GVHD, re-
maining in remission (clinical, magnetic resonance, endoscopic 
and histological analyses) and free of medications.

At 5 years, the stable mixed chimera persisted in 4.3% of donor 
CD3+ T cells. The other two patients were not followed up but 
reported having no symptoms after 5 years. There were descrip-
tions of chronic GVHD and renal failure in one of the cases due 
to the use of  calcineurin inhibitors. The interpretation of  the 
results in these three patients is that mixed chimerism produces 
remission in CD.

Among the six patients who underwent allogeneic UCB HSCT, 
one died of  infection by disseminated adenovirus, a fact that 
forced the suspension of the recruitment of patients. In the other 
five patients, there was no description of GVHD and none had a 
CD3+ or CD33+ donor graft after 6 months. Without a donor 
graft, calcineurin inhibitors were also discontinued at six months. 
As a result, the patients were free of any immunosuppressive drugs 
and CD, with no clinical, radiographic, endoscopic or histological 
evidence of disease. UCB results indicate that a donor graft is not 
necessary to achieve CD remission.

What would explain the effectiveness of the allogeneic 
UCB HSCT in which the graft failed? 

The author speculates and indicates several hypotheses: 1: the 
conditioning regimen and six months of maintenance tacrolimus 
may, by itself, be sufficient for long-term remission; 2: transient 
donor graft versus autoimmunity before disappearance in 6 months 

after HPC infusion; 3: allogeneic UCB HSCT provides non-
hematopoietic cells, as mesenchymal stromal cells would facilitate 
a durable remission.

Despite this new information, there are no criteria for the indica-
tion of allogeneic HSCT for CD due to the risks described to date.

What are the perspectives for using stem cell therapy 
(SCT) in perianal CD?

Mesenchymal stem cells or mesenchymal stromal cells (MSCs) 
have been suggested as a treatment option for CD(109). MSCs are 
found throughout the body: one out of  every 10,000 nucleated 
cells in bone marrow, adipose tissue, placental tissue, synovial 
tissue in joints and UCB(110). MSCs have identifying properties, 
such as adhesion to plastic in cultures, the ability to differentiate 
in vitro into chondrocytes, osteoblasts and adipocytes in addition 
to expressing antigens CD105, CD73, and CD90. These cells do 
not express CD45, CD34, CD14, CD11b, CD79a, CD19 or HLA 
DR(111-114). Studies describing use of  SCT in systemic therapy or 
as localized therapy in complex perianal fistulas are found in the 
literature(115-118).

Despite the encouraging results, several logistical, regulatory 
and feasibility problems for the use of MSCs with the procedure re-
main a challenge, such as the standardization of the source, dosage, 
number of doses, interval between doses, cell purity, mechanisms 
of  action, interaction of  the MSC with the microenvironment, 
biodistribution, ability to reach the compromised tissue and interac-
tion with the microbiota in addition to obtaining a license for the 
production and handling of MSCs(119-121).

What are the recommendations upon discharge and for 
follow up after HSCT?

After discharge, patients must be closely followed-up by 
gastroenterologists and hematologists, with clinical activity 
measured by the CDAI, Harvey-Bradshaw Index and patient-
reported outcomes as well as laboratory parameters (complete 
blood count, liver function, C-reactive protein, kidney function 
and electrolytes, beta2 microglobulin, D vitamin and fecal calpro-
tectin) assessed weekly during the first 30 days after HSCT, then 
at 90 days, 180 days and one year, followed by annually until the 
end of  follow-up (5 years). 

Recommendations for infectious prophylaxis have been de-
scribed. Colonoscopy and/or MRI were performed at week 26 
after transplant as well as after one, 2 and 4 years of  follow-up 
or at any time when CD relapse was suspected. Patients should 
be assessed for quality of  life (Inflammatory Bowel Disease 
Questionnaire, Short Form 36 or other) every 6 months after 
transplantation. 

Monitoring of either CMV-associated pp65 antigen or PCR 
for virus-associated DNA fragments (or both) and EBV monitor-
ing is strongly recommended for 90 days after transplant. The first 
year after treatment includes an early visit at 1 month. Consider-
ing the severe course of the disease before autologous HSCT, the 
persistence or recurrence of endoscopic lesions should lead to the 
re-introduction of specific therapies. In the suspicion of relapse, 
confounding factors such as Clostridium difficile and viral infections 
must be excluded. In confirmed cases of recurrence, we recommend 
treatment with highly effective therapy for CD, such as the com-
bination of immunosuppressants and a TNF inhibitor in patients 
with endoscopically or radiologically active disease according to 
the current ECCO guidelines(26).
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What about vaccination before and after HSCT?
Prior to HSCT, patients should receive vaccines indicated for 

immunocompetent persons based on age, vaccination and exposure 
history. After HSCT, one dose of  inactivated influenza vaccine 
should be administered annually to persons aged ≥6 months start-
ing 6 months after HSCT or starting 4 months after HSCT if  there 
is a community outbreak of influenza defined by the local health 
department. Three doses of  13-valent pneumococcal conjugate 
vaccine (PCV13) should be administered starting three to 6 months 
after HSCT. One dose of pneumococcal polysaccharide vaccine-23 
(PPSV23) should be given 12 months after HSCT, provided the 
patient does not have GVHD. For patients with chronic GVHD, 
a fourth dose of PCV13 can be given at 12 months after HSCT. 
Three doses of Haemophilus influenzae type b vaccine should be 
administered 6 to 12 months after HSCT. Two doses of quadrivalent 
meningococcal conjugate vaccine (MCV4) should be administered 
six to 12 months after HSCT to persons aged 11 to 18 years, with a 
booster dose given at age 16 to 18 years for those who received the 
initial post-HSCT dose of vaccine at age 11 to 15 years. Three doses 
of tetanus/diphtheria-containing vaccines should be administered 
6 months after HSCT. Administration of three doses of diphtheria 
toxoid-tetanus toxoid-acellular pertussis (DTaP) should be consid-
ered. Alternatively, a dose of Tdap vaccine should be administered 
followed by either two doses of diphtheria toxoid combined with 
tetanus toxoid (DT) or two doses of diphtheria toxoid (Td) vaccine. 
Three doses of hepatitis B (HepB) vaccine should be administered 
6 to 12 months after HSCT. If  a post-vaccination antibody against 
hepatitis B virus surface antigen (anti-HBs) concentration of ≥ 10 
mIU/mL is not attained, a second three-dose series of HepB vac-
cine should be administered. Three doses of inactivated poliovirus 
(IPV) vaccine should be administered 6 to 12 months after HSCT. 
Consider the administration of three doses of quadrivalent human 
papillomavirus (HPV) vaccine 6 to 12 months after HSCT for fe-
male patients aged 11 to 26 years and HPV4 vaccine for males aged 
11 to 26 years. Do not administer live vaccines to HSCT patients 
with active GVHD or ongoing immunosuppression. A two-dose 
series of combined measles, mumps and rubella (MMR) vaccine 
should be administered to measles-seronegative persons 24 months 
after HSCT in patients with neither chronic GVHD nor ongoing 
immunosuppression and 8 to 11 months (or earlier if  there is a 
measles outbreak) after the last dose of immune globulin intrave-
nous (IGIV). A two-dose series of varicella vaccine (VAR) should 
be administered 24 months after HSCT to varicella-seronegative 
patients with neither GVHD nor ongoing immunosuppression and 
8 to 11 months after the last dose of IGIV(122,123).

What is the risks and safety for CD patients undergoing 
autologous HSCT ?

HSCT in CD is currently considered a safe procedure when 
performed in transplant centers with expertise in autoimmune 
diseases. However, despite advances, HSCT presents morbidity, 
especially during the aplasia phase, where severe neutropenia com-
monly increases the risk of infections(124).

Febrile neutropenia is a crucial complication and occurs in 
80% of autologous transplants when performed to treat neoplastic 
diseases. The mortality rate in these cases is around 10%(124).

Currently, the Autologous HSCT mortality rate is less than 
1%(125), the risk of HSCT Autologous starts with the implantation of 
the Central Venous Catheter in manipulation and the extended stay, 
in addition to the need for hospitalization to perform the procedure.

Adverse events are frequent and can affect various body sectors 
due to the toxicity of the chemoimmunosuppression used in the 
mobilization and conditioning phase of the transplant. In patients 
with malignant hematological neoplastic diseases, infection is 
considered a cause of death in approximately 8% of patients when 
undergoing autologous transplantation(126).

Late risks of  HSCT Autologous, in addition to disease re-
currence, are endocrinopathies, reproductive failure, secondary 
autoimmune disease, infections, and viral reactivations, and rarely 
secondary neoplasms and post-transplant lymphoproliferative 
disorder restricted to allogeneic transplants(127-129). 

What outcomes and endpoints need to be observed in 
patients with CD undergoing HSCT? 

The criteria for assessing the evolution of patients after HSCT 
are summarized in this section. There is a need to assess overall 
survival and mortality related to the procedure, which today are 
practically 100% and zero, respectively, due to advances in care, 
prophylaxis and the proper handling of patients, but these aspects 
should be included in the objective follow-up of patients. Other 
criteria refer more specifically to aspects related to disease activity 
scores, whether or not to use medications associated with colo-
noscopy results and images that provide evidence of disease-free 
remission. Other data that should be valued are patient-reported 
outcomes and the use of quality-of-life questionnaires, such as the 
Inflammatory Bowel Disease Questionnaire, Short Form 36 and 
others). These parameters are described in TABLE 7.

What is the current status of HSCT procedures for CD in Brazil?
In its 2018 resolution on medical activity, the Brazilian Code 

of Medical Ethics (CEM) helps us understand the current status of 
HSCT procedures in the treatment of CD in the country(132). Some 
fundamental principles are set out in Item XXIV, such as respect-
ing national ethical standards whenever physicians participate in 
research involving human beings or animals and the protection of 
the vulnerability of the research subjects.

Article 32, stipulates physicians must not fail to use all avail-
able scientifically recognized means of  health promotion and 
prevention, diagnosis, and treatment of  diseases in favor of  the 
patient. 

Article 100, stipulates that approval of a protocol for research 
involving human beings is required under current legislation. Art. 
101 stipulates that, prior to conducting research involving human 
beings, a statement of informed consent from the patient or legal 
representative is required after due explanations about the nature 
and consequences of the research. Art. 102 states that a therapy can-
not be used when its use is not authorized in the country. The sole 
paragraph of Article 102 states that the use of experimental therapy 
is permitted when accepted by government health organizations 
and consent is obtained from the patient or legal representative 
after adequate clarifications regarding the situation and possible 
consequences. It should be noted that there is no Brazilian legisla-
tion for compassionate treatments. HSCT in its various modalities 
and from different cell sources is an established procedure and duly 
standardized in the country(119).

The National Health Agency has a list of diseases for which 
it recommends HSCT as a mandatory treatment for all Brazilians 
through the Public Healthcare System. Individuals with private 
health insurance should have the costs of the procedure covered. 
Aplastic anemia is the only autoimmune disease that appears on 
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this list. For others, such as Crohn’s disease, HSCT is considered 
experimental treatment according to the Federal Council of 
Medicine(138); it must be carried out according to an experimental 
research protocol and follow the rules of the National Research 
Ethics Council. Autologous HSCT is performed for Crohn’s disease 
in several countries and is currently recommended by the Sociedade 
Brasileira de Transplante de Medula Óssea (SBTMO [Brazilian 
Society of Bone Marrow Transplantation]) for refractory patients 
to immunosuppressants and biological agents or in the absence of 
a therapeutic option(50,63,133,134,139,140).

Conclusion: Positioning of the GEDIIB Transplantation 
Committee

This report summarizes criteria and indications for autologous 
HSCT in CD and the positioning of the GEDIIB Transplantation 
Committee, which include: 

1) patients refractory to immunosuppressants and at least two 
biological agents, preferably one of them an anti-TNF; 

2) the persistence of disease activity proven by endoscopy, co-
lonoscopy, enteroscopy or magnetic resonance enterography; 

3) extensive disease for which an imminent surgical procedure 
exposes the patient to the risk of short bowel syndrome or 
refractory colonic/perianal disease in which coloproctec-
tomy with a definitive stoma implant is not accepted by 
the patient; 

4) autologous non-myeloablative HSCT without any graft 
manipulation of cells;

5) HSCT must be performed at a BMT center by a multidis-
ciplinary team with expertise in CD;

6) Absolute contraindications are active infection and recent 
malignant neoplasms except for hematologic neoplasms for 
which treatment needs to be HSCT;

7) All risks cited in contraindications must be individualized 
and discussed by a multidisciplinary team with each patient;

8) Randomized studies are needed in selected patients, whether 
or not to use prolonged immunosuppression and manage-
ment for patients who relapsed after HSCT.
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TABLE 7. Outcome evaluations suggested for CD after HSCT.

Clinical response Decrease of at least 50% in PRO2 (abdominal 
pain and stool frequency)(124,125).

Clinical remission

CDAI <150(126).

HBI <5(127).

PRO2 (abdominal pain ≤1 and stool 
frequency ≤3)(73).

Endoscopic 
remission

Endoscopic remission (SES-CD ≤2 points or 
CDEIS <3) and lack of ulcerations (i.e., any 
ulcerations, including aphthous ulcers)(73,128).

Disease Free 
Remission 1 (DFR1)

Disease Free Remission, Type 1: CDAI <150, 
without CD-related medications, without 
endoscopic evidence of disease and MRI or CT 
without evidence of disease.

Disease Free 
Remission 2 (DFR2)

Disease Free Remission type 2: CDAI <150, 
without CD-related medications, without 
endoscopic evidence of disease, without 
MRI or CT evidence of disease and without 
histological evidence of disease.

Transmural healing Magnetic Resonance Index of Activity score 
below 7(129,135).

Health-related 
quality of life 

IBDQ(130,136): bowel-related symptoms, systemic 
function, social function, emotional status.

Response: increase ≥16 points.

Remission ≥210 points.

SF 36: vitality, mental health, emotional 
aspects, general health, social aspects, physical 
limitations, pain, functional capacity.

Disability 

IBD Disability Index(131,137).

Comprises following domains: mobility, 
self-care, major daily life activities, 
gastrointestinal-related problems, mental 
health and interaction with environment.

No disability: 0–20.

Overall survival Percentage of HSCT survival in patients with 
CD.

Clinical relapse-free 
survival after HSCT Time between HSCT and disease flareup.

Transplant-related 
mortality Mortality directly related to HSCT.

CD: Crohn’s disease; HSCT: Hematopoietic stem cell transplantation; PRO2: item patient-
-reported outcomes; CDAI: Crohn’s Disease Activity Index; HBI: Harvey-Bradshaw Index; 
SES-CD: Simple endoscopic score for Crohn’s disease; CDEIS: Crohn’s Disease Endoscopic 
Index of Severity; MRI: magnetic resonance imaging; CT: computed tomography; IBDQ: 
Inflammatory Bowel Disease Questionnaire; SF36: Short Form 36; IBD: irritable bowel disease.
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