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Abstract
Crohn's disease (CD) is a chronic inflammatory bowel disease that can affect any 
part of the gastrointestinal tract. The etiology of CD is unknown; however, 
genetic, epigenetic, environmental, and lifestyle factors could play an essential 
role in the onset and establishment of the disease. CD results from immune 
dysregulation due to loss of the healthy symbiotic relationship between host and 
intestinal flora and or its antigens. It affects both sexes equally with a male to 
female ratio of 1.0, and its onset can occur at any age, but the diagnosis is most 
commonly observed in the range of 20 to 40 years of age. CD diminishes quality of 
life, interferes with social activities, traumatizes due to the stigma of incontinence, 
fistulae, strictures, and colostomies, and in severe cases, affects survival when 
compared to the general population. Symptoms fluctuate between periods of 
remission and activity in which complications such as fistulas, strictures, and the 
need for bowel resection, surgery, and colostomy implantation make up the most 
severe aspects of the disease. CD can be progressive and the complications 
recurrent despite treatment with anti-inflammatory drugs, corticosteroids, 
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immunosuppressants, and biological agents. However, over time many patients 
become refractory without treatment alternatives, and in this scenario, 
hematopoietic stem cell transplantation (HSCT) has emerged as a potential 
treatment option. The rationale for the use of HSCT for CD is anchored in animal 
studies and human clinical trials where HSCT could reset a patient's immune 
system by eliminating disease-causing effector cells and upon immune recovery 
increase regulatory and suppressive immune cells. Autologous HSCT using a 
non-myeloablative regimen of cyclophosphamide and anti-thymocyte globulin 
without CD34+ selection has been to date the most common transplant 
conditioning regimen adopted. In this review we will address the current 
situation regarding CD treatment with HSCT and emphasize the medical, ethical, 
and legal aspects that permeate the procedure in Brazil.

Key Words: Crohn disease; Hematopoietic stem cell transplant; Stem cell therapy; 
Autologous transplant; Ethics; Treatment
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Core Tip: Hematopoietic stem cell transplantation (HSCT) is an alternative treatment 
for patients with Crohn's disease, which is severe and refractory to conventional 
treatments. Prolonged remissions are described with the autologous as in the allogeneic 
modality. In this review, we describe the rationale, justifications, and results of HSCT 
in studies from various locations. Unpublished data and results from a relevant series 
are described. The ethical and legal medical aspects that permeate compassionate 
treatment in Brazil are defined and presented.
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INTRODUCTION
Crohn’s disease (CD) is a severe chronic relapse-remitting heterogeneous 
inflammatory bowel disease that can affect any part of a patient's digestive tract[1,2]. A 
progressive disease, CD tends to become more severe over the years with the 
appearance of complications such as strictures, abscesses, and perforations, and as a 
result of undergoing surgery, the aftereffect of which may be short gut syndrome.

The onset of symptoms may occur in children, but CD is diagnosed most commonly 
between the second and third decades of life. There is no sexual preference in the 
distribution of cases, with developed countries having the highest number of cases and 
a clear trend of growth and diagnosis of CD throughout the world. The prevalence of 
the disease is highest in Europe, followed by Canada, the United States, Australia, and 
New Zealand. The incidence of CD is increasing in regions such as Asia and South 
America that traditionally have had a low prevalence[3,4].

Risk factors include genetic, epigenetic, and environmental susceptibility[2,4-7]. Over 
200 alleles are linked to inflammatory bowel disease, 37 of which are specific to CD, 
including multiple gene mutations of multiple nucleotide-binding oligomerization 
domain-containing protein 2 (NOD2). Despite genomic advances, this knowledge is 
not yet part of clinical practice and treatment algorithms[2,6]. The risk of CD may also 
increase due to lifestyle, such as smoking or the use of multiple antibiotics in 
childhood that could alter gut flora[8].

CLINICAL, DIAGNOSIS AND TREATMENT FEATURES
The clinical presentation and diagnosis of CD depend upon disease location and 
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severity. The spectrum of symptoms includes crises of abdominal pain most often 
located in the lower right quadrant, diarrhea sometimes uncontrolled and numerous, 
hematochezia and or melena, fever, weight loss, fatigue, and anorexia. Perianal disease 
can be present in a significant number of patients and sometimes be the first sign or 
symptom. Extraintestinal manifestations such as joint, skin, or eye involvement, 
among others, may be present as other autoimmune diseases are associated with 
CD[1,2].

Diagnosis is based on characteristic clinical, radiological, endo-colonoscopic, and 
histologic presentation. However, simple pattern recognition is a habit that can cause a 
missed diagnosis of other necessary treatable conditions. Mimics of CD arise from 
medications such as NSAIDs, mycophenolate mofetil, high dose estrogens, infections 
such as cytomegalovirus, herpes virus, Clostridium difficile, other autoimmune diseases 
such as Behcet's syndrome or celiac disease, and a genetic immunoglobulin deficiency 
especially in early-onset CD of childhood[2]. The typical endoscopic pattern of CD is 
segmental or skipped involvement with a cobble stone pattern produced by 
serpiginous aphthous ulcerations interspersed with nodular mucosa edema. The 
classic histologic pattern of CD is an epithelioid granuloma. Chronic inflammatory 
lymphoid transmural infiltrate, and goblet cell preservation and pyloric gland 
metaplasia are common histological findings[9].

The treatment is complex and depends on the patient's assessment criteria and 
severity of the patient's condition[10]. The criteria used for this decision are, among 
others, the age at diagnosis of the disease, location and behavior, and type of lesion 
observed, data that make up the Montreal Classification[11]. Additionally, the presence 
of perianal disease, smoking, positive antimicrobial biomarkers, and NOD2 mutation 
reflect possible severity and disease progression. Anti-inflammatory, corticosteroids, 
antibiotics, immunosuppressants, and biologic agents, alone or combined, and surgery 
are the treatment basis of the disease[1]. Several treatment algorithms exist, from 
bottom-up from gradual progression to the use of biological agents as the last of the 
scale to the opposite approach, top-down with the utilization of biological agents first. 
Concerning biological agents, anti-TNF alpha (infliximab, adalimumab, and 
certolizumab pegol), the first described and most used as a rule to start treatment and 
in the absence of primary or secondary response may be substituted by other 
biologicals such as anti-alpha four integrin (vedolizumab) and anti-leucine 12/23 
(ustekinumab)[10]. However, the sequence described for the use of biologicals is 
controversial[10]. Current treatment results are not entirely satisfactory because 
prescription drug treatment is chronic, some patients become refractory, and recurrent 
surgical procedures compel patients to seek alternative treatments, including 
autologous hematopoietic stem cell transplantation (HSCT).

RATIONAL FOR HSCT
The rational of HSCT transplantation for autoimmune diseases began in 1985 with a 
report of marrow reconstitution after allogeneic bone marrow transplantation (BMT) 
in mice with autoimmune diseases previously lethally irradiated[12]. In 1989, total body 
irradiation followed by syngeneic allogeneic BMT was used to treat adjuvant-induced 
arthritis in rats[13]. The same was observed even with autologous BMT two years 
later[14].

These findings resulted in the concept of immunopathology that underlies 
lymphoablation, eradication of the cells involved, and reconstitution of the immune 
system with BMT to treat various autoimmune diseases[15-17].

Animal models have been developed as paradigms of CD[18]. These models permit 
studies of T helper cell type 1 immune responses, the role of cytokines such as 
interleukins (e.g., IL12 or IL23), epithelial and barrier alterations, leukocyte trafficking 
to the inflamed mucosa, the role of the adhesion molecules, innate immunity, NOD2, 
and gut microbiome in the pathogenesis of CD. A Brazilian experimental animal 
inflammatory bowel disease study demonstrated that high dose cyclophosphamide 
followed by HSCT modulated mucosal immunity and accelerated immune 
reconstitution[19].

In humans, immune analysis of Treg cells (CD4+CD25brightcells) in the peripheral 
blood of 13 patients with CD before HSCT demonstrated that the mean percentage of 
CD4+CD25brightcells (2.62% ± 2.01%, n = 13) was reduced (P < 0.01) compared with 
normal volunteers (3.86% ± 1.67%, n = 8). Post-HSCT, compared with pre-HSCT, a 
robust increase in the percentage of CD4+CD25brightcells was observed: Pre-HSCT 
(2.6% ± 2.01%, n = 13); 6 months post-HSCT 2.91% ± 1.74% (P < 0.05, n = 9); 1 year 
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post-HSCT (3.55% ± 1.63%, n = 13, P < 0.05); 2 years post-HSCT (3.36% ± 1.63%, n = 10, 
P < 0.05); 3 years post-HSCT (3.99% ± 0.78%, n = 4, P = not significant)[20]. In another 
human study, when HSCT was compared to anti-tumor necrosis factor (TNF) 
treatment, the peripheral blood post-HSCT, unlike anti-TNF therapy, demonstrated 
expansion of naïve B cells and a decrease in memory T cells[21]. HSCT, but not anti-TNF 
therapy, induced a significant decrease in intestinal luminal T cell content[21].

CD AND HSCT
The worldwide experience with HSCT for CD, perspectives for new studies, and 
ethical and legal aspects unique to the Brazilian situation are summarized in this 
section. The concept of HSCT for CD began with case reports of coincidental CD 
remission after allogeneic or autologous HSCT performed for a standard hematologic 
or neoplastic indication[22-27]. The first report of autologous HSCT performed for CD 
appeared in 2003[20-28]. Since then, a series of phase II studies for CD have been 
performed in several different countries[29-32].

In 2010, the first long-term follow-up study reported 25 patients[20]. The study aimed 
to evaluate HSCT safety and clinical evolution with a non-myeloablative conditioning 
regimen in patients with severe CD refractory to conventional treatments. The 
mobilization regimen consisted of cyclophosphamide 2 g/m2 in a single dose and G-
CSF 10 µg/kg/d after the fifth day until the day of hematopoietic stem cells collection. 
The peripheral blood stem cells (PBSCs) were CD34+ selected ex vivo. The conditioning 
regimen consisted of 200 mg/kg cyclophosphamide and 6 mg/kg rabbit anti-
thymocyte globulin or 90 mg/kg horse anti-thymocyte globulin. All patients achieved 
clinical remission with normalization of clinical parameters, Crohn's Disease Activity 
Index (CDAI) < 150, and Craig Crohn Severity Index < 16. HSCT-related mortality in 
these patients was zero.

Eighteen patients completed five years of follow-up with relapse-free treatment-free 
survival of 91% in the first year, 63% in the second, 57% in the third, 39% in the fourth, 
and 19% in the fifth year after HSCT[20]. No prescription drug therapy trial has ever 
looked at a drug-free endpoint as drug trials are based on chronic treatment using the 
study drug, and other drugs such as corticosteroids may also be used during the 
study. The endpoint of drug trials is clinical remission defined as a CDAI of less than 
150 while on treatment. Drugs achieve clinical remission of 40 to 50% at one year that 
declines with time. In the HSCT trial, when the outcome was defined as in drug trials, 
the clinical remission (CDAI < 150) was over 80% every year for five years[20]. This 
study was a milestone for the treatment of CD, and subsequently, the European group 
of Autoimmune Diseases of European Society for Blood and Marrow Transplantation 
organized a randomized clinical trial, termed autologous stem cell transplantation in 
Crohn (ASTIC) to compare the effect of HSCT with standard treatment of the 
disease[33].

In the ASTIC trial, eleven transplant centers from 6 countries with 45 patients 
participated in the study. The first patient was randomized in 2007 and the last in 
2011, in a study aimed at evaluating patients who were severe and refractory to 
multiple drug treatments. Two groups, the first being the group for immediate 
transplantation and the second for treatment with 4.0 g/m2 cyclophosphamide and 
stem cell collection but delayed HSCT until after one year. Therefore, both the 
transplant and control group received treatment with 4.0 g/m2 cyclophosphamide and 
stem cell mobilization. Unlike the earlier study, the stem cells, i.e., the PBSCs, were not 
selected or purged of lymphocytes.

The primary outcome of the ASTIC trial was to assess the presence of sustained 
disease remission (SDR) in patients in both groups. SDR consisted of clinical remission 
that is CDAI < 150, absence of immunosuppressive or biological corticosteroids for at 
least three months before one year of evaluation and absence of endoscopic or 
radiological evidence of active disease (erosion) in any part of the digestive system. 
The secondary objectives were the individual points of the primary objective. Twenty-
three patients were allocated to the transplant group and 22 to the standard treatment 
group.

After the elapsed time, only two patients in the transplant group (8.7%) had SDR 
and one (4.5%) in the standard treatment group. While the primary endpoint was not 
significant, the secondary objectives were all statistically significant in favor of HSCT. 
These secondary endpoints included no active treatment, CDAI below 150, and no 
endoscopic or radiological evidence of active (erosive) disease.

Seventy-six serious adverse events occurred in the transplant group and 38 in the 
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control group and one death in the former group due to veno-occlusive liver disease. 
These results led to the conclusion that HSCT did not improve SDR after one year of 
observation, and the procedure carried high toxicity, and therefore, there was no 
indication for the use of HSCT in patients with CD outside of a clinical trial[33].

A divergent opinion on this article was published in a letter to the editor[34], in which 
several points were addressed: First was the definition of remission that had never 
been vetted or used in any prior drug trial, the second was the dose of 4 g/m2 of 
cyclophosphamide in the control arm that was itself an experimental treatment, and 
third that the definitive randomized trial should only be initiated in centers that have 
significant HSCT experience in CD[34]. To address the definition used for disease 
remission, the ASTIC group published an assessment of patients undergoing HSCT 
using traditional criteria for remission[35]. In addition to the 23 patients in the 
immediate transplant group, another 17 patients were added who had the procedure 
delayed for one year, making 40 patients. As one death had already occurred, and 
there was a withdrawal, the final evaluation occurred in 38 patients.

Clinical remission and improvement of clinical parameters and complete healing of 
the mucosa occurred in 50% of patients who underwent HSCT. Also, the patient-
reported outcomes and the patients' quality of life significantly improved. The study 
concluded that HSCT, when evaluated according to the traditional prescription drug 
study criteria, resulted in significant endoscopic mucosal healing and quality of life 
benefits for the patients[35]. Another publication from an experienced center that 
participated in the ASTIC trial with 35 patients, 13 of which were from the original 
ASTIC study, reported no mortality and concluded that autologous HSCT is effective 
in refractory CD and that the procedure, although not a cure as currently designed, 
changes the course of 80% of patients[36].

CD AND HSCT IN BRAZIL
HSCT for CD in Brazil follows the guidelines and rules described in the Brazilian 
Medical Ethics Code. Brazilian health care/insurance plans contested the costs of the 
research project and treatment, but a Federal Medical Council position validated the 
research project and opened the legal path for patients, refractory, and without other 
treatment, to participate in HSCT. At present, patients wishing to undergo HSCT must 
follow all the legal steps described and follow the inclusion criteria to participate in the 
only autologous HSCT protocol underway in Brazil.

Communications took place in meetings, congresses, scientific events, and case 
reports of patients from the study projects[37-40]. The Brazilian Medical Society, with 
involvement and authority over HSCT, including CD, is the Brazilian Society of Bone 
Marrow Transplantation (SBTMO). Every three years, a clinical guidelines meeting 
occurs, and one of the subjects is autoimmune diseases. In addition to the annual 
SBTMO meeting, reports and position papers are prepared and published from these 
events[41]. Among the most cited autoimmune diseases recommended for HSCT are 
multiple sclerosis, systemic sclerosis, and CD. Recently SBTMO wrote a position paper 
accepted for publication. The suggestion is to introduce HSCT into clinical practice for 
those diseases that are considered experimental in the country[42].

Four Brazilian institutions performed autologous HSCT treatment for CD patients. 
Our institution in São Jose Rio Preto is the only Brazilian institution to develop 
research projects with HSCT in CD. The first project closed after completing the 
enrollment of 40 patients. The final data from this trial are still in analysis and yet to be 
published. However, a summary of the first 14 cases highlighted the low toxicity of 
autologous HSCT, with few adverse events, no deaths, and immediate improvement 
in patients' quality of life[43]. The second is in progress, recruiting patients since January 
2019 to include more than ten patients in this report. The Hospital Israelita Albert 
Einstein, Hospital de Clinicas, Faculty of Medicine, USP of Ribeirão Preto, and 
Hospital São Camilo of São Paulo performed six, two, and one HSCT procedure, 
respectively, for CD patients (Table 1).

Our studies at São Jose do Rio Preto mimicked Chicago's protocol with slight 
differences and had safety objective and procedure validation in Brazil[20].

Inclusion criteria were CDAI greater than 150, intestinal lesions detected by 
colonoscopy or capsule endoscopy, disease refractory to treatment, a history of 
adverse reactions to two biologic agents, conditions preventing additional surgical 
procedures and risk of a permanent stoma and rectal amputation. All patients with 
significant comorbidities were excluded, as were patients in remission and those with 
coexisting psychiatric disorders, infectious diseases, intraabdominal abscesses, fistulae, 
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Table 1 Autologous hematopoietic stem cell transplantation for Crohn’s disease in Brazil-2013/2019

Centres pts %

Hospital Beneficencia Portuguesa SJ Rio Preto, São Paulo 50 86.2%

Hospital IsraelitaAlbert Einstein, São Paulo 6 10.3%

Hospital das Clínicas FMUSP Ribeirão Preto, São Paulo 2 3.4%

São Camilo Hospital São Paulo, São Paulo 1 1.7%

Total 59 100%

HSCT – Hematopoietic stem cell Transplantation; CD – Crohn disease.

ulcerative colitis, or neoplastic disorders.
The difference was a reinfusion of PBSCs without selection or manipulation. In the 

second CD HSCT trial that is currently ongoing at São Jose do Rio Preto, the inclusion 
criteria are the same, and after HSCT, a maintenance dose of tacrolimus is taken orally 
for one year.

The demographics such as Montreal classification, extraintestinal manifestations, 
and previous therapy in 50 patients who have undergone HSCT at São Jose do Rio 
Preto are shown in Table 2. The relapse-free survival of these patients for up to five 
years after HSCT is shown in Figure 1. After one year of follow-up, 90.57% of the 
patients were clinically asymptomatic and remained free of immunosuppressive 
drugs, biological agents, or surgery related to CD. The results of relapse-free survival 
after two, three, four, and five years of HSCT were 82.1%, 69.45%, 53.42%, and 21.37%, 
respectively.

Finally, of note, Brazil's first report of HSCT in CD occurred in 2013 at Beneficencia 
Portuguesa Hospital of São José do Rio Preto, São Paulo[37] in a female patient with 
severe CD, refractory to anti-inflammatory agents, corticosteroids, immunosup-
pressants, and two biological anti-TNF α drugs, infliximab, and adalimumab. She had 
repeated episodes of abdominal pain, more than 20 bowel movements/day, 
hematochezia, weight loss, depression, psychosis, arthralgia, psoriatic-like skin 
lesions, and a prior 40 cm bowel resection due to stenosis. Before HSCT, colonoscopy 
showed severe ileitis in the ileum cecal valve, right and left colon, and rectum. The 
patient has remained in a drug-free clinical and endoscopic remission, more than five 
years after HSCT[37].

DISCUSSION
HSCT is an established procedure indicated for the treatment of hematological 
diseases, solid tumors, and immune disorders[44]. The indications for HSCT for 
malignancies have increased mainly due to plasma cell and lymphoproliferative 
disorders extending to older patients[45]. Autoimmune diseases affect approximately 
3% of the world population and the indications and number of patients treated for 
autoimmune disease, particularly for relapsing-remitting multiple sclerosis, systemic 
sclerosis, and CD, have also been increasing since the first case reports in 1995[46,47]. CD 
is currently the third most common autoimmune disease treated with HSCT, 
according to the European Society for Blood and Marrow Transplantation Registry[48].

Given the published data, from the ecclesiastical, secular, societal, or individual 
patient point of view, is it ethical to refuse HSCT in a patient with severe CD refractory 
to the usual medical treatments? This question is answered in the Brazilian Medical 
Code of Ethics. Chapter 1, in the fundamental principles in article V, where it states 
that it is up to the doctor to continuously improve his knowledge and use the best of 
scientific progress for the benefit of the patient and the Society[49]. Article 102 is explicit 
in that it is forbidden for the doctor to stop using correct therapy and release it in the 
country. In the single article paragraph, there is an indication of the performance of 
experimental treatment with the consent of the patient or his legal representative, after 
adequate clarification of the situation and the possible redundant consequences of the 
proposed treatment[50].

The Federal Council of Medicine considers HSCT for CD to be an experimental 
treatment advising that it should carry out in the country as part of a research project 
and in an institution that has a transplant program accredited with the SNT, and duly 
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Table 2 Demographic and clinical characteristics of Crohn’s disease patients who underwent hematopoietic stem cell transplantation in 
Beneficencia Portuguesa Hospital SJ Rio Preto (A), São Paulo - Brazil - 2013/2019

Patients, n 50 %

Age, HSCT 32.6 (15-50)

Sex/gender – male/female 22/28 46/54

Time elapsed–symptoms/diagnosis (yr) 6.5 (0-23)

Time elapsed–diagnosis/HSCT (yr) 9.26 (1-28)

Montreal classification

Age diagnosis

A1 14 28.0

A2 35 70.0

A3 1 2.0

Localization 1 2,0

L1 3 6.0

L2 37 74.0

L3 9 18.0

L3 + L4 9 18.0

Behavior 30 60.0

B1 11 22.0

B2

B3

Perianal disease 22 44.0

Extraintestinal diseases 42 84.0

Articular 41 97.6

Skin 8 19.0

Eye 4 9.5

Other 6 14.3

Autoimmune concomitant or previous disease 8 16,0

Fistulas 17 34.0

Anal 12 70,6

Anoretal 4 23.8

Anovaginal 3 17.3

Enteroenteral 4 23.5

Enterovaginal 1 5.9

Enterocutaneous 1 5.9

Other 1 5.9

Ostomia at HSCT 8 16.0

Familial History 10 20.0

Previous surgeries 33 66.0

Previous therapy

Sulfasalazine 39 78.0

Mesalazine 47 94.0

Corticosteroids 50 100
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Budesonide 10 20.0

Azathioprine 44 88.0

6-Mercaptopurine 1 2.0

Methotrexate 17 34.0

Cyclosporine 4 8.0

Infliximab 49 98.0

Adalimumab 47 94.0

Certolizumab pegol 4 8.0

Vedolizumab 9 18.0

Ustekinumab 7 14.0

Natalizumab 1 2.0

Etanercept 1 2.0

CDAI 297.8 (155-576.2)

HBi 17.54 (4-48)

CSI 23.16 (10-36)

CDEIS 11.29 (0-36)

SES-CD 14.08 (0-43)

CDAI: Crohn’s Disease Activity Index; HBi: Harvey Bradshaw index.

Figure 1  Clinical relapse-free survival of 50 patients (2013–October 2019).

approved by the National Council of Ethics and Research[49-51]. As a result, patients 
who have health plans, and do not obtain a resolution with conventional treatment, 
have the right to have paid for even experimental treatments as long as they follow the 
ethical, legal precepts and insert in research protocols. In this scenario, patients with 
autoimmune diseases and CD who are not showing results with conventional 
treatments, with no therapeutic option and or risk of worsening their disease, may opt 
for experimental treatments through the courts[50,51].

The future of HSCT for CD is to continue to tweak the regimen to make it safer and 
to achieve even longer and more long-lasting results without evidence of disease, that 
is, durable clinical remission on no drug therapy, and imaging, endoscopic, and 
histologic remission. Based on the literature and data cited, we consider that there is a 
place for autologous HSCT in the treatment of patients with severe and refractory CD 
where the death rate is zero and toxicity is low and that position was highlighted in a 
recent SBTMO position and a correspondence paper[42-52]. It is well known that 
autologous HSCT provided treatment-free remission in a large number of patients, but 
the majority persisted with histological evidence of disease. A pilot study of non-
myeloablative allogeneic HSCT reported the data of nine CD patients after five years 
of follow-up[53]. In three patients, unselected matched sibling PBSCs were used and 
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umbilical cord blood was used in six patients. The inclusion criteria for allogeneic 
HSCT were related to the severity and refractoriness to conventional treatments 
similar to those described in other studies. The non-myeloablative conditioning 
regimen used was cyclophosphamide, alemtuzumab, and fludarabine. Calcineurin 
inhibitor for six to nine months was used to prevent graft vs host disease (GVHD). No 
patient died during transplantation. No patient had acute GVHD, and one had limited 
chronic GVHD, One patient died three months after allogeneic Umbilical Cord Blood 
(UCB) HSCT from disseminated adenovirus, and the other eight patients are alive 
without CD therapy or disease symptoms. Curiously, of five allogeneic UCB 
recipients, none had GVHD, and none had CD3+ and CD33+ donor engraftment after 
six months. Thus, the door is open to allogeneic UCB HSCT for CD[53].

CONCLUSION
The challenge is to replicate the most recent Chicago HSCT results and continue to 
make transplantation safer with a better understanding of the mechanism of HSCT 
and cell therapy in modifying the natural history of CD.
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