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supports the hypothesis that the hemolymphatic cells 
play a key role in CD and that resetting of the immune 
system may be a critical approach in the management or 
cure of CD.
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INTRODUCTION
Crohn’s disease (CD) is a chronic inflammatory disease of  
the gastrointestinal tract which commonly affects young 
adults. It follows a relapsing and remitting course and 
there is no known cure. However, approximately 10% to 
15% have chronic unremitting active disease, with only 
10% remaining in remission over many years[1]. A recent 
systematic review of  population based cohorts estimated 
the prevalence of  CD to be 26.0 to 198.5 cases per 
100 000 persons and the incidence to be 3.1 to 14.6 cases 
per 100 000 person-years in North America[1]. In Europe 
the overall incidence per 100 000 person-years was 5.6[2]. 
Health related quality of  life and general quality of  life is 
lower in Crohn’s disease patients compared to the normal 
population[3] and quality of  life is inversely related to active 
disease, hospitalization and surgery[4-7]. Achieving disease 
remission improves overall health related quality of  life, 
employment rate, mental and physical functioning[8,9]. In 
three trials patients with CD have increased mortality 
compared to the normal population. Standardized 
mortality ratios were 1.4, 1.51 and 1.3 respectively[10-12]. 
Loftus et al[13] also showed that 20 year survival was 79% 
for those with CD versus 86% in the normal population. 
A recent study revealed that up to 32% of  all deaths in 
patients with CD are directly related to complications of  
their disease[14].

Economic consequences for CD relates both to the 
loss of  productivity, as CD most commonly affects adults 
in their working years, and the costs of  hospitalization, 
medical and surgical treatment. Longobardi et al [15] 
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Abstract
AIM: To review all studies in the literature that have 
assessed Hematopoietic cell transplantation (HCT) 
and Crohn’s disease (CD) with the ultimate aims of 
determining if this is a viable treatment option for those 
with CD. A secondary aim was to review the above 
literature and determine if the studies shed further light 
on the mechanisms involved in the pathogenesis of CD.

METHODS: An extensive Medline search was performed 
on all articles from 1970 to 2005 using the keywords; 
bone marrow transplant, stem cell, hematopoietic cell, 
Crohn’s disease and inflammatory bowel disease.

RESULTS: We identified one case in which a patient 
developed CD following an allogeneic HCT from a sibling 
suffering with CD. Evidence for transfer of the genetic 
predisposition to develop CD was also identified with 
report of a patient that developed severe CD following 
an allogeneic HCT. Following HCT it was found that the 
donor (that had no signs or symptoms of CD) and the 
recipient had several haplotype mismatches in HLA class 
Ⅲ genes in the IBD3 locus including a polymorphism 
of NOD2/CARD15 that has been associated with CD. 
Thirty three published cases of patients with CD who 
underwent either autologous or allogeneic HCT were 
identified. At the time of publication 29 of these 33 
patients were considered to be in remission. The median 
follow-up time was seven years, and twenty months for 
allogeneic and autologous HCT respectively. For patients 
who underwent HCT primarily for treatment of their 
CD there have been no mortalities related to transplant 
complications.

CONCLUSION: Overall these preliminary data suggest 
that both allogeneic and autologous HCT may be 
effective in inducing remission in refractory CD. This 
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estimated the cost of  non participation in the labour 
force in 1998 to be 104.2 million dollars in Canada for 
patients with inflammatory bowel disease. A study of  
Crohn’s disease patients in the United States found that 
surgery accounts for the majority of  hospitalization 
and 40% of  the total cost of  hospitalization[16]. Crohn’s 
disease patients who suffer an acute exacerbation requiring 
hospitalization in the United Kingdom have a 20 fold 
increase in healthcare costs compared to patients with 
stable disease[17].

Present therapy is aimed at relieving inflammation 
and treating signs and symptoms. Therapy consists of  
non-specific anti-inflammatory agents such as 5-ASA, 
glucocorticoids, immunomodulators, and anti-tumor 
necrosis factor therapy. The goals of  therapy should 
include the induction and maintenance of  remission and 
an attempt to heal mucosa with the ultimate goal being 
restitution of  normal intestinal function. Despite the 
growing use of  immunomodulators and new biologic 
agents the need for intestinal resection has remained 
stable[18]. Within five years of  diagnosis of  CD up to 43% 
of  patients require surgical intervention[19]. The impact of  
infliximab, a monoclonal antibody to tumor necrosis factor 
has been substantial in treating patients with CD who were 
previously refractory to standard treatment. In our center 
response rates to infliximab are 75%-78%. However, the 
use of  infliximab is often limited by its cost. In Canada 
the median cost of  one year of  infliximab maintenance 
is $27 000. For those patients who do not respond to 
infliximab currently there is no standard medical therapy. 
The goal of  this review is to discuss one current area of  
research in hematopoietic cell transplantation and Crohn’s 
disease. 

HemaTOpOIeTIC Cell TRaNsplaN-
TaTION (HCT) IN OTHeR aUTOImmUNe 
DIseases
HCT includes conditioning (high dose chemotherapy, 
total body irradiation and/or anti-lymphocyte antibodies) 
followed by the infusion of  the hematopoietic cells. 
The hematopoietic cells are either directly harvested 
from the marrow or mobilized from marrow to blood 
(for e.g. by filgrastim) and harvested by apheresis. In 
case of  autologous transplantation for autoimmune 
diseases, the graft is typically depleted of  T cells (e.g. 
by immunomagnetic selection of  CD34 cells) to reduce 
the likelihood of  reinfusing presumed disease-causing T 
cells. In spite of  this, a small number of  T cells may be 
reinfused and some T cells may survive the conditioning. 
Allogeneic HCT should theoretically be associated with 
a higher likelihood of  cure of  an autoimmune disease 
than autologous HCT, as typically there is a graft-vs-
host reaction that eliminates the presumed disease-
causing T cells that survived conditioning. On the other 
hand, due to graft-vs.-host disease (GVHD), allogeneic 
transplantation is typically associated with higher 
transplant-related morbidity and mortality. For this reason, 
far more autologous than allogeneic transplants have been 
performed for various autoimmune diseases, in an attempt 

to “reset the immune system”.
HCT has been performed in more than 700 patients 

with autoimmune diseases [20]. The most frequent 
indications have been systemic sclerosis (SSc), multiple 
sclerosis (MS), rheumatoid arthritis (RA), and systemic 
lupus erythematosus (SLE) (Figure 1). The results are 
reviewed below. For MS, the European Blood and Marrow 
Transplant (EBMT) registry reported data on autologous 
transplantation in 85 patients with severe progressive 
disease given cyclophosphamide and/or growth factors for 
stem cell mobilization, then combination chemotherapy ± 
total body irradiation (TBI) and anti-lymphocyte globulin. 
Transplant related mortality at three years was 6% with 
progression free survival of  74% and overall survival 
90%[21]. Marked improvement in gadolinium-enhancing 
MRI lesions was seen. Unfortunately, filgrastim-induced 
neurological deterioration was seen in 22 patients; this was 
typically transient but six patients had persistent deficits. 
Recently updated analysis of  183 patients reported to the 
EBMT registry reveals 5.5% treatment-related mortality[20].

Several single-center PhaseⅠ/Ⅱ studies with 15 or 
more patients have been completed in Europe and show 
a progression-free survival at one to three years ranging 
from 70% to 80% with transplant-related mortality 
ranging from 0%-3%[22]. A US multicenter PhaseⅠ/Ⅱ 
study of  26 MS patients who received autologous stem 
cell transplant after conditioning with cyclophosphamide, 
TBI and anti-thymocyte globulin (ATG) conditioning 
and granulocyte colony stimulating factor (G-CSF) 
mobilization demonstrated a three year projected survival 
of  91% and disease progression of  27% at 24 mo median 
follow-up[23]. One patient had a neurological flare during 
filgrastim therapy and one deteriorated during transplant; 
prophylactic steroid use may have prevented this in 
further patients. A Phase Ⅲ randomized trial is underway 
in Europe (ASTIMS trial) comparing autologous HCT 
using high dose chemotherapy (carmustine, etoposide, 
araC and melphalan) and ATG vs low dose chemotherapy 
(mitoxantrone) alone.

Systemic sclerosis (SSc) is a debilitating multiorgan 
disease with a mortality rate of  40% to 50% at five years 
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Figure 1  Number of hematopoietic cell transplants for multiple sclerosis (MS), 
scleroderma/systemic sclerosis (SSc), rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE) and Crohn’s disease (CD) registered to the Center for 
International Blood and Marrow Transplant Research (CIBMTR) by 30 teams in 
North America, by September, 2005.

6666      ISSN 1007-9327      CN 14-1219/R     World J Gastroenterol       November 7, 2006    Volume 12    Number 41

www.wjgnet.com



in high risk patients with high skin scores and involvement 
of  the heart, lung or kidney[24-26]. Per the EBMT/EULAR 
(European League Against Rheumatism) registry, of  
the first 57 patients transplanted for SSc, 50 have been 
followed up for more than 6 mo (median 22.9 mo) and 
had an overall functional response rate of  92% (14 
complete responses, 35 partial responses) and no response 
in 8%[27]. Skin score improvement > 25% was durable at 
two years in 79% of  patients and lung function remained 
stable overall. Of  responding patients, 35% showed 
evidence of  relapse at nine months with projected 48% 
disease progression at five years and 72% survival at one 
year. Treatment-related mortality was 8.7%. In a US study 
of  30 SSc patients of  autologous HCT using conditioning 
with cyclophosphamide, TBI and anti-thymocyte globulin 
(ATG) resulted in 75% of  patients surviving at median 
follow-up of  36 mo with 12 of  12 assessable patients 
showing significant improvement in skin scores or the 
Health Assessment Questionnaire (HAQ) disability 
index at 12 mo[28]. Two of  the first eight patients died 
of  pulmonary toxicity, prevented in subsequent patients 
by lung shielding during TBI, two other patients died of  
treatment-related causes and two of  progressive disease. In 
19 assessable patients major organ function (lung, cardiac, 
renal) was stable. A French study showed response in 8 
of  11 patients given autologous transplant with 36% of  
patients deceased at 18 mo follow-up (three of  disease, one 
of  treatment-related mortality)[26]. Four other patients had 
active SSc requiring treatment 6-12 mo post transplant. A 
phase Ⅲ trial is now accruing patients in Europe (ASTIS 
trial), comparing monthly pulse IV cyclophosphamide 750 
mg/m2 for 12 mo vs autologous HCT using mobilization 
with cyclophosphamide/filgrastim and conditioning with 
cyclophosphamide/ATG. No deaths have been seen in the 
first 42 patients. Another Phase Ⅲ trial has been recently 
opened in the US (SCOT trial), comparing monthly pulse 
Ⅳ cyclophospamide (also 750 mg/m2 for 12 mo) versus 
autologous HCT using cyclophosphamide/filgrastim 
mobilization and conditioning with cyclophosphamide, 
ATG and total body irradiation.

For RA treated with autologous HCT, EBMT registry 
data revealed no treatment-related mortality in 76 patients 
who had failed a median of  five disease-modifying anti-
rheumatic drugs (DMARDS) at a mean follow-up of  16 
(3-55) mo[29]. Two thirds of  patients obtained American 
College of  Rheumatology score improvements of  50% 
or better (ACR50), improved function on the HAQ, and 
tender joints improved for at least 18 mo despite the 
need for 73% of  patients to restart DMARDs within 
1 year. In a small study of  14 Dutch patients, 8 of  12 
patients responded although 57% required reintroduction 
of  DMARDS at a median of  105 d; three of  these 
heavily treated and refractory patients then responded to 
DMARDS[30]. Thirty three Australian patients revealed 
no treatment related mortality with an ACR20 in 70% of  
patients and ACR20 in 39%, but disease recurred in 29 
patients, at a mean of  180 d[31]. Further studies may clarify 
the role of  HCT in rheumatoid arthritis in the context of  
newer biologic therapies.

Systemic lupus erythematosus has diverse clinical 
manifestations and an overall survival at ten years of  

90%, with a subset of  patients refractory to standard 
immunosuppressive therapy. In a study of  17 patients 
with refractory SLE given cyclophosphamide for stem 
cell collection, followed by cyclophosphamide, ATG, 
and methylprednisolone, 11% died after mobilization 
of  treatment-related toxicity[32]. Follow up at 2 to 66 mo, 
revealed no deaths in the other 15 patients, with significant 
reductions in autoantibody titers, prednisone requirements, 
proteinuria and improved serum complement levels. Two 
of  seven patients followed more than 30 mo relapsed 
and required further treatment. In the EBMT database, 
27 of  51 patients improved, another 14 improved with 
subsequent relapse, and 7 patients (11%) died[33].

Across all disease groups, mobilization regimens have 
been associated with toxicity - in the EMBT registry 
database there was a mortality rate of  1.5%, largely from 
cyclophosphamide cardiotoxicity and filgrastim- induced 
disease flares[34]. 

Treatment-related mortality in the first 470 patients of  
the EBMT registry who received an autotransplant was 7 
to 8% with marked differences between disease groups; 
although there was a rate of  12.5% in scleroderma patients, 
only 1 of  70 patients with rheumatoid arthritis died[34]. 
Death rates are likely related to severity of  underlying 
illness/organ dysfunction and in SSc is associated with 
pulmonary artery pressure > 50 mm Hg and total body 
irradiation without lung shielding[35]. Patient selection is 
key; there have been no deaths in the last 2 years in MS 
and SSc trials.

BONe maRROw DeRIveD Cells play a 
CRITICal ROle IN IBD
Genetic studies suggest that in patients with inflammatory 
bowel disease (IBD) there may be several defects in the 
hemolymphatic (“inflammatory”, hematopoietic cell-
derived) cells[36]. Mutations in the NOD2/CARD15 gene 
increase the risk of  developing Crohn’s disease. NOD2/
CARD15 is expressed in intestinal epithelial cells and 
monocytes/macrophages[37,38]. Recognition of  intracellular 
bacteria in intestinal epithelial cells is impaired in 2030insC 
mutant NOD2[39]. Interestingly presence of  NOD2 gene 
polymorphism, has also been associated with risk of  gut 
GVHD[40,41]. Holler et al[41] found that the presence of  sin-
gle nucleotide polymorphisms of  the NOD2/CARD15 
gene in both the recipient and donor increased the inci-
dence of  GVHD to 56% compared to 18% in cases with 
no mutations from either recipient or donor.

Interestingly, a 37 years old patient developed CD after 
receiving an allogeneic marrow transplant from a sibling 
that had CD[42]. Furthermore, genetic studies showed that 
another patient that developed severe CD following an 
allogeneic bone marrow transplant may have developed 
the disease due to the transfer of  known susceptibility 
genes[43]. In this case, CD developed following receiving 
marrow from a donor (that did not exhibit CD) but had 
several haplotype mismatches in HLA class Ⅲ genes in 
the IBD3 locus including a polymorphism of  NOD2/
CARD15 that has been associated with CD[43]. 

The role of  bone marrow-derived cells in the intestine 
following transplant is presently unclear. Both in animal 
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models as well as in patients it appears that bone marrow 
derived cells are involved in the healing process following 
intestinal injury and may contribute to various components 
of  the mucosa including myofibroblasts, endothelium as 
well as possibly the epithelium[44,45].

Given the above evidence for hematolymphatic 
cell playing an important role in IBD pathogenesis, a 
hypothesis has been put forth that HCT may induce 
remission of  IBD. See Figure 2 for the proposed 
(speculative) mechanism of  action. In this scenario 
macrophages (orange) present peptides (purple diamond) 
derived from patient cells or intestinal microorganisms 
(yellow) to T cells (green). The T cells become stimulated 
and secrete cytokines like tumor necrosis factor alpha 
(TNF-α) which can directly damage enterocytes and/or 
amplify the inflammatory response. The macrophages 
present the peptide by major histocompatibility complex 
(MHC) class Ⅱ (e.g., HLA-DR) and the T cells recognize 
the MHC-peptide complex through T cell receptors. Only 
macrophages and T cells are depicted here for simplicity, 
though other hematolymphatic cells (cells derived 
from hematopoietic stem cells) may participate in the 
pathogenesis, including neutrophils, eosinophils, dendritic 
cells and mast cells. Likewise, only enterocytes are depicted 
here despite other intestinal non-hematolymphatic cells 
like fibroblasts may participate in the pathogenesis. 
Genet ic predispos i t ion to CD may involve non-
hematolymphatic cells (e.g., altered genes needed for the 
healing of  epithelial cells from injury may be missing 
or altered) or hematolymphatic cells (e.g., altered genes 
needed for T cells to undergo apoptosis). The latter 
mechanism may prevail given the ability of  HCT to induce 
durable remission of  CD. The genetic predisposition 
to CD involving the hematolymphatic cells may be due 
to inherited DNA sequences (e.g., coding for HLA-
DR type capable of  presenting the pertinent peptide) or 
DNA sequences generated during ontogeny (e.g., coding 
for T cell receptor capable of  recognizing the peptide). 
Allogeneic HCT may cure CD by replacing all recipient 
hematolymphatic cells with donor hematolymphatic 
cells harboring DNA sequences that do not predispose 
to CD. Autologous HCT may cure CD by replacing the 
hematolymphatic cells which (or the ancestors of  which) 
generated the predisposing DNA sequence in ontogeny 

(e.g., the T cell clone capable of  recognizing the peptide) 
with healthy autologous hematolymphatic cells (e.g., T cell 
clones generated de novo in the thymus after the HCT that 
cannot recognize the peptide). The cells that are thought 
to be replaced by the allogeneic or autologous HCT are 
pointed out by the red arrows. The pathogenesis of  CD is 
based in part on the following references; [1-4].

allOgeNeIC HemaTOpOIeTIC Cell 
TRaNsplaNTaTION (HCT) IN CROHN’s 
DIsease
To date there are no reported cases of  allogeneic bone 
marrow or HCT performed for the primary treatment of  
CD. There are 14 patients reported in the literature that 
had CD and underwent allogeneic HCT for hematological 
disorders (Table 1). Ditschkowski et al[46] reported a case 
series in which 10 out of  11 patients remained free of  
inflammatory bowel disease following allogeneic HCT for 
hematological malignancy with a median follow-up time 
of  34 mo. Seven out of  the eleven patients had Crohn’
s disease. All patients received cyclophosphamide as part 
of  different conditioning regimens. All patients except 
for two received total body irradiation. The one patient 
with recurrent IBD symptoms after transplant failed to 
demonstrate any endoscopic or radiological recurrence 
of  IBD. There was one transplant-related mortality 
reported at ten months from opportunistic infection. 
The usefulness of  this study for the determination of  
whether allogeneic HCT may cure CD is limited by the 
fact that at the last follow up only two patients were off  of  
immunosuppressive drugs.

Lopez-Cubero et al[47] reported a case series of  six 
patients with Crohn’s disease who underwent allogeneic 
marrow transplantation for leukemia. Five of  these 
patients had active CD at the time of  transplant. All 
patients received cyclophosphamide and total body 
irradiation as conditioning therapy. Two patients had 
sclerosing cholangitis. One patient died of  sepsis at 3 mo 
post-transplant. The remaining five patients were free of  
CD related symptoms more than one year post transplant. 
Four of  these five patients had sustained remission of  
CD at 54 to 183 mo post-transplant. One patient had 
relapse of  CD at d 545 post transplant. Interestingly, the 
relapsed patient had mixed donor-host hematopoietic 
chimerism, whereas the four patients who achieved 
sustained remission were assumed to be complete chimeras 
as they had GVHD in the first two years after HCT. 
Immunosuppressive drugs were discontinued at least six 
months prior to the last follow up in the four patients with 
sustained CD remission. 

An additional case has been reported involving a 35 
year old male with CD who was transplanted for AML and 
at eight years post transplant was free of  symptoms and 
signs of  CD[48]. In summary of  the 14 published cases of  
allogeneic bone marrow or stem cell transplant in patients 
with CD, 11 patients have achieved remission (Table 2). 
The median follow up time was seven years. Of  seven 
patients followed for CD after they have discontinued 
immunosuppressive drugs, six patients are in remission of  
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Lumen

Replaced by 
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Macrophages

TNFα

Epithelial cell death
and/or barrier 
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T cells
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populations, T cell mediated cell death, 
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Figure 2  Pathogenesis of CD and proposed mechanism of action of HCT. See 
text for details.
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CD. There have been two transplant-related deaths among 
the 14 cases. 

aUTOlOgOUs HemaTOpOIeTIC Cell 
TRaNsplaNTaTION IN CROHN’s DIsease
To date there have been 19 patients who have been 
reported to have both Crohn’s disease and autologous 
HCT. Patients who underwent transplantation for the 
primary treatment of  Crohn’s disease had previously failed 
standard medical treatment including infliximab. The first 
case was published in 1993. A 41 year old female with non-
Hodgkin’s lymphoma and CD underwent an autologous 

bone marrow transplant. The follow-up period was short. 
However the patient was symptom free at six months[49]. 
Three additional cases who underwent transplant for 
malignancies have also remained in clinical remission[50-52]. 

Recently, Oyama et el[53] and colleagues reported a 
study in which 12 patients with refractory CD underwent 
autologous hematopoietic cell transplantation. All of  their 
patients had failed traditional medical treatment including 
infliximab with a minimal CDAI ≥ 250. Majority of  
these patients had a history of  surgery. Mobilization was 
with cyclophosphamide and filgrastim, and conditioning 
with cyclophosphamide and equine ATG. The peripheral 
blood stem cells were T-cell depleted. There was sustained 

Table 1  Allogeneic transplant cases

ALP: Alkaline phosphatase; AML: Acute myeloid leukemia; ATG: Antithymocyte globulin; CD: Crohn’s disease; CML: Chronic myeloid leukemia; Cy: 
Cyclophosphamide; EIM: Extraintestinal manifestations; HCT: Hematopoietic cell transplantation; MDS: Myelodysplastic syndrome; TBI: Total body irradiation; 
UC: Ulcerative colitis; Act: Activity; deplet: depletion.

Demographics
& indication
for HCT

Disease 
activity 
before 
HCT

Complications 
of IBD before 
HCT

IBD duration
(yr)

Donor 
type

Conditioning 
therapy

T cell 
deplet. 

Ditschkowski 
et al[46]

Total 11 patients
CD-7 
UC-4

Median age 41
Male: 5
Female: 6 
CML: 9
AML: 1
MDS: 1

Inactive: 5
Low Act: 6

Fistulae: 3
Obstruction: 2
EIM: 2
Surgery: 4

Median: 10 HLA- identical 
    sibling - 8 
HLA- identical 
    unrelated donor- 2
Mismatched 
    unrelated donor- 1

TBI + Cy: 6
TBI + Cy + ATG: 1
TBI + Cy + ATG +  
     thiotepa: 1
TBI + Cy + thiotepa:1
Busulfan + Cy: 2

Yes: 3
No: 8

Lopez-Cubero 
et al[47]

27 Male
CML

Inactive EIM 11 HLA- match
brother

TBI + Cy No

27 Male 
CML

Active Obstruction 
Fistula

  5 HLA- match
sister

TBI + Cy No

41 Male
CML

Active Surgery
Fistula
EIM

  9 HLA- match
sister

TBI + Cy No

41 Male
CML

Active Sclerosing 
cholangitis

  8 HLA- match
unrelated donor

TBI + Cy No

38 Male
CML

Active Surgery
EIM, ↑ ALP

  3 One antigen 
mismatched brother

TBI + Cy No

46 Male
AML

Active Sclerosing 
cholangitis

29 HLA- match
sister

TBI + Cy No

Talbot et al[48] 35 Male
AML

Active Surgery   7 HLA- match
brother

TBI + Cy No

Table 2  Outcomes of allogeneic transplant cases

GVHD: Graft versus host disease.

GVHD Duration of 
immunosuppressant 
post HCT (mo)

Length of follow up 
(mo)

Remission
of CD

Ongoing CD
medication or
immunosuppressant

Ditschkowski 
et al[46]

Acute: 8
Chronic: 0

2 patients off 
immunosuppressants

3-117
Median 34

Yes: 6
No: 1

Not stated

Lopez-Cubero et al[47] Acute and Chronic 10 183 Yes No
Acute and Chronic 70 119 Yes No
Acute 6 70 Died of suicide No - recurrent d 545 Prednisone
Acute and Chronic 18 101 Yes No
Acute and Chronic 48 54 Died of 

myocardial infarction
Yes No

Acute Not detected Died of septic shock d 97 Not detected Not detected
Acute 2 96 Yes No
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remission (CDAI ≤ 150) in 11 of  12 patients after a 
median follow-up of  18.5 mo. One patient experienced 
CD relapse at 15 mo post-transplant. All patients tolerated 
the BMT well and there were no transplant-related deaths. 
One patient died of  accidental cause at 37 mo post HCT. 
Follow-up was at 6 and 12 mo post HCT and then yearly, 
and included at each visit small bowel radiograph and 
colonoscopy. 

Collectively, 18 out of  19 patients have achieved 
clinical remission over a median follow up time of  20 mo 
(Table 3). Only two of  these patients are on any ongoing 
medications again suggesting that HCT may result in CD 
remission without any need for ongoing medications. 
Fourteen of  these patients underwent autologous HCT 
for primary treatment of  their CD. The majority of  these 
18 patients had active disease prior to HCT with a history 
of  CD complications including surgery and failure of  
infliximab therapy in patients where the primary indication 
for HCT was CD. There has been no mortality related to 
transplant complications. 

HCT veRsUs ImmUNOsUppRessION/
gCsF alONe
Cyc lophosphamide and GCSF were used as the 

mobilization regimen in the study by Oyama et al [54]. 
Arguably these two agents may explain part of  the success 
of  the HCT as cyclophosphamide has been shown to be 
effective in achieving remission in Crohn’s disease and 
GCSF may shift the Th1/Th2 balance toward Th2 (whereas 
Th1 cells predominate in CD)[55]. In pediatric patients with 
IBD, IBD improved during treatment of  glycogen storage 
disease with GCSF[56]. More recently a randomized placebo 
control trial showed an improvement in CDAI score and 
rates of  remission with GCSF in CD[57].

However, th ree cases sug ges t tha t sus ta ined 
clinical remission with HCT is likely not due just to 
cyclophosphamide and GCSF. Scime et al[58] reported 
a case of  a 55 year old male who underwent HCT for 
primary treatment of  CD. He showed no improvement in 
colonic lesions one month after mobilization therapy with 
cyclophosphamide and GCSF. He subsequently achieved 
both significant endoscopic and histological improvement 
after autologous HCT. Five months after HCT the patient 
remains in clinical remission. Kreisel et al[59] describe 
a 36 year old male who also underwent HCT for the 
primary treatment of  CD. He continued to have persistent 
histological changes and recurrent CD nine months after 
mobilization therapy with cyclophosphamide and GCSF 
(before HCT). Ten mo after HCT the CD was improved, 

Table 3  Autologous transplant cases

AML: Acute myeloid leukemia; ATG: Antithymocyte globulin; BCNU: Carmustine; CD: Crohn’s disease; Cy: Cyclophosphamide; D: Duration of Crohn’s disease 
in years; DHP: Dexamethasone, high dose Ara-C, platinum; EIM: Extraintestinal manifestation; GR: Growth retardation; NHL: Non Hodgkin’s lymphoma; NS: 
Not stated; TBI: Total body irradiation. VP-16: Etoposide; Mtx: Methotrexate; pred: prednisone; Remiss: Remission; meds: medications; deplet: depletion.

 Demographics
& indication
for HCT

Disease
activity
before 
HCT

Complications 
of CD

Duration
of CD
(yr)

Mobilization Conditioning T cell
deplet

Length of 
follow-up 
(mo)

Remiss. 
of CD

Ongoing 
meds

Oyama[53] 21 Female CD Active Fistulae, Surgery 10 Cy + GCSF Cy + ATG   Yes 37    Yes   No
16 Male CD Active Fistulae, Obstruction, GR   7 Cy + GCSF Cy + ATG   Yes 36    Yes   No
38 Female CD Active Fissures, Obstruction, Surgery 20 Cy + GCSF Cy + ATG   Yes 27    Yes   No
27 Female CD Active Fistulae, EIM, Surgery 12 Cy + GCSF Cy + ATG   Yes 25    No   Mtx, pred.
35 Male CD Active Fistulae, Obstruction, Surgery 12 Cy + GCSF Cy + ATG   Yes 24    Yes   No
27 Female CD Active Fistula, Surgery   6 Cy + GCSF Cy + ATG   Yes 20    Yes   No
25 Male CD Active Perianal disease, Surgery 13 Cy + GCSF Cy + ATG   Yes 17    Yes   No
15 Male CD Active EIM, GR, Surgery   8 Cy + GCSF Cy + ATG   Yes 16    Yes   No
31 Female CD Active Perianal disease, EIM, Surgery 10 Cy + GCSF Cy + ATG   Yes 14    Yes   No
37 Male CD Active Perianal disease   6 Cy + GCSF Cy + ATG   Yes 14    Yes   No
16 Male CD Active Fistula, EIM      1.5 Cy + GCSF Cy + ATG   Yes   7    Yes   No
27 Male CD Active Perforation, EIM, Surgery 14 Cy + GCSF Cy + ATG   Yes   7    Yes   No

Scime[58] 55 Male CD Active EIM   2 Cy + GCSF Cy + ATG   Yes   5    Yes   No
Kreisel[59] 36 Male CD Active Fistulae, Abscess, Surgery 14 Cy + GCSF Cy   Yes 10    Yes   Mtx, pred.
Soderholm[52] 57 Female AML NS Obstruction, Fistula, Surgery NS NS Cy + TBI   No 60    Yes   No
Musso[60] 30 Male

Hodgkin’s 
Lymph. 

Active Surgery 10 Cy + GCSF Idarubicin
Melphalan

  NS 39    Yes   No

Kashyap[51] 20 Male NHL NS Perianal disease,
Obstruction, Surgery

  8 DHAP Cy + TBI +  
VP-16

  No 84    Yes   No

Castro[50] Age NS, Female
Breast ca

Active NS 11 NS NS   NS 36    Yes   Asacol

Drakos[49] 41 female NHL Inactive Fistula, Surgery 22 NS BCNU + VP-
16 + Cy  + Ara-C
  +  melphalan

  NS   6    Yes   No
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in clinical remission with minimal histological changes. A 
third case involved a 30 year old male who underwent an 
autologous transplant for Hodgkin’s lymphoma. He had 
partial improvement of  his CD after mobilization therapy, 
however, required persistent steroid therapy. At 38 mo 
after HCT he remains in clinical remission[60].

In Europe a randomized Phase Ⅲ trial of  autologous 
stem cell transplantation in Crohn’s disease (ASTIC) 
has been established that should answer the question of  
whether the autologous transplantation adds significantly 
to the effect of  immunosuppression/GCSF alone. 
Patients are randomized into those receiving mobilization 
chemotherapy with GCSF only versus mobilization 
chemotherapy with GCSF followed by autologous 
transplantation[61].

sUmmaRy OF HCT Cases IN CD
In total there are now 33 cases published of  patients 
with CD who underwent either autologous or allogeneic 
bone marrow or hematopoietic stem cell transplantation. 
Twenty nine out of  these thir ty three patients are 
considered in remission. There were two cases of  
transplant related mortality. Importantly of  the fourteen 
cases transplanted primarily for treatment of  CD there 
have been no mortalities related to the transplant. Overall 
these preliminary data suggest that both allogeneic and 
autologous HCT may be effective in inducing remission 
in refractory CD. This supports the hypothesis that 
the hematolymphatic (inflammatory, bone marrow-
derived) cells play a key role in CD and that resetting 
of  the immune system may be a critical approach in the 
management or cure of  CD.

The course of  many autoimmune diseases including 
CD is by nature relapsing and remitting, underscoring the 
need for control populations with comparable severity 
of  disease to evaluate outcomes in HCT. There is a need 
for objectively validated disease severity scoring, and for 
establishing prognostic indicators to identify candidates 
at high risk for poor disease outcome who might benefit 
from aggressive treatment. Of  the cases where transplant 
was the primary treatment for CD, there have been no 
transplant related mortalities. However HCT for CD 
has to be approached with caution as transplantation 
for other autoimmune diseases has been associated with 
a transplant-related mortality of  0 to 25% (Passweg, 
personal communication on the ASTIS trial)[21,22,26-28, 33, 34].

Potential candidates for phase Ⅱ/Ⅲ trials would 
include patients who have failed standard medical 
treatment including infliximab (or can not tolerate it), who 
are unlikely to benefit from further surgery, and those with 
severe fistulizing disease not responding to conventional 
treatment. 
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