
doi:10.1182/blood-2010-06-292391 
Prepublished online Sep 13, 2010;
2010 116: 6123-6132
 
 
 

 
and Yu Oyama 
Bucha, Alessandro Testori, Amy Halverson, Larissa Verda, Willem J. S. de Villiers, Borko Jovanovic 
Richard K. Burt, Robert M. Craig, Francesca Milanetti, Kathleen Quigley, Paula Gozdziak, Jurate
 

 follow-up
patients with severe anti-TNF refractory Crohn disease: long-term 
Autologous nonmyeloablative hematopoietic stem cell transplantation in

 http://bloodjournal.hematologylibrary.org/cgi/content/full/116/26/6123
Updated information and services can be found at: 

 (3048 articles)Clinical Trials and Observations �
 (1588 articles)Transplantation �

 collections: BloodArticles on similar topics may be found in the following 

 http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
Information about reproducing this article in parts or in its entirety may be found online at: 

 http://bloodjournal.hematologylibrary.org/misc/rights.dtl#reprints
Information about ordering reprints may be found online at: 

 http://bloodjournal.hematologylibrary.org/subscriptions/index.dtl
Information about subscriptions and ASH membership may be found online at: 

. Hematology; all rights reservedCopyright 2011 by The American Society of 
Washington DC 20036.
by the American Society of Hematology, 2021 L St, NW, Suite 900, 
Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly
 
 
 
 

 only.
For personal use at GALTER HEALTH SCIENCES LIBRARY on January 22, 2011. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org/cgi/content/full/116/26/6123
http://bloodjournal.hematologylibrary.org/cgi/collection/transplantation
http://bloodjournal.hematologylibrary.org/cgi/collection/clinical_trials_and_observations
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#reprints
http://bloodjournal.hematologylibrary.org/subscriptions/index.dtl
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl
http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


TRANSPLANTATION

Autologous nonmyeloablative hematopoietic stem cell transplantation in
patients with severe anti-TNF refractory Crohn disease: long-term follow-up
Richard K. Burt,1 Robert M. Craig,1,2 Francesca Milanetti,1 Kathleen Quigley,1 Paula Gozdziak,1 Jurate Bucha,1

Alessandro Testori,1 Amy Halverson,3 Larissa Verda,1 Willem J. S. de Villiers,4 Borko Jovanovic,5 and Yu Oyama1

Divisions of 1Immunotherapy and 2Gastroenterology, Department of Medicine, and 3Department of Surgery, Northwestern University Feinberg School of
Medicine, Chicago, IL; 4Division of Digestive Diseases and Nutrition, University of Kentucky Medical Center, Lexington, KY; and 5Department of Preventive
Medicine, Northwestern University Feinberg School of Medicine, Chicago, IL

We evaluated the safety and clinical out-
come of autologous nonmyeloablative he-
matopoietic stem cell transplantation
(HSCT) in patients with severe Crohn
disease (CD) defined as a Crohn Disease
Activity Index (CDAI) greater than
250, and/or Crohn Severity Index greater
than 16 despite anti–tumor necrosis fac-
tor therapy. Stem cells were mobilized
from the peripheral blood using cyclo-
phosphamide (2.0 g/m2) and G-CSF
(10 �g/kg/day), enriched ex vivo by

CD34� selection, and reinfused after
immune suppressive conditioning with
cyclophosphamide (200 mg/kg) and
either equine antithymocyte globulin
(ATG, 90 mg/kg) or rabbit ATG (6 mg/kg).
Eighteen of 24 patients are 5 or more
years after transplantation. All patients
went into remission with a CDAI less
than 150. The percentage of clinical re-
lapse-free survival defined as the percent
free of restarting CD medical therapy
after transplantation is 91% at 1 year,

63% at 2 years, 57% at 3 years, 39% at
4 years, and 19% at 5 years. The percent-
age of patients in remission (CDAI < 150),
steroid-free, or medication-free at any
posttransplantation evaluation interval
more than 5 years after transplantation
has remained at or greater than 70%,
80%, and 60%, respectively. This trial was
registered at www.clinicaltrials.gov as
NCT0027853. (Blood. 2010;116(26):
6123-6132)

Introduction

Crohn disease (CD) is a chronic illness, immunologically medi-
ated, of unknown etiology but probably induced by an exposure to
intestinal bacteria or their component antigens leading to an
excessive T helper type 1–mediated chronic inflammation of the
gastrointestinal (GI) tract in patients with genetic susceptibility.1,2

Regardless of the therapy used, some patients remain seriously ill
with active disease after all therapeutic options have been ex-
hausted.3-12 Although not well characterized, a distinct excessive
mortality from CD exists in this group of patients.13-20 In addition,
patients with severe, refractory disease suffer from an inability to
eat, frequent nausea, vomiting, diarrhea, malnutrition, growth
retardation in children, fistulas, abdominal pain, extra-intestinal
symptoms, psychologic distress from an ileostomy or colostomy
bag, iatrogenic addiction to narcotics, toxicities of standard thera-
pies, and multiple surgeries that may lead to short-gut syndrome,
chronic total parenteral nutrition, and liver failure. Because of our
experience using nonmyeloablative hematopoietic stem cell trans-
plantation (HSCT) in autoimmune diseases such as systemic lupus
erythematosus,21 multiple sclerosis,22 and type 1 diabetes melli-
tus,23 we began in 2001 on an autologous nonmyeloablative HSCT
study for severe, anti–tumor necrosis factor (TNF) refractory CD.

Although autologous HSCT using a myeloablative regimen
causes irreversible bone marrow failure, thus requiring mandatory
hematopoietic stem cell (HSC) reinfusion, nonmyeloablative regi-
mens, as used in this study, halt inflammation without irreversibly
altering the ability of bone marrow to recover.24 Following a
nonmyeloablative regimen, autologous stem cells are infused as a

supportive blood product to hasten recovery and shorten duration
of neutropenia and cytopenia.

The rationale for autologous HSCT is that the conditioning
regimen induces an immediate immune cease-fire, whereas the
stem cells regenerate self-tolerant lymphocytes in the posttransplan-
tation noninflammatory terroir (environment).24 In support of this
rationale, we have demonstrated in patients with multiple sclerosis,
an “immune reset” accompanied by a surge in recent thymic
emigrants and generation of a new and diverse T cell repertoire
after transplantation.25 We have also reported in patients with
systemic lupus erythematosus that HSCT results in posttransplant
tolerance to lupus-specific histone epitopes as well as a surge in
CD8�CD103�FoxP3� and CD4�CD25�FoxP3� regulatory T cells
(Treg) cells.26

Previously both the Milan group and we have reported benefi-
cial short-term clinical outcome after nonmyeloablative autologous
HSCT in 4 and 12 subjects, respectively.27,28 We describe in
this study our long-term follow up of 24 patients including the
12 patients in our prior publication.28

Methods

Study design

This phase 1/2 study was designed to investigate safety and efficacy of
nonmyeloablative autologous HSCT using high-dose cyclophosphamide,
antithymocyte globulin (ATG), and autologous CD34� cell–enriched HSC
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in chronic active CD patients refractory to conventional therapies including
anti-TNF inhibitor.

Patient selection

The patients and/or their parents read and signed an informed consent in
accordance with the Declaration of Helsinki under Institutional Review
Board and the United States Food and Drug Administration (FDA)
approved study IDE 7846. Candidates for HSCT had to have clinical and
histologic evidence of CD, be between age 14 and 60, and failed
conventional therapy including the chimeric anti-TNF monoclonal anti-
body infliximab. With the advent of FDA approval of adalimumab
(humanized anti-TNF antibody) in 2007, we included failure to respond to
adalimumab in those allergic to infliximab. Each subject had a persistent
Crohn Disease Activity Index (CDAI) of 250 to 400 or a Crohn Severity
Index (CSI) greater than 16 (Table 1). All of the 12 original study subjects
had severity indices greater than 16 in addition to CDAI greater than 250.28

Because of limitations of the CDAI, the FDA approved the enlisting of
subsequent subjects with CSI at 17 or greater even though some did not
meet the CDAI score of 250. Subjects with significant heart disease, liver
disease unrelated to CD, hematologic disease, active infection, toxic
megacolon, active bowel obstruction, or intestinal perforation were ex-
cluded. Fistulizing and stricturing CD were not excluded.

Peripheral blood stem cell harvest

Peripheral blood stem cells were mobilized with cyclophosphamide 2 g/m2

followed by granulocyte colony-stimulating factor (G-CSF) 10 mcg/kg/day
beginning 5 days after cyclophosphamide. On day 10 after cyclophospha-
mide, the white blood cells rebounded, and leukaphereses were continued
daily until an enriched target CD34� cell count (2.0 � 106/kg) was
achieved. T-cell depletion was performed by enrichment of CD34� cells
using Isolex 300i magnetic immunoselection (Baxter). The HSC graft was
cryopreserved until the date of transplantation (reinfusion).

Conditioning regimen

The conditioning regimen consisted of cyclophosphamide 50 mg/kg/day
for the 4 days before HSC infusion; in the first 10 subjects, 30 mg/kg/day
equine ATG for 3 days or, in the last 14 subjects, 6 mg/kg rabbit ATG,
divided over 5 days before HSC reinfusion. Mesna was administered along
with the cyclophosphamide to prevent hemorrhagic cystitis, and 1.0 g/day
methylprednisolone was administered before each dose of ATG to prevent
infusion reactions. G-CSF, 10 mcg/kg/day, was started 5 days after reinfu-
sion and continued until the absolute neutrophil count reached 500/�L.

Supportive care

Patients were treated on a high-efficiency particulate air–filtered medical
floor. A low microbial diet, 500 mg oral ciprofloxacin twice daily, 400 mg
fluconazole once daily, 500 mg metronidazole 3 times daily, 500 mg
acyclovir 3 times daily, and aerosolized pentamidine, 300 mg upon
admission, were administered. When the absolute neutrophil count dropped
to less than 500/�L, the ciprofloxacin was discontinued and intravenous
piperacillin/tazobactam, 3.375 g every 4 hours, was started. Metronidazole
and piperacillin/tazobactam were stopped upon neutrophil recovery. Acyclo-
vir at 400 mg twice daily and fluconazole 400 mg once daily were
continued for 12 and 6 months after HSCT, respectively. Trimethoprim/
sulfamethoxazole double strength (160/800 mg) 3 times weekly was started
upon hematopoietic engraftment and continued for 6 months after HSCT.
Hemoglobin levels and platelet counts were maintained above 8 g/dL and
20 000/�L, respectively, with leukoreduced, irradiated and cytomegalovirus-
safe blood transfusions. All immunosuppressive and disease modifying
agents were discontinued upon the stem cell mobilization except systemic
corticosteroids that were tapered as out patients according to local
physicians.

Assessment of outcomes

Study parameters including clinical, laboratory, and CDAI and CSI28 (Table
1) were performed before transplantation, at 6 and 12 months after HSCT,

and then yearly for 5 years. For patients unable to return for follow up,
phone contact was initiated with documentation of interval medications,
surgeries, hospitalizations, symptoms, and local laboratory values. CDAI
and CSI scores were obtained in patients who returned for physician
evaluation. The primary outcomes were safety and clinical remission,
defined as either a CDAI score less than 150 and a CSI less than 12 or being

Table 1. Craig CSI study data

Feature Score

Diarrhea

3-10/d 1

�10/d 2

Pain

Intermittent cramping 1

Steady, mild to moderate 2

Steady, severe 3

Chronic opiate use for pain 2

Well-being

Fair 1

Poor 2

Terrible 3

Corticosteroid use 2

Immunosuppressive use 2

5-ASA or antibiotic use 1

Total parenteral nutrition use 3

Enteropathic arthritis/arthralgias 1

Hepatobiliary complication 2

Perianal fistula or abscess 2

Enteroentero fistula 2

Enterovaginal fistula 2

Enterovesical fistula 2

Enterocutaneous fistula 2

Perianal fissure, anal pain 1

Vulvar inflammation 1

Intestinal obstruction 2

Abdominal mass 2

Erythema nodosum 1

Pyoderma gangrenosa 2

Aphthous stomatitis 1

Iritis 2

Fever � 1 week 2

Weight loss

10% of usual 1

20% of usual 2

Hematocrit

1-5 less than normal 1

5 or more less than normal 2

Serum albumin

2.5-3.5 1

� 2.5 2

CRP abnormality 1

ESR � 20 1

Colonoscopic abnormality

Mild 1

Moderate 2

Severe 3

Small bowel radiographic inflammation .

Mild 1

Moderate 2

Severe 3

Upper GI endoscopy abnormality

Mild 1

Moderate 2

Severe 3

CRP indicates C-reactive protein; ESR, erythrocyte sedimentation rate; CSI,
Crohn severity index; and 5-ASA, 5-aminosalicylic acid.
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Table 2. Demographics of patients with Crohn disease undergoing HSCT

Patient
Age,
y/sex

CDAI
score (CSI)

Disease
duration, y/

location
Fistulae (stricture)

fever Prior surgery Narcotics
Prior medications/nutrition

support
Prior treatment
complications

1 21/F 305 (32) 10

A/SB/C

Anovaginal fever Sig rsx

SB rsx

yes CCS, 6-MP, MTX, IFX, AZA,

MES, MNZ, TPN

Rectal bleeding (MES)

2 16/M 271 (33) 7

SB/C

Perianal None no CCS, MES, MTX, AZA, 6-MP,

IFX, CPX, MNZ, tube feeding

None

3 38/F 277 (30) 20

SB/C/A

Perianal fever IC rsx

Sig rsx

yes CCS, MES, 6-MP, MTX, IFX,

CPX, MNZ

Bone marrow depression (6-MP)

Thrombocytopenia

Leukopenia (MTX)

4 27/F 285 (23) 12

C/A

Perianal A no CCS, MES, 6-MP, MTX, AZA,

MNZ, CPX, IFX, Interleukin-

11

Liver injury (AZA) Allergy (IFX)

Flu-like (6-MP)

5 35/M 307 (31) 12

C/SB/A

Perianal SB-SB

Fever

A yes CCS, MES, AZA, 6-MP, MTX,

CSA, CPX, IFX

None

6 27/F 253 (17) 6

C/SB/A

Rectovaginal A,

SB rsx IC rsx

no CCS, MES, AZA, 6-MP, MTX,

IFX, ETN, MNZ, CPX, TPN

Anaphylaxis (IFX)

Pancreatitis (AZA, MNZ)

7 25/M 282 (22) 13

SB/C/A

Perianal Sig rsx Ileostomy yes CCS, 6-MP, MTX, MNZ, CPX,

MMF, IFX

None

8 15/M 250 (23) 8

A/SB/C

None SB rsx (2) no CCS, MES, MTX, 6-MP, CPX,

MNZ, IFX, jejunal feeding

Pancreatitis (6-MP)

Anaphylaxis (IFX)

9 31/F 268 (23) 10

SB/C/A

Anorectal fever Sig rsx SB rsx

Div colost

yes CCS, MES, AZA, MNZ, CPX,

IFX, TPN

Allergy (MNZ)

10 37/M 298 (22) 6

A/C

Perianal fever None no CCS, MES, MTX, 6-MP, IFX,

CPX, MNZ

None

11 16/M 256 (23) 1.5

SB/C

Enterocut fever None yes CCS, MES, 6-MP, CPX, IFX.

TPN

None

12 27/M 298 (29) 14

A/C/SB

Enterocut fever Cecal rsx

Ileostomy

Standard colectomy

yes CCS, MES, AZA, 6-MP, MTZ,

IFX, TCL

None

13 25/F 207 (20) 12

SB/C

None Ileectomy

Proctectomy

yes CCS, AZA, SFD, MES, CSA,

IFX

Tremor and mental status

change (CSA)

14 18/F 210 (29) 12

A/SB/C

Perianal None yes CCS, AZA, MTX, 6-MP, TCL,

MES, MNZ, IFX, NTL

Pancreatitis (AZA) Anaphylaxis

(IFX) Renal failure (TCL)

15 28/M 264 (22) 10

SB/C

No Ileal rsx (3) yes CCS, MES, AZA, 6-MP, MTX,

MNZ, CPX, CSA, IFX

None

16 27/F 199 (18) 8

C/A

Perianal rectovaginal Partial colectomy

Total colectomy

yes CCS, MES, 6-MP, AZA, MTX,

MNZ, MTX, CSA, IFX

Steroid-induced psychosis

17 16/M 233 (24) 8

A/C/SB

Perianal None Yes CCS, MES, 6-MP, AZA, CYC,

MNZ, CPX, THA, MTX, IFX,

ADL, TPN

Neutropenia (6-MP) Liver toxicity

(CSA) Arrythmia and

anaphylaxis (IFX) Peripheral

neuropathy (THA)

18 24/F 191 (17) 6

Duod/C

None None Yes CCS, MES, 6-MP, AZA, MTX,

THA, CPX, MNZ, IFX

Anaphylaxis (IFX) Mental status

change (CCS and MNZ)

Seizures (CPX)

19 21/M 101 (23) 6

C/A

Enterovesical

Perianal

None No CCS, MES, 6-MP, AZA, MNZ,

IFX

Anaphylaxis (IFX)

Pancreatitis (6-MP)

20 29/M 228 (21) 9

Ileal/C/A

Perirectal Div colost Ileocolonic rsx Yes CCS, AZA, IFX, CPX, MNZ None

21 42/F 91 (17) 8

C/SB

None Proctocolectomy SB rsx

(3)

Yes CCS, MES, 6-MP, MMF, AZA,

MTX, CPX, MNZ, IFX, ADL

Petechiae (6-MP) Serum

sickness (IFX) Fever and

vomiting (AZA)

22 52/M 168 (20) 27

SB/C

None SB rsx (4) Yes CCS, MES, CPX, MNZ 6-MP,

AZA, MTX, IFX, ADL

Anaphylaxis (IFX)

Flu-like symptoms (ADL)

23 25/F 237 (24) 8

C/A

Perianal fever Fistulae Yes CCS, MES, MNZ, CPX, AZA,

6-MP, MTX, IFX, ADL

Edema (MES) Breathing

problems (IFX)

Peripheral neuropathy (MNZ)

24 31/F 181 (19) 17

A/SB/C

Perianal rectovaginal

(SB stx, Rectal stx)

Ileostomy

Partial colectomy X2

SB rsx X2

Yes CCS, AZA, CSA, IFX, ADL,

MNZ, TPN

Sepsis (IFX)

A indicates anal; C, colon; enterocut, enterocutaneous; duod, duodenum; SB, small bowel; rsx, resection; Sig, sigmoid; IC, ileocecal; Div colost, diverting colostomy; stx,
stricture; ADL, adalimumab; AZA, azathioprine; CCS, corticosteroids; CPX, ciprofloxacin; CSA, cyclosporine; CYC, cyclophosphamide; ETN, etanercept; IFX, infliximab;
6-MP, 6-mercaptopurine; MES, mesalazine; MMF, micophenolato-mofetil; MNZ, metronidazole; MTX-methotrexate; NTL, natalizumab; SFD, sulfadiazine; TCL, tacrolimus;
and THA, thalidomide; and TPN, total parenteral nutrition.
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asymptomatic and requiring no immunosuppressive medications. Second-
ary outcomes included: (1) medication-free remission defined as free of any
CD-related medication for at least 60 days before evaluation; (2) steroid-
free remission defined as being off all steroids of any type (absorbable or
nonabsorbable) for at least 60 days before evaluation; and (3) clinical
relapse-free survival defined as time free of CD medical therapy (excluding
posttransplantation corticosteroid taper) before restarting CD medication
for symptomatic disease after transplantation.

CD4�CD25� T cells

In the first 13 subjects CD4�CD25bright Treg cells were assessed in terms of
percentage of T cells and absolute number, using flow cytometry before and
at 6, 12, 24, and 36 months after the HSCT. Peripheral blood mononuclear
cells were separated using standard Ficoll gradient centrifugation. The
relative and absolute number of CD4�CD25bright cells was calculated using
cell cytometry. Fluorochrome-conjugated monoclonal antibody against
CD4, CD25, and CD3 and appropriate isotopic controls were purchased
from BD Pharmingen. Flow cytometry was performed on an Epics XL
(Beckman Coulter) running with CellQuest software. The Treg cell counts
of each subject were compared before and after transplantation and with
normal controls.

Genetic testing

The first 21 patients underwent genetic testing by molecular methods for
genotyping nucleotide binding oligomerization domain 2 (NOD2) variants
and Toll-like receptor 5 (TLR5) polymorphisms.29-35 All samples were
analyzed in one laboratory (Dr de Villiers, University of Kentucky Medical
Center). For NOD2, the allelic variants G908R, L1007P, and R702W were
assayed by polymerase chain reaction (PCR), amplification of the entire
sequence of exon 8 and exon 11, and the relevant segment of the large exon
4 of the NOD2/CARD15 gene, followed by restriction fragment length
polymorphism analysis. Genomic DNA was extracted from patient whole
blood using the Aqua Pure Genomic DNA kit from Bio-Rad. Three separate
PCR amplifications for each sample were carried out with the following
primer pairs: G908R for 5�-CCCAGCTCCTCCCTCTTC-3�/G908Rrev
5�-AAGTCTGTAATGTAAAGCCAC-3�; L1007 for 5�-GGCAGAAGC-

CCTCCTGCAGGGCC-3�/L1007fsrev 5�-CCTCAAAATTCTGCCATTCC-
3�; and R702W for 5�-AGATCACAGCAGCCTTCCTG-3�/R702Wrev 5�-
CACGCTCTTGGCCTCACC-3�. Oligonucleotide primers were custom
synthesized by Integrated DNA Technologies. PCR was carried out for 30
cycles with a temperature of 55°C. Restriction fragment length polymor-
phism analysis was carried out by restriction enzyme digestion (HhaI for
G908R, ApaI for L1007P, and MspI for R702W) and subsequent agarose
gel electrophoresis. HhaI and ApaI were obtained from Invitrogen, and
MspI was obtained from New England Biolabs. Genotypes were deter-
mined by band patterns resulting from digestion. For G908R, the absence of
a variant yields a 380-bp band. A heterozygote yields a 380-bp band as well
as 2 bands at 242 and 138 bp. A homozygote yields only the 242-bp and
138-bp bands. For L1007fs, a wild type yields a single band at 151 bp,
whereas the heterozygote yields the 151-bp band as well as 2 bands, at 131
and 20 bp. A homozygote yields only the 131-bp and 20-bp bands. Finally,
for the R702W assay, the wild type yields bands at 20, 35, 54, and 76 bp.
The heterozygote yields the aforementioned bands as well as a band at 130
bp, and the homozygote yields only the bands at 130, 35, and 20 bp.

TLR5 polymorphism genotyping was performed by PCR amplification
of TLR5 from genomic DNA followed by DdeI restriction enzyme
digestion. Genomic DNA was extracted from patient whole blood using a
Bio-Rad Aqua Pure Genomic DNA kit. For genotyping by DdeI restriction
digestion, a 276-bp PCR product was first generated with primers 5�-
GGTAGCCTACATTGATTTGC-3� (forward) and 5�-GAG AAT CTG
GAG ATG AGG TAC CCG-3� (reverse), digested with DdeI (New England
Biolabs) overnight at 37°C and separated on a 1.8% agarose gel. A
cytosine-thymidine transition at bp 1174 changes the arginine at amino acid
392 to a stop codon. This change results in a prematurely truncated TLR5 in
the extracellular domain and causes the loss of the transmembrane domain
and the entire signaling cytoplasmic tail. DdeI restriction enzyme digestion
selectively cuts the 276-bp PCR product encompassing the 1174T variant.

Statistical methods

Nonparametric one sample Wilcoxon Rank sum test was used to compare
previous HSCT values with the follow-up values at 6, 12, 24, 36, 48, and
60 months after HSCT for CDAI and CSI. A comparison between pre- and
post-HSCT values was tested using the null hypothesis.

Table 3. Crohn disease patient engraftment kinetics

Patient CD34 infused E6/kg CD3 infused E4/kg WBC engraft (d) Platelet engraft (d) No. RBC transfusions No. platelet transfusions Hospital discharge (d)

1 8.33 3.09 �10 �13 4 5 �13

2 4.40 0.49 �9 �9 4 2 �10

3 1.72 0.30 �11 �15 4 5 �12

4 6.81 1.69 �10 NA 6 2 �11

5 4.83 0.50 �9 �12 4 3 �11

6 9.84 0.46 �8 �16 5 22 �17

7 6.29 0.66 �10 �12 8 36 �10

8 4.65 0.56 �9 �9 2 1 �10

9 5.18 0.60 �8 �12 4 14 �10

10 8.35 0.88 �8 �10 4 2 �10

11 6.09 0.84 �10 �14 4 2 �13

12 4.05 0.57 �10 �8 6 1 �15

13 16.5 2.69 �9 �8 4 2 �10

14 2.88 0.34 �7 0 2 0 �8

15 2.33 1.32 �7 0 2 0 �8

16 9.37 0.2 �11 �8 7 2 �14

17 6.98 0.37 �9 �9 2 2 �11

18 1.82 0.46 �9 �10 4 1 �12

19 2.53 NA �8 0 2 0 �10

20 6.91 2.95 �8 0 5 0 �9

21 3.60 3.99 �10 �14 2 8 �14

22 7.37 3.19 �9 �10 4 5 �10

23 11.65 1.17 �10 NA NA NA �13

24 9.98 1.04 �9 �10 3 4 �18

mean 6.35 1.23 �9 �9 4 5 �11

NA indicates not available; and d, day.
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Results

Patient demographics and pre-HSCT disease manifestations

A total of 25 patients were enrolled, but 1 patient was removed
from analysis because of clerical error–related infusion of an
unmanipulated graft (Table 2). The 24 patients in the study were
white (12 female, 12 male; ages 15–52 years; mean, 27 years). All
patients had severe refractory disease having tried and failed
extensive prior medical therapies (Table 2), whereas 71% (17/24)
had prior CD-related surgeries. Eighteen patients had required
medications for pain control; 8 patients had a history of total
parenteral nutrition or tube feeding; 18 patients had a history of
fistulas and or strictures, 8 patients had CD-related fevers. Mean

pretransplantation disease duration, CDAI, and CSI were 10 years,
235, and 23, respectively. Sixteen patients had significant pre-
HSCT complications from standard immunosuppressive therapies,
including hepatotoxicity, sepsis, pancreatitis, anaphylaxis, and/or
pancytopenia (Table 2).

Engraftment

The mean number of infused CD34� and CD3� cells were
6.35 � 106 cells/kg and 1.23 � 104 cells/kg, respectively (Table 3).
Neutrophil (� 1000 cells/�L) and platelet (� 20 000 cells/�L and
transfusion independent) engraftment occurred at a mean of 9 days,
range 7 to 11 days and 8 to 16 days, respectively. The mean number
for platelet and red blood cell transfusions were 4 and 5, respec-
tively. Hospital discharge occurred on day 11 (range 8-18 days).

Table 4. Complications of transplantation in patients with Crohn disease

Patient
Days of
fever* Infections during hospitalization Infections during first year after HSCT Other complications

1 NA None Line sepsis Accidental death 3 years after HSCT

2 4 None Flu-like syndrome GI Nausea grade III, vomiting, diarrhea

3 3 S aureus coag neg UTI Abdominal abscess (Klebsiella pneumonia,

S aureus coag neg) after surgery

Mild nausea and anorexia, pulmonary edema (fluid

overload)

4 1 None Vaginal Candida No grade III or grade IV

5 3 MRSA abscess near anal fistula URTI No grade III or grade IV

6 16 Candida in stool None Grade III nausea and anorexia, diarrhea, fluid

overload

7 3 None None Grade III nausea, grade III and grade IV anorexia,

abdominal pain, depression

8 3 S aureus in surveillance nasal culture Mild URTI

Stomach flu–like syndrome

EBV (14 months after HSCT)

No III or IV toxicities

9 2 S aureus in surveillance nasal culture

S aureus UTI

None Grade III hematemesis, sepsis (ICU), pulmonary

edema, pleural effusion

10 7 None UTI Grade I and grade II nausea, vomiting and diarrhea

Pulmonary aspergillosis 2 years after HSCT

11 6 None None Grade I and grade II nausea, vomiting, diarrhea,

abdominal pain

12 7 None None Grade I nausea, vomiting, diarrhea, grade III

abdominal and perianal pain

13 3 None None Hemostasis, tachycardia, dyspnea, hematemesis,

grade II nausea and vomiting, abdominal pain,

fluid overload

14 2 None None Nausea, vomiting, abdominal pain, diarrhea

15 0 1 BC � for GPC (contaminant) None Grade III diarrhea

16 4 BC � Klebsiella None Diarrhea, nausea, vomiting fluid overload

17 1 BC � S aureus coag neg None Asthenia

18 0 None UTI Grade II abdominal pain and fatigue

19 1 BC � S aureus coag neg

Urine culture � yeast nonalbicans

Urosepsis (neg cultures)

UTI � E coli

Severe abdominal pain and diarrhea

20 0 None (Candida albicans and glabrata sepsis

secondary to line infection and line-related

MRSA bacteriemia after mobilization before

HSCT)

Sepsis (BC � GPC)

VRE bacteriemia (BC � GPC)

Mild nausea, abdominal pain

21 0 None Shingles (VZV)

Pneumonia (mycobacterium atypical)

None

22 0 Folliculitis None None

23 0 None CMV viremia (no disease) None

24 4 Blood-E faecium

Rectal-VRE

None Perirectal abscess ID/seton

BC indicates blood culture; coag, coagulase; CMV, cytomegalovirus; EBV, Epstein-Barr virus; E coli, Escherichia coli; E faecium, Enterococcus faecium; ICU, intensive
care unit; ID, incision and drainage; GI, gastrointestinal; GPC, Gram-positive cocci; MRSA, methicillin-resistant Staphylococcus aureus; neg, negative; NA, not available;
S aureus, Staphylococcus aureus; staph, staphylococcus; URTI, upper respiratory tract infection; UTI, urinary tract infection; VRE, vancomycin-resistant enterococcus; and
VZV, varicella zoster virus.

*Fever defined as � 100.5°F.
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Toxicity

Besides fever that was common and neutropenic- or CD-related,
6 patients had bacteremia with positive blood cultures and/or
central line infection (Table 4). Patients with CD-related fever
before HSCT generally continued to have peritransplantation fever
that resolved after neutrophil engraftment. In the first year after
transplantation, infectious complications (with number of patients
affected) included central line sepsis (1), sepsis not related to a
central line (1), abdominal abscess (1), urinary tract infection
(3), urosepsis (1), atypical mycobacterium pneumonia (1), varicella
zoster virus dermatomal reactivation (1), and resection of a
pulmonary aspergilloma, 2 years after HSCT (1; Table 4).

Interval response to harvesting stem cells

The interval between mobilization and HSCT varied from 3 to
7 weeks. Formal studies were not repeated during this interval and
symptoms persisted. Although there was generally noted mild
improvement in symptoms, these observations were not quantified.

Survival

Treatment-related mortality was zero. Overall mortality was
5% because 1 patient, more than 3 years after transplantation, died
an accidental death. Postmortem examination revealed no evidence

of CD. Although study follow up was limited to 5 years, 18 patients
are alive more than 5 years since transplantation. Except for the
1 accidental death, all are alive without interval malignancies.

Disease response/remission

The CDAI had a rapid and significant post-HSCT improvement:
P � 0.5 � 10�4 at 6 and 12 months, P � .005 at 2 and 3 years,
P � .004 at 4 years, and P � .06 at 5 years (Figure 1). Similarly,
the CSI had a rapid and significant improvement post-HSCT:
P � 0.5 � 10�4 at 6 and 12 months, P � .004 at 2 years, P � .002
at 3 years, P � .02 at 4 years, and P � .06 at 5 years (Figure 2).
The probability of clinical relapse-free survival (defined as the
percentage not restarting CD medication) after HSCT is 91% at
1 year, 63% at 2 years, 57% at 3 years, 39% at 4 years, and 19% at
5 years (Figure 3). Nine patients have not relapsed to date, and of
15 patients who restarted therapy, 8 patients subsequently became
medication-free for a second time (Table 5). Thus, the percentage
of patients who remained in remission independent of therapy was
between 70% to 80% at each annual evaluation for 5 years after
transplantation (Figure 4). The medication-free survival was al-
ways above 60% and steroid-free survival approximately 80% for
each of 5 years (Figure 4).

Figure 1. CDAI pre- and post-HSCT disease response. The thick line
indicates mean CDAI for all patients.

Figure 2. CSI pre- and post-HSCT disease response. The thick line
indicates mean Craig CSI for all patients.
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Surgeries

Twelve patients required one or more surgical procedures after
HSCT. Some surgeries were, however, not related to active CD:
1 underwent cholecystectomy for cholilithiasis; 1 had a pretrans-
plant colovesical fistula that persisted after transplantation and
required a diverting colostomy because of recurrent urinary tract
infections; and 2 had progressive ileal strictures that required
surgical resection without pathologic evidence of inflammation;
and 1 had closure of a pretransplantation loop ileostomy. For
patients with active pretransplantation fistulas: 3 had severe
anorectocutaneous fistulas with gradual, but incomplete, improve-
ment; 1 had a severe anovulvar fistula that gradually, completely
resolved over 3 years; and 1 required a total proctocolectomy
1 year later for severe rectosigmoid fistulizing and stricturing
disease. For patients with active pretransplantation stricturing
disease: 1 had a severe colonic stricture that completely resolved;
1 had severe anorectal stricturing that completely resolved, permit-
ting ileostomy take-down with restoration of bowel continuity; and
1 had recurrent stricturing disease accompanying inflammatory
recurrence.

Treg cell studies

The first 13 patients (Table 6) had peripheral blood analysis for
Treg cells. Before HSCT, the mean percentage of CD4�CD25bright

cells in peripheral blood of CD patients (2.62% � 2.01%, n 	 13)
was reduced (P � .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�CD25bright cells was
observed: pre-HSCT 2.6 %� 2.01%, n 	 13); 6 months post-
HSCT 2.91% � 1.74% (P � .05, n 	 9); 1 year post-HSCT
(3.55% � 1.63%, n 	 13, P � .05); 2 years post-HSCT
(3.36% � 1.63%, n 	 10, P � .05); 3 years post-HSCT
(3.99% � 0.78%, n 	 4, P 	 not significant).

Genetic testing

None of the subjects tested positively for the NOD2 genetic
variants G908R or L1007P (Table 5). Only one subject tested

positively for the heterozygous NOD2 genetic variant R702W
(Table 5). He had only small bowel disease and required a small
bowel resection 2 years after HSCT for small bowel obstruction,
and has thereafter remained in clinical remission. Three patients
showed heterozygosity for the genetic TLR5 polymorphism. Each
of the 3 patients has had long-term remissions (Table 5).

Discussion

We now report the long-term follow up of nonmyeloablative HSCT
for severe and refractory CD, an immune-mediated but probably
not autoimmune disorder of the GI tract. The current medical
therapy for severe CD is addition to standard immune suppressive
drugs of an anti-TNF inhibitor (infliximab, adalimumab, or certoli-
zumab). In randomized trials, anti-TNF therapy administered to
anti-TNF naive patients who generally did not have fistulizing or
stricturing disease resulted in medication-dependent clinical remis-
sions (CDAI � 150) at 6 months of 46% to 59% and at 12 months
of 35% to 41%.36-39 Remission duration with longer treatment
(2 years) has only occasionally been reported.40

By convention, the definition of remission in anti-TNF trials is a
CDAI less than 150 while the patient is receiving ongoing
maintenance anti-TNF and may also be receiving other
CD medications.36-41 Conversely, the accepted criteria for remis-
sion of cancer, that is, treatment free with no evidence of disease, is
not applicable to CD. Therefore, to be consistent with and allow
comparison to other trials for CD, our primary end point is
remission defined by CDAI. However, HSCT, unlike other thera-
pies for CD, results in a prolonged posttransplantation treatment-
free interval without clinical symptoms that ranged from 6 months
to greater than 5 years. To convey this concept, we, therefore, also
defined “clinical relapse-free survival” after HSCT as the time to
recurrence of symptomatic disease requiring medical therapy. For
other nontransplantation CD-related therapy, the time to restarting
medical therapy (ie, clinical relapse-free survival) is a non sequitur
because patients were never removed from maintenance medical
therapy. On the other hand, steroid-free remission in anti-TNF trials
is achievable and has generally been reported to be between
18% and 36% at 1 year with CDAI defined remission of approxi-
mately 40%.36,38 In comparison, we report a consistent steroid-free
survival of approximately 80%, CDAI remission of between
70% to 80%, and medication-free remission of greater than
60% for 5 years.

Recently, a short-term randomized trial of azathrioprine versus
infliximab versus combined infliximab and azathioprine de-
monstrated at 26 weeks a steroid-free clinical remission
(CDAI � 150) of 30%, 44%, and 57%, respectively.42 However,
steroid-free remission in that trial was defined as receiving equal to
or less than 6 mg of nonsystemically absorbable budesonide
(equivalent to 30 mg prednisone)43 a day for at least 3 weeks.42 In
comparison, in our study, we define steroid-free as no steroids of
any type or dose for at least 60 days and report a consistent
steroid-free survival of approximately 80% for 5 years. Also in
contrast to anti-TNF trials, transplant candidates had already failed
anti-TNF therapy and had severe and often fistulizing and/or
stricturing disease.

Transplantation using a CD34� selected graft and nonmyeloab-
lative regimen of cyclophosphamide and ATG achieves impressive
results in otherwise refractory CD coma is to date the most
effective therapy for achieving and maintaining remission and is
the only documented therapy to achieve extended treatment-free

Figure 3. Probability of clinical relapse-free survival after HSCT. Probability is
defined as time to restarting CD medication. Dashed lines represent the upper and
lower limits of 95% confidence interval.
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clinical remissions. However, with the current conditioning regi-
men, it is not a cure, in that eventually standard medical therapies
and or surgery are intermittently needed to maintain remission for
most patients.

The procedure was safe, without mortality, even in patients
heavily pretreated with anti-TNF therapy and with ongoing fistulas.
The prevalence of bacteremia during transplantation is higher than
our experience in patients with lupus,21 type 1 diabetes mellitus,23

and multiple sclerosis,22 and is probably secondary to a combina-
tion of prior immune suppression including anti-TNF treatments
and ongoing inflammation and fistulas with disease-related break-

down in mucosal barriers. Thus, although CD itself may be the
etiology of fever, during periods of neutropenia, positive blood
cultures are common and aggressive preemptive antibiotic therapy
is essential.

That defined mutations or polymorphisms are not always
involved in CD is underscored in our study in which only 1 subject
had a heterozygotic NOD2 variant, and 3 subjects were heterozy-
gous for TLR5 polymorphism. The limited sample size, however,
precludes definitive analysis of NOD2 or TLR5 polymorphism and
response to autologous HSCT. Our patients had a robust rise in
their Treg cells from pre- to posttransplantaion, lending support for

Table 5. Immune medications and surgeries after HSCT in patients with Crohn disease

Patient
Follow-up
(actual), y*

Medications/duration after HSCT, mo

Gene† Other events6 12 24 36 48 60

1 5 (9) CCS CCS 0 0 0 3-year accidental death (no CD on

autopsy)

2 5 (9) 0 0 0 MES 0 CCS, MES 0 None

3 5 (8) 0 0 0 CCS CCS, MES,

6-MP, MTX

IFX 0 6-month SBO rxs (no active CD);

3-year SBO (no surgery nasogastric

suction); 5-year resection of

anastomotic site ileum/transverse

colon due to active CD stricture

4 5 (8) 0 0 CCS, MES, MTX MES, CYC 0 0 0 4-year total colectomy (active CD)

5 5 (8) 0 0 0 0 CCS, MES NA 0 2-year perianal fistulotomy

6 5 (7) 0 0 IFX IFX IFX 0 0 None

7 5 (6) 0 0 0 0 0 IFX TLR5 4-year fistulotomy and dilatation anal

stricture

8 5 (6) 0 0 0 0 0 CCS 0 TPN for growth spurt 6 to12 months

9 5 (6) 0 0 0 0 0 0 TLR5 18-month loop ileostomy closed (no

active CD); 5-year dilatation and

seton for perianal stricture resulting

in perianal fistula

10 5 (6) 0 0 CCS, TCL, 6-MP,

IFX, MTX

0 0 0 0 2-year aspergillosus in lung while on

IFX;

3-year partial colectomy (active CD);

5-year proctectomy (active CD)

11 5 (6) 0 0 0 0 0 MES 0 13-month rxs of ileum stricture and

persistent enterocutaneous fistula

(no active CD)

12 5 MES CCS, MES CCS, MTX CCS, ADL CCS NTL 0 None

13 5 0 0 CCS, MES, AZA CCS, MES, ADL,

AZA, TPN

ADL 0 0 None

14 5 0 ADL TPN, CCS, TCL,

ADL

0 ADL 0 0 30-month colectomy and ileostomy

(active CD)

15 5 0 0 AZA, IFX 0 0 0 R702W 2-year terminal ileum rxs stricturoplasty

(active CD) intermittent antibiotic for

bacterial overgrowth

16 5 0 0 0 0 0 0 0 None

17 4.6 MNZ 0 0 0 0 0 0 18-month colectomy and ileostomy

(active CD)

18 5 CCS CCS CCS 0 0 0 0 None

19 5 CCS 0 0 0 ADL 0 TLR5 12-month diverting colostomy (no CD),

reversed 6 months later, 44 months

total colectomy (active CD)

20 3 0 0 0 0 0 0 0 None

21 3 0 0 0 0 0 0 0 None

22 1 0 0 0 0 0 0 0 15-month cholecystectomy

23 2 0 0 CCS, 6-MP 0 0 0 0 None

24 0.5 0 0 0 0 0 0 0 None

ADL indicates adalimumab; AZA, azathioprine; CCS, corticosteroids (of any type including oral budesonide); CYC, cyclophosphamide; IFX, infliximab; 6-MP,
6-mercaptopurine; MES, mesalamine; MNZ, metronidazole; MTX, methotrexate; NA, not available; NTL, natalizumab; TCL, tacrolimus; TPN, total parenteral nutrition; rxs,
resection; and SBO, small bowel obstruction.

*Follow-up data limited to 5 years (actual time since transplantation).
†Gene describes genetic analysis, all polymorphisms were heterozygous.
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a role for these cells in the salutary effect that we have observed.
However, because of sample size, we cannot definitively draw a
correlation between the pre- or post-HSCT Treg cells and disease
response and or relapse.

To assess risk versus benefit in any new therapy for CD, it is
necessary to compare the anticipated mortality for the new therapy
to the intrinsic mortality from severe CD and its therapy. Although
data are varied, most studies show increased mortality from CD
above expected mortality rates for given populations.13-20 For
example, a recent European study showed a mortality rate nearly
twice as high as expected over 10 years.20 The subjects who have
been selected for our study all had very severe disease and have
failed all usual therapy, and presumably have a higher intrinsic
mortality rate than the general CD population.

We found the CSI score (Table 1) to be a more reliable index in
this group of refractory and heavily pretreated patients who often
have had multiple prior surgeries, as it allows for improved
assessment of disease activity for small bowel disease, which
unlike colonic disease, is not associated with significant diarrhea;

allows for better scoring of subjects with ileostomy; is more
inclusive in terms of more measurements of disease activity; and is
less subjective in terms of diarrhea, well being, abdominal pain,
and presence or absence of an abdominal mass.

Although relapses have occurred in our patients after using a
cyclophosphamide ATG nonmyeloablative regimen, we have
achieved treatment-free remissions for as long as 5 years, and
remission (CDAI � 150, CSI � 12) rates of between 70% to
80% for 5 years. Because approximately 40% of patients with CD
develop intolerable side effects or lose response to anti-TNF,44

further investigation of stem cell therapy including the role of
CD34 graft selection and type of conditioning regimen or other
methods to maintain remission without surgery for anti-TNF
refractory CD appears warranted.
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