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Crohn’s disease is a relapsing systemic inﬂammatory disease, mainly aﬀecting the gastrointestinal tract with
extraintestinal manifestations and associated immune disorders. Genome wide association studies identiﬁed
susceptibility loci that—triggered by environmental factors—result in a disturbed innate (ie, disturbed intestinal
barrier, Paneth cell dysfunction, endoplasmic reticulum stress, defective unfolded protein response and autophagy,
impaired recognition of microbes by pattern recognition receptors, such as nucleotide binding domain and Toll
like receptors on dendritic cells and macrophages) and adaptive (ie, imbalance of eﬀector and regulatory T cells
and cytokines, migration and retention of leukocytes) immune response towards a diminished diversity of
commensal microbiota. We discuss the epidemiology, immunobiology, amd natural history of Crohn’s disease;
describe new treatment goals and risk stratiﬁcation of patients; and provide an evidence based rational approach
to diagnosis (ie, work-up algorithm, new imaging methods [ie, enhanced endoscopy, ultrasound, MRI and CT] and
biomarkers), management, evolving therapeutic targets (ie, integrins, chemokine receptors, cell-based and stemcell-based therapies), prevention, and surveillance.

Introduction
Crohn’s disease and ulcerative colitis are the two main
components of inﬂammatory bowel disease.1 Crohn’s
disease is a relapsing inﬂammatory disease, mainly
aﬀecting the gastrointestinal tract, and frequently
presents with abdominal pain, fever, and clinical signs of
bowel obstruction or diarrhoea with passage of blood or
mucus, or both. Because its incidence and prevalence are
rising (appendix p 1) in all ethnic groups and because of
the systemic nature of the illness, Crohn’s disease
concerns an increasingly diverse group of clinicians.

Causes and pathophysiology
Genetics
Familial aggregation has been known for more than
70 years and large concordance studies in twins in
northern Europe were early indicators of a genetic
component in Crohn’s disease. These data have been
conﬁrmed in other countries. A German nationwide
study2 showed that 35% of monozygotic pairs, but only
3% of dizygotic pairs, were concordant for the disorder. In
70% of discordant monozygotic pairs the ﬁrst-born had
inﬂammatory bowel disease.2 Substantial phenotypic
(location, behaviour, and age at diagnosis) concordance
exists, both at diagnosis and longitudinally, in monozygotic twins.3 Familial aggregation is conﬁrmed.4
Moreover, prevalence in Ashkenazi Jews is higher than in
any other ethnic group and Jewish descent is an
independent risk factor for the disorder. Genetic
anticipation—ie, earlier disease onset in the oﬀspring of
parents with the disorder—has been conﬁrmed.5
Genome wide association studies and computerised
(in silico) meta-analyses have identiﬁed and conﬁrmed
71 susceptibility loci for Crohn’s disease on 17 chromosomes so far (appendix pp 2–3).6 The identiﬁcation of
susceptibility loci has enhanced our understanding of the
causes of the disorder by providing important clues about
crucial and disturbed pathways of the intestinal immune
system. Appreciation of the role of the innate immune
response in Crohn’s disease resulted from the discovery

of relevant susceptibility loci in genetic research. Familial
aggregation with occurrence of ulcerative colitis in one
family explains why 17 of the loci that relate to Crohn’s
disease are shared within the 47 loci identiﬁed for
ulcerative colitis.7
Genome wide association studies (appendix pp 2–3)
also link inﬂammatory extraintestinal symptoms8 (ie,
ankylosing spondylitis, non-drug induced osteoporosis)
and associated autoimmune diseases9 (ie, asthma,
multiple sclerosis, type 1 diabetes, autoimmune thyroid
disease, and coeliac disease) known from epidemiological
studies on a molecular level with shared susceptibility
loci and can explain ethnic diﬀerences10 in the distribution
of these associated diseases (ﬁgure 1). However, although
enhanced statistical models and increasing sample sizes
from consortia will double the number of susceptibility
loci identiﬁed in the future, this component still explains
only a little more than 20% of the heritability of Crohn’s
disease, which together with the relatively low concordance rates in monozygotic twins, emphasises the
importance of gene-gene, epigenetic, and environmental
factors.11 Furthermore, association (statistically signiﬁcant
correlation) does not equal causality, which is diﬃcult to

Search strategy and selection criteria
We searched PubMed, Cochrane, and Ovid databases with
the MeSH terms “Crohn’s disease” and “inﬂammatory bowel
diseases”, combined with the subheadings “epidemiology”,
“innate and adaptive immunity”, “genetics”, “diagnosis“,
“imaging”, “endoscopy”, “therapy”, “surveillance”,
“prevention”, and “complications”. All relevant articles were
critically reviewed and the most recent preferably cited. For
basic science articles priority was given to studies involving
human beings and for clinical research to randomised
placebo controlled trials and meta-analyses. Relevant
abstracts presented at major meetings were also taken into
account for this Seminar. We focused on reports from the
past 5 years, and the last search was done in December, 2011.
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prove.12 Identiﬁcation of the causative gene variants in the
many sequence polymorphisms in the regions of association can be very challenging, as suggested by new work
on the IRGM1 coding region involved in autophagy.13

Environmental factors
Worldwide, north-south, east-west, and urban-rural
gradients for incidence rates and prevalence of Crohn’s
disease have been identiﬁed.14 However, a systematic
geographic analysis,15 new studies from southern
hemisphere countries reporting rates that are much the
same as those in the northern hemisphere (appendix
p 1),16 and reports of an increased incidence in rural,
periurban regions17 argue against an independent
geographic component. Apart from genetics, several
alternative explanations, mostly related to lifestyle, are
possible. The importance of environment is suggested by
increasing incidence rates in previously less aﬀected
ethnic groups such as Asians and Hispanics10 and in
immigrants from low incidence regions moving to areas
with a traditionally high incidence.18
Industrialisation has greatly aﬀected people’s lives with
a focus on career and higher education,15 more adverse
life events,19 less women breastfeeding,20 smaller families
with less crowded living conditions, improved domestic
hygiene and sanitation,21 availability and quality of (hot)
tap water,22 adoption of a sedentary lifestyle,23 exposure to
air pollution,24 consumption of a western diet25 loaded
with convenience foods (often containing excessive
amounts of sugar and polyunsaturated fats), and
increased tobacco use. Although all of these factors
have been implicated in Crohn’s disease, active26 and
passive27 (even in childhood) smoking are best studied.
Early tobacco use signiﬁcantly increases the risk of
developing the disorder.28 Mechanistically, apparently
neither nicotine nor carbon monoxide are the cause.
Crohn’s disease frequently occurs after infectious
gastroenteritis,29 has a distinct mucosal ﬂora (dysbiosis),30
and increased numbers of intramucosal bacteria31 often
featuring adhesive species32 and thus eﬀorts to identify a
causative infectious agent continue. The disorder
resembles infectious granulomatous ileitis conditions
including intestinal tuberculosis and Johne’s disease, a
zoonosis caused by Mycobacterium avium paracellulare,
which induces similar immune responses to Crohn’s
disease.33 Mycobacteria have been identiﬁed in tissues and
blood of adult34 and paediatric35 (early onset) patients with
Crohn’s disease and they remain an important diﬀerential
diagnosis in endemic areas.36 Controlled trials with
antituberculous drugs have failed.37 Mycobacteria-related
Crohn’s disease research frequently comes from ruminant
farming areas where alternative explanations including
contaminated foods and drinking water38 occur. However,
mycobacteria still stand out from all other suspected
infectious causes since genome wide association studies 6,39
showed shared susceptibility loci with leprosy (ie, NOD2,
LACC1) and polymorphisms in autophagy (ie, CARD9,
www.thelancet.com Vol 380 November 3, 2012

IRGM1) required for mycobacterial clearance. The
association of Crohn’s disease with measles or other
viruses, Listeria, or Yersinia was not conﬁrmed. However,
animal research suggests that viral infections—as an
environmental factor—might convert genetic susceptibility to disease outbreak.40 Results of a meta-analysis
suggest a link to contraceptives,41 but not to measlesmumps-rubella42 or BCG43 vaccines. Although a metaanalysis44 conﬁrmed a substantial risk of development of
Crohn’s disease after appendicectomy, this ﬁnding
probably results from diagnostic problems in patients
with incipient Crohn’s disease.

Immunobiology
Crohn’s disease seems to result from an impaired
interaction of the intestinal commensal microbiota that
is normally in a state symbiotic mutualism with the
human host (immune system). Despite enormous
progress in understanding the many facets of this
ancient relation, distinction between primary inciting
events and secondary occurrences is challenging.

Microbiota
Metagenomic research suggests that up to four major
bacterial phyla (Bacteroidetes, Firmicutes, Actinobacteria,
and Proteobacteria) consisting of thousands of mostly
anaerobic species colonise the human gut with a steep,
stomach-acid driven, proximal-distal gradient. Species
diversity in the gut normally also varies according to
temporal,45 individual,46,47 dietary,48 and drug induced49
factors. However, healthy intestinal microbiota variation
is overall stratiﬁed and not continuous.50 Comparative
studies showed clustering51 and reduced diversity especially within the Firmicutes and Bacteroidetes phyla in
patients with Crohn’s disease.31,52,53 A reduction of
Faecalibacterium prausnitzii (a Firmicute), was associated
with an increased risk of postoperative recurrence of ileal
Crohn’s disease and its experimental restitution had antiinﬂammatory eﬀects.54 Crohn’s disease is not caused by
diminished commensal diversity alone, but requires a
susceptible genotype—as conﬁrmed by research in mice
with human-relevant susceptibility mutations.55

Intestinal barrier
The ﬁrst line of defence of the mucosal immune system
is a polarised single layer of epithelial cells covered by
mucus bioﬁlm secreted from goblet cells with interspersed bacteria.31 Decreased expression of the mucin
gene MUC1 in the inﬂamed terminal ileum in patients
with Crohn’s disease suggests that mucin cover becomes
insuﬃcient.56 This hypothesis is supported by genome
wide association studies6 that link MUC1, MUC19,
and PTGER4 to the disorder.6 The paracellular route of
ﬂuxes between neighbouring epithelial cells is normally
blocked by tight junctions. In Crohn’s disease this tight
seal becomes leaky,57 possibly because of changes in the
expression of tight-junction proteins such as claudins,58
1591
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Figure 1: Healthy small intestinal immune system
AP-1=activator protein 1. B=B cell. Be=B eﬀector cell. Breg=regulatory B cell. CD=cluster of diﬀerentiation. CCL=C-C motif chemokine ligand. CCR=C-C motif chemokine receptor. CXCL=C-X-C motif
chemokine ligand. CXCR=C-X-C motif chemokine receptor. DC-SIGN=dendritic cell-speciﬁc intercellular adhesion molecule-3-grabbing non-integrin. ELAM=endothelial-leucocyte adhesion molecule.
FoxP3=forkhead box P3. G=goblet cell. GATA=GATA binding protein. ICAM=intercellular adhesion molecule. IFN=interferon. Ig=immunoglobulin. IL=interleukin. IEL=intraepithelial lymphocytes.
JNK=c-Jun N-terminal kinases. KK=IκB kinase. LECAM1=leukocyte endothelial cell adhesion molecule. LFA=lymphocyte function-associated antigen. M=microfold cell. MAdCAM=mucosal vascular
addressin cell adhesion molecule. MKK=mitogen-activated protein kinase kinase. MyD88=myeloid diﬀerentiation primary response gene 88. NKκB=nuclear factor κ B. NK=natural killer cell.
NLR= nucleotide binding domain like receptor. NLRP=NACHT, leucine-rich repeat, and pyrine domains-containing protein. P2XR=P2X receptor. p38=p38 mitogen-activated protein kinases.
P=paneth cell. PC=plasma cell. PECAM=platelet endothelial cell adhesion molecule. pDC=plasmamacytoid dendritic cell. RORγ=RAR-related orphan receptor γ. Smad=Sma and Mad related family.
STAT=signal transducer and activator of transcription. T=T cell. nTreg=naturally regulatory T cells. iTreg=inducible regulatory T cells. iTR35=interleukin-35-dependent induced regulatory T cell.
Tr=T regulatory cell. T-bet=Th1-speciﬁc T box transcription factor. TECK=thymus-expressed chemokine. TGFβ=transforming growth factor β. Th=T helper cell. TNFα=tumour necrosis factor α.
TLR=toll-like receptor.

resulting in increased permeability and access of luminal
antigens to the lamina propria, which is densely
populated with immune cells. In-vitro and animal studies
link tight-junction proteins59–61 and permeability changes
that are mediated by myosin light chain kinase59,62 to
activated T cells, the prototypical Crohn’s disease cytokines tumour necrosis factor (TNF) α59,62 and interferon
γ61, and intestinal microbiota via NOD2.62 Permeability
defects have been reported in clinically healthy ﬁrst
degree relatives of patients with Crohn’s disease who
have a NOD2 mutation.6,63 Paneth cells are also highly
specialised epithelial cells. They defend the mucosal
barrier by excretion of antimicrobial peptide granules,
such as α-defensins, and regulate the makeup of the
commensal microbiota.64 Paneth cells from patients with
1592

Crohn’s disease carrying the 300T→A variant of the
autophagy gene ATG16L have fewer, dysmorphic, and
functionally impaired granules than do those with other
variants.65 Additional evidence linking Paneth-cell
dysfunction and ileal inﬂammation to polymorphisms in
XBP1 and NOD2 comes from animals.66,67 Endoplasmic
reticulum stress in the highly active secretory goblet and
Paneth cells is mechanistically linked to autophagy and
might disturb the unfolded protein response of these
cells and induce inﬂammation.68

Microbial sensing, innate immunity, and autophagy
Microbe associated molecular patterns such as lipopolysaccharide, peptidoglycan-derived muramyl dipeptide,
lipoteichoic acid, single and double stranded RNA and
www.thelancet.com Vol 380 November 3, 2012

Seminar

Mucin defects

TLR4
TLR2

Reduced bacterial diversity

RNA/DNA
Fungi

NLR (NOD2)

TLR4
P cell dysfunction
NOD2, XBP1,
ATG16L (300T→A)

CX3CR1
G cell reduction
and dysfunction
(XBP1)

CXCR3

(E-cadherin)
αεβ7

MLCK
P

T
IEL

TLR5

STAT-3

Th17

Th1

Th17

CD83

Th17

Th17

STAT-3

Th17

B

T

T-bet
t

IL-12

IL-10

STAT-3

Th17

ad

Th17

Eosinophil

nTreg
Th17

Th1

iTR35

PECAM

Foxp3

STAT 4

PC

Th17

IL-18

Th17

Sm

NK

Th1
Th1

ad

IFNγ

nTreg
IL-10

ROS

Th17

Sm

Th1

nTreg

Th17

IL-35

IL-10

IL-10
Th1

Th17

TGFβ

Foxp3

TGFβ

Foxp3

Th17

Foxp3

IL-22, IL-17 IFNγ, TNFα IL-22, IL-17

p DC

TH3

TNFα,IFNγ

Th1

Ry

Endoplasmic reticulum
stress (XBP1)

Th1
Th1

nTreg

nTreg

IL-12

T H3

IL-1β
TNFα, IFNγ

Macrophages

Foxp3

RO

Pro-IL-18

Cytoplasm

T-bet

ad

ad

Impaired cargo
degradation (IRGM1)

Pro-IL-1β
Autolysosome
TNFα, IL-6

TNFα, IL-23, IL-6
STAT 4

Sm

Maturation

Pro-caspase-1
Caspase-1

Peyer’s patch

STAT-3

t

Defective TNFα, IFNγ
autophagy ICAM-1

Ry

p38

Be1

RO

JNK

Th0

t

IKK
IκB
NFκB

Inflammasome
NLRP3
Autophagosome
(NALP3)
ROS

Th17

Ry

Completion

Th17

RO

MKK

IL-17A
IL-17F
IL-21 IL-10
IL-22
TNFα

Th17

t

Be1

TGFβ

ROS

Tr1

IL-6, IL-12, IL-17, IL-23, IL-27

TLR2
TLR4

Be1

Fibroblasts
Th17 TNFα, IFNγ

Th1

Th17

Ry

α₄β₇

Lysosome

MyD88

TNFα, IFNγ

CX3CL1
CX3CR1

DC-SIGN

Sm

Lamina propria

CCL25/TECK
MDP
ATP
Pannexin-1 Initiation (isolation membrane)
K+
P2X7
Impaired elongation
PAMP
(ATG16L) and cargo
TLR
ROS
Phagophore
recognition (NOD2)

RO

Epithelium

IgA deﬁciency
(ORMDL3, REL, PTPN22)
M

α₄β₇

Th0

B

CD83

B

CD103
CD141

E-selectin (ELAM-1, LECAM-2)

Endothelial venule

CXCLB (IL-8)
B
p DC

Monocyte
CCR9

α4₄β₇

T

p DC

CCL19
DC-SIGN

T

p DC

Granulocyte

CCR7

CD28 Tethering

CD40L
L-selectin

p DC

α₄β₇

Adhesion

Rolling

CXCR1/CXCR2

MAdCAM-1

Rolling

Transmigration

αιβ₂ (LFA-1)

ICAM-1

PC

T

IL-1β
TNFα

T

T

α₄β₇
VCAM-1

Fibronectin

ICAM-1

α₄β₇

T

VCAM-1

Mesenteric lymph node

Figure 2: Intestinal immune system in Crohn’s disease
For therapeutic targets see text and appendix p 6. AP-1=activator protein 1. B=B cell. Be=B eﬀector cell. Breg=regulatory B cell. CD=cluster of diﬀerentiation. CCL=C-C motif chemokine ligand.
CCR=C-C motif chemokine receptor. CXCL=C-X-C motif chemokine ligand. CXCR=C-X-C motif chemokine receptor. DC-SIGN=dendritic cell-speciﬁc intercellular adhesion molecule-3-grabbing
non-integrin. ELAM=endothelial-leucocyte adhesion molecule. FoxP3=forkhead box P3. G=goblet cell. GATA=GATA binding protein. ICAM=intercellular adhesion molecule. IFN=interferon.
Ig=immunoglobulin. IL=interleukin. IEL=intraepithelial lymphocytes. JNK=c-Jun N-terminal kinases. KK=IκB kinase. LECAM1=leukocyte endothelial cell adhesion molecule. LFA=lymphocyte
function-associated antigen. M=microfold cell. MAdCAM=mucosal vascular addressin cell adhesion molecule. MDP=muramyl dipeptide. MKK=mitogen-activated protein kinase kinase. MLCK=myosin
light-chain kinase. MyD88=myeloid diﬀerentiation primary response gene 88. NKκB=nuclear factor κ B. NLR= nucleotide binding domain like receptor. NLRP=NACHT, leucine-rich repeat, and pyrine
domains-containing protein. NOD=nucleotide-binding oligomerisation domain. P2XR=P2X receptor. p38=p38 mitogen-activated protein kinases. P=paneth cell. PAMP=pathogen-associated
molecular patterns. PC=plasma cell. PECAM=platelet endothelial cell adhesion molecule. pDC=plasmamacytoid dendritic cell. RORγ=RAR-related orphan receptor γ. ROS=reactive oxygen species.
Smad=Sma and Mad related family. STAT=signal transducer and activator of transcription. T=T cell. nTreg=naturally regulatory T cells. iTR35=interleukin-35-dependent induced regulatory T cell.
Tr=T regulatory cell. T-bet=Th1-speciﬁc T box transcription factor. TECK=thymus-expressed chemokine. TGFβ=transforming growth factor β. Th=T helper cell. TNFα=tumour necrosis factor α.
TLR=toll-like receptor. VCAM=vascular cell adhesion protein.

methylated DNA (CpG), and luminal dietary components are recognised by diﬀerent innate immune-cell
populations of the intraepithelial and lamina propria
mucosal spaces through pattern recognition receptors
such as Toll-like receptors (TLR) and nucleotide binding
domain (NOD) like receptors (NLR). Dendritic cells
express the widest range of pattern recognition receptors
and interpret microbial patterns to direct other immune
cells towards immunity or tolerance. They form transepithelial dendrites that enable them to directly sample
luminal antigens.69 Their distribution70 and phenotype70,71
correlate with disease activity72 in Crohn’s disease,
and increased expression of TLR273 and TLR471 and
exaggerated lipopolysaccharide response71 have been
www.thelancet.com Vol 380 November 3, 2012

reported. The dichotomic role of TLR is shown by data
from animals in which commensal induced TLR
signalling through MyD8874 prevents intestinal inﬂammation, whereas deletion of TLR575 drives it. The ability
of dendritic cells to induce tolerogenic regulatory T cells
(Treg) might be lost in Crohn’s disease.76 Cytosolic NLR
are another major group of pattern recognition
receptors—some have a caspase recruitment domain
(ie, NOD1 and NOD2) and others a pyrin domain. NOD2
polymorphisms are strongly associated with Crohn’s
disease6 and experimental evidence links them to a
weakened inﬂammatory cytokine response towards
muramyl dipeptide77 and ineﬀective autophagy,78 and to
IL10 transcription.79 Impaired autophagy80 of invasive
1593
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Panel 1: Evidence based diagnosis techniques for a patient with suspected
Crohn’s disease
Medical history
Start of symptoms; blood or mucus, or both, in stool; cramps incontinence; nocturnal
diarrhoea; travel and dietary history; recent intestinal infections; non-steroidal
anti-inﬂammatory drug use; appendicectomy status; active or passive smoking; family
history of Crohn’s disease or inﬂammatory bowel disease; recent gastroenteritis. Screen for
extraintestinal symptoms.
Physical examination
Heart rate, blood pressure, weight, height, body-mass index, abdominal examination,
perianal inspection for ﬁstulas, digital-rectal examination, look for extraintestinal
symptoms (in the eyes, skin, joints, and muscles).
Laboratory studies
Electrolytes, blood urea nitrogen, creatinine, complete blood count with diﬀerential,
erythrocyte sedimentation rate, liver function tests, bilirubin, transferrin, ferritin, vitamin
B12, folic acid, urine strip. C-reactive protein, faecal calprotectin.
Microbial studies
Stool cultures. Clostridium diﬃcile.
Pathology and histology
At least two biopsy samples from at least ﬁve segments including the ileum.
Inﬂammatory cell inﬁltrate (lymphocytes, plasma cells) with focal crypt irregularity and
independent granulomas.
Endoscopy
Ileocolonoscopy (spared rectum, ileal inﬂammation, skip lesions, cobble stoning,
ﬁssural and longitudinal ulcers, strictures, ﬁstulas). Oesophagogastroduodenoscopy
with biopsies when symptoms occur in the upper gastrointestinal tract.
Imaging studies
CT and MRI enterography or enteroclysis scanning for extraintestinal asymptoms if
suspected (from history or physical examination). Scanning for ﬁstulas or abscesses if
suspected (from history or physical examination). Small bowel capsule endoscopy
(wireless capsule endoscopy) if terminal ileum could not be intubated or when other
imaging studies are negative. Magnetic resonance cholangiopancreatography if primary
sclerosing cholangitis is suspected. Endoscopic retrograde cholangiopancreatography
with balloon dilation and bile sampling for cytology patients primary sclerosing
cholangitis and dominant strictures.
Consultation of other specialists
Surgery, rheumatology, dermatology, ophthalmomology, urology, obstetrics and
gynaecology (when rectovaginal ﬁstulas are suspected) if indicated in patients with
established or suspected extraintestinal symptoms.
Evidence level and recommendation grade according to consensus guidelines of the European Crohn’s and Colitis Organization
are available in the appendix p 4.

microbes (xenophagy) and failure to induce an
appropriate adaptive eﬀector T-cell response78 in cells
mutant for the ATG16L81 or NOD278 autophagy genes
that are linked to Crohn’s disease underscores the
importance of this process.

Adaptive immunity and leucocyte migration
The adaptive immune system in Crohn’s disease is now
thought to mediate and perpetuate, but probably not
1594

start, intestinal inﬂammation. The disorder is characterised by an imbalance of eﬀector T cells (predominantly
T helper [Th]1 or Th17 cells defending the mucosa against
bacteria, fungi, and against viruses through secretion of
interferon γ, TNFα, and interleukins 17 and 22) versus
naturally regulatory T cells (secreting interleukin 10, and
transforming growth factor [TGF] β or interleukin 3582)
originating from the thymus (nTreg) and inducible
(iTreg) cells such as Tr1, Th3, and iTr35 in the mucosa.83
These two main opposing phenotypes, Th17 and Treg,
originate from the same precursor and their diﬀerentiation, which is controlled by the transcription factors
RORγT/FOXP3, is inversely regulated.84 GWAS support
the imbalance model by linking loci that are crucially
involved in Treg (ie, IL10, IL2RA, SMAD3) and Th1 and
Th17 (ie, CPEB4) diﬀerentiation to Crohn’s disease.6
Moreover, individual homozygous IL10R gene mutations
derange the tightly regulated cytokine-T-cell balance and
coincide with early onset Crohn’s disease.85 Circumstantial evidence such as autoantibodies, lack of mucosal
IgA, overlap with loci associated with immunoglobulin A
deﬁciency in GWAS,6,86 and production of interleukin 10
and TGFβ by regulatory B cells suggest a role for such
cells in this disorder. Innate and adaptive leukocyte
migration is mediated by selectins, integrins (ie, α4β7)
and their ligands from the immunoglobulin superfamily
(ie, ICAM-1, MAdCAM-1), ﬁbronectin, and chemokine
receptors (ie, c-c motif chemokine receptor 9) and
chemokines (ie, c-c motif chemokine ligand 25). The
rapid recruitment and inappropriate retention of leucocytes is a hallmark of Crohn’s disease (ﬁgures 1, 2).

Diagnostic approach with assessment of
phenotype and disease activity
Crohn’s disease is a clinical diagnosis that integrates
history and physical ﬁndings with objective data from
imaging and laboratory studies, including histopathology,
and should neither be based nor excluded on any one
variable or result (panel 1). Important diﬀerential noninfectious (ie, irritable bowel syndrome or Behçet’s
disease87) and infectious88 diagnoses (ie, Yersinia or
enteroviruses) that mimic Crohn’s disease need to be
considered with particular attention to endemic diseases
such as tuberculosis (appendix p5).36,89
Once the diagnosis of Crohn’s disease is established,
patients should be phenotyped according to the Montreal
classiﬁcation (ﬁgure 3)90 and screened for extraintestinal
manifestations8 and associated autoimmune diseases.9
An assessment of disease activity (appendix p 6, 7) in
combination with phenotype and endoscopic features
helps to stratify patients and allows physicians to pick
the best possible therapeutic regimen, since these
factors are important predictors of disease course and
complications. Whereas the anatomical location is
mostly stable,91 behaviour of Crohn’s disease according
to the Montreal classiﬁcation varies substantially during
the course of the disease. In a population based study92
www.thelancet.com Vol 380 November 3, 2012
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A

B

Montreal L-category

Multiple sclerosis
Iritis, uveitis
Sensorineural hearing loss
Aphthous ulcers
Autoimmune
thyroiditis
Primary sclerosing
cholangitis,
Autoimmune
cholangitis,
Overlap syndrome
Psoriasis

Asthma
Vasculitis
Myocarditis, pericarditis
Autoimmune hepatitis
Immune thrombocytopenia
Coeliac disease
Autoimmune pancreatitis,
Type I diabetes
Nephritis, amyloidosis

L1
Terminal ileum

L2
Colon

L3
Ileocolon

L4
Upper GI tract

Urolithiasis
Axial arthropathy
(spondylitis and sacroiliitis)

L4+
Upper GI tract and
distal disease

Montreal B-category

Polyarticular
arthritis

Osteoporosis
Pauciarticular arthritis
Erythema nodosum

B1
Without stricture
formation
non-penetrating

B2
With stricture formation

B3
Internally penetrating

B3p
Perianally penetrating

Pyoderma gangrenosum

Figure 3: Phenotype of Crohn’s disease
(A) Montreal classiﬁcation.90 Classiﬁcation by age is A1 <16 years, A2 17–40 years, A3 >40 years. (B) Major extraintestinal manifestations8 and associated autoimmune disorders9 (blue).
GI=gastrointestinal. p=perianal disease modiﬁer. p is added to B1–3 when concomitant perianal disease is present.

more than half of 306 patients were diagnosed between
the ages of 17 and 40 years (Montreal category A2).
Crohn’s disease was located in the terminal ileum in
45% (L1), colon in 32% (L2), ileocolon in 19% (L3), and
upper gastrointestinal tract in 4% (L4). Most patients
(81%) had a non-stricturing non-penetrating phenotype
(B1), 5% a stricturing (B2) and 14% a penetrating (B3 or
B3p) phenotype. Almost a ﬁfth (19%) of patients
progressed to a more aggressive phenotype at 90 days
and more than half (51%) at 20 years after initial
diagnosis, especially when ileal and perianal involvement
(ﬁstulas) were present at the time of diagnosis.

Diagnostic instruments
Endoscopy
The gold standard for all patients with Crohn’s disease
is a full ileocolonoscopy with biopsies. Chromoendoscopy
with methylene blue dye-spray targeted biopsies results
in improved detection of dysplasia compared with
conventional random and sequential biopsy methods.93
Although digital alternatives such as narrow band
imaging are less time consuming, they cannot
be recommended as a standard technique because of
www.thelancet.com Vol 380 November 3, 2012

increased rates of missed dysplasia.94 Capsule endoscopy
might be more sensitive compared with enterography
or enteroclysis combined with CT (CTE) and MRI
(MRE) in patients without endoscopic or clinical suspicion of stenosis.95

CT and MRI enterography or enteroclysis
Enteroclysis is distinguished from enterography by the
need to apply luminal contrast through an enteric tube.
CTE oﬀers the highest spatial resolution and has replaced
small bowel ﬂuoroscopy in leading centres. It is very
sensitive, can show inﬂammation missed by other techniques, can detect complications such as obstruction,
ﬁstulas, and abscesses, and might even be cost eﬀective.
Its major disadvantage is high radiation exposure,
although sophisticated mathematical algorithms of
image acquisition and processing can reduce it. MRE is a
non-radiating, non-iodine-contrast based alternative to
CTE. With appropriate protocols it can provide movies to
assess motility and detailed imaging of the bowel wall
down to mucosal level. It is the preferred choice for
repeated imaging, long-term follow-up and work-up of
perianal ﬁstula and abscess complications (ﬁgure 4).96
1595
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Ultrasound (sonography)

B

A

Native and (gas or shell microbubble) contrast-enhanced
abdominal ultrasound (ﬁgure 4) is a readily available,
non-invasive imaging technique with an overall sensitivity and speciﬁcity that are much the same as with MRI
and CT.96 Prospective studies have shown utility for the
initial diagnosis, assessment of disease activity, detection
of ﬁstulas, stenoses and abscesses, and signiﬁcant
correlation with histopathology, laboratory ﬁndings, validated disease activity indices, and endoscopy. Transrectal
and endoscopic ultrasound can assist in perianal
complications (ﬁgure 4).

Figure 4: Stenosis in Crohn’s disease
(A) MR enterography of Crohn’s disease restricted to the terminal ileum (Montreal category L1) with inﬂammatory
stenosis. (B) Ultrasound image of an intestinal stenosis in Crohn’s disease.

Panel 2: Key points when caring for a patient with
Crohn’s disease
• Do a careful work-up considering important
diﬀerential diagnoses
• Establish the complete disease phenotype including
extraintestinal symptoms
• Screen for predictors and biomarkers of a complicated
disease course
• Individualise therapeutic guideline recommendations to
your patient
• Consider involving an inﬂammatory bowel disease expert
for optimum treatment choice
• Educate and counsel your patient about disease and
therapy associated risks and complications
• Enrol your patient in surveillance programmes and
follow-up the patient closely

Stricture

Fistula/abscess

Inﬂammatory activity
(CDAI, CDEIS, CRP)

Digestive damage

Surgery

Stricture

Disease
onset

Diagnosis
Pre-clinical

Early
disease
Clinical

Figure 5: The Lémann score
Exemplary visualisation of the Lémann score, a new technique to score and study intestinal damage in Crohn’s
disease. CDAI=Crohn’s disease activity index. CDEIS=Crohn’s disease of endoscopic severity. CRP=C-reactive
protein. Adapted from Pariente and colleagues,101 by permission of Wiley.
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Biomarkers
X-ray based imaging procedures are an important source
of exposure to ionising radiation and can result in high
cumulative eﬀective doses. Patients with Crohn’s disease
had a 2·5 times higher total eﬀective dose than did those
with ulcerative colitis in one study.97 Eﬀorts to follow-up
patients with the least invasive procedures and to still
base decisions on objective, cost-eﬀective variables
drives the discovery, development, and assessment of
biomarkers.98 The best studied follow-up biomarkers are
C-reactive protein and the faecal granulocyte proteins
lactoferrin and calprotectin. Several studies have
conﬁrmed good correlation with other laboratory tests,
endoscopic and clinical disease activity indices, and
possible predictive potential.

Medical management
Key points when caring for a patient with Crohn’s disease
are listed in panel 2. According to population based data
from 1935–2008, 50% of adult patients with Crohn’s
disease have an intestinal complication within 20 years
after diagnosis. Only 10% of patients have prolonged
clinical remission. The annual incidence of admission to
hospital is 20%. 50% of the patients require surgery within
10 years after diagnosis and the risk of postoperative
recurrence is 44–55% after 10 years.91 Life expectancy is
slightly reduced. Treatment of Crohn’s disease aims to
achieve sustained clinical and endoscopic remission99
(mucosal healing) and to interrupt the naturally progressive destructive disease course that culminates in
intestinal failure and associated complications. Despite an
abundance of instruments (appendix p 6), techniques and
deﬁnitions that can objectively deﬁne disease modiﬁcation
and intestinal damage are still in evolution.100 The newly
proposed Lémann score could help in this process
(ﬁgure 5).101 Young age, immediate need for corticosteroids, perianal disease, colonic resection, repeated
small bowel resection, a stricturing phenotype, substantial
weight loss, and speciﬁc endoscopic lesions might predict
a disabling disease course.102

Smoking and nutrition
Patients with Crohn’s disease should quit smoking.
Smoking promotes a ﬁstulising and stricturing
www.thelancet.com Vol 380 November 3, 2012
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phenotype, aggravated disease course, and suboptimal
response to medical therapy. Unlike in children, evidence
to support exclusive therapeutic parenteral nutrition
or enteral nutrition (including elemental diets) is insufﬁcient in adult patients with Crohn’s disease. However,
nutritional deﬁciencies should be corrected.103

Choice of the initial drug
Choice of the initial drug from an increasingly expanding
matrix of medications (table) is directed by phenotype,
disease activity, comorbidities, and other individual
characteristics of the drug and patient. In most cases a
fast acting short-term use agent (ie, steroids or anti-TNF)
to achieve rapid symptom relief and disease control is
combined with thiopurines or methotrexate for longterm maintenance. The selection should aim to balance
eﬃcacy with side-eﬀects and long-term complications.
For example, whereas methotrexate is poor choice for a
woman of childbearing age or patients with pre-existing
liver disease (eg, primary sclerosing cholangitis, autoimmune hepatitis, autoimmune cholangitis), this drug
could be an excellent option for a patient with Crohn’s
disease and arthropathy, because both disorders will
beneﬁt from the same treatment. The initial choice
should also incorporate the individual proﬁle and make
more potent compounds available to high-risk patients
earlier and avoid inﬂexible, step-wise escalation of drug
classes.106 However, evidence to support a general topdown treatment model for all patients with this disorder
is insuﬃcient.

Duration of therapy
Since no available treatment corrects the underlying
genetic basis of this chronic illness, most physicians
believe that patients need long-term treatment.
However, experts disagree about if and when drug
holidays should be oﬀered.104,103,112 Although acute
complications such as infections can be successfully
managed with prevention, pausing drugs, and timely
use of antimicrobials, some experts continue to express
concern about long-term use of thiopurines and
biological agents, particularly if used in combination.
Evidence to determine the ideal duration of therapy is
scarce, since randomised controlled trials are usually
designed to ﬁt approval agency requirements and rarely
provide data beyond a year. Registry studies provide
additional data about the long-term safety of various
medical therapies, albeit with the known limitations of
such evidence.113

Fistulising disease
Management of ﬁstulising Crohn’s disease (B3 or B3p)
requires careful assessment of the ﬁstula location, extent,
and potential complications (ie, penetration of adjacent
organs or abscesses). If internal ﬁstulas and complicated
perianal ﬁstulas are suspected, imaging, MRI, or ultrasound can help to guide therapy. Whereas uncomplicated
perianal ﬁstulae can be managed with seton placement,
abscesses and other complications require surgical
intervention in addition to medical therapy, which is
usually a combination of anti-TNF with antibiotics and
thiopurines (table).

Monotherapy versus combination therapy
Pivotal trials have shown the superiority of combination
therapies with thiopurines and TNF blockers for
improved symptom control and mucosal healing.106,107
This advantage needs to be balanced with the increased
risk of infectious108,109 and malignant109,110 complications.
Although the idea of withdrawing either thiopurines or
TNF blockers only one (underpowered) non-inferiority
study supports the notion of withdrawing thiopurines.111

When and how to escalate therapy
Indications for switching drug classes or agents include
primary non-response, loss of response (mostly noted
with biological agents because of varying degrees of
immunogenicity and anti-drug antibodies), insuﬃcient
eﬃcacy (ie, absence of mucosal healing99), and intolerance
or unacceptable side-eﬀects. Before escalation of therapies by bodyweight-based dose adjustment (steroids,
thiopurines, and inﬂiximab), shortening of the treatment interval (inﬂiximab, adalimumab), combination or
switch of therapeutic strategy, disease complications
(ie, bile acid loss after surgery or novel strictures and
newly acquired or coexisting infection) must be ruled
out. Bacterial and viral infections can mimic Crohn’s
disease (appendix p 5) and escalation of immunosuppression in this setting can have fatal consequences.108
www.thelancet.com Vol 380 November 3, 2012

Surgery and postoperative care
Surgery does not cure Crohn’s disease, and should be
used restrictively, although it should not be regarded as
the last resort. In some situations such as localised
symptomatic ileocaecal disease it can be considered as a
potential alternative to medical management. Speciﬁc
indications for surgery include abscesses, complex
perianal or internal ﬁstulas that are unresponsive or
insuﬃciently responsive to medical therapy, ﬁbrostenotic
strictures with symptoms of partial or complete bowel
obstruction, high grade dysplasia, and cancer.114
Smoking, a penetrating phenotype (B3 or B3p), and
previous small bowel surgery increase the likelihood of
postoperative recurrence. So far, thiopurines115 are best
studied in this setting, but preliminary data also exist
for inﬂiximab,116 and additional trials investigating the
eﬃcacy of other biological agents for prevention of postoperative recurrence are underway (table).

Management of disorders commonly associated
with Crohn’s disease
Anaemia
Chronic anaemia can be a presenting symptom in
Crohn’s disease and is most often not caused by intestinal
blood loss, but by disturbed iron metabolisation from
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··

··

NR
No, 2C

NR
No, 2C

Mercaptopurine

··

Cipro- NR
ﬂoxacin

Azathioprine

··

Met- NR
ronidazole

EL2aRGB 9 mg/
day
(mild)
EL1aRGA (oral)
(moderate)
Yes, 1C

EL1aRGA 40–60 NR
(moder- mg/day
(oral)
ate)
Yes, 1C

Prednisolone

Budesonide

··

NR
No, 2C

EL1aRGB
(ﬁrst
episode)
Yes, 2C

EL1aRGB
(ﬁrst
episode)
Yes, 2C

NR
No, 2D

NR
No, 2D

NR
No, 2C

NR
No, 2C

··

··

1·5
mg/
kg/
day
(oral)

EL1aRGA
1·5
mg/kg/ Yes, 2C
day
(oral)

EL5RGD
(L4)
Yes, 2C

··

··

1·5
mg/
kg/day
(oral)

NR

NR

··

··

··

··

NR
No, 2C

40–60
mg/
day
(oral)

··

··

NR

NR

··

EL1aRGA

NR
No, 2C

EL1b,RGA 2–3
2–3
mg/
mg/kg/ Yes, 2C
kg/
day
day
(oral)
(oral)

··

··

N/R
No, 2C

··

··

40–60
mg/
day
(oral)
··

··

NR
No, 2C

··

··

EL5RGD
(L4)
Yes, 2C

NR

NR

NR
No, 2C

EL1aRGA
(L2/3)
EL4RGC
(L4)

NR
No, 2C

EL1bRGA 3–6 g/
day
(only
(oral)
mild
L2/3)

Dose

2–3
mg/
kg/day
(oral)

··

··

··

··

··

··
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Mesalazine

NR

··

··

Induct
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··

··

··

NR
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2D

··

ICW anti
TNF
Yes, 2C

ICW anti
TNF
Yes, 2C

NR

··

NR
No,
2D

··

NR
No, 2C

··

NR
No,
2C

EL1aRGA 40–60 ··
mg/day
(oral)

··

NR
No,
2D

ICW
anti
TNF
Yes,
2C
ICW
anti
TNF
Yes,
2C

··

··

NR
No,
2D

NR
No,
2C

··

··

··

NR
No,
2C

··

··

NR
No, 2C

··

NR

NR

NR
No, 2C

EL3RGD
First line
for
simple
ﬁstulas
Yes, 2C
EL3RGD
First line
for
simple
ﬁstulas
Yes, 2C
··

··

··

··

··

··

··

NR
No, 2C

··

··

NR

Induction

··

No, 2D
1000
mg/d
oral

··

··

Dose

··

··

2–3
g/kg/
day
(oral)
2–3
g/kg/
day
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EL1RGA
Yes, 2C

··

EL1RGA
Yes, 2C

NR
No, 2D

EL1bRGA* 750–
No, 2D
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mg/
day
(oral)

NR
No, 2C

NR

EL1bRGB* ··

NR

Maintenance

Postoperative
maintenance

(Continues on next page)

EL2bRGC 1·5
Yes, 2C
mg/
kg/
day
(oral)

EL2bRGC 2–3 g/
Yes, 2C
kg/
day
(oral)

··

No, 2D
750–
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mg/
day
(oral)

··

··

··

··

··

Dose

N7R
No, 2C

NR

NR
No, 2C
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Maintenance

··

··

··

··

Dose

Perianal ﬁstulas (B3p)

··

Main- Dose
tenance

NR
No,
2C

··

Dose

NR

Induction

Refractory and severely active
extensive disease
(L2, L3, L4)

··

NR

Main- Dose
tenance

Refractory and severely active
localised disease (L1)

Dose

NR

Maintenance

Sulfasalazine

Dose

Induction

Dose

Induction

Mainten- Dose
ance

Mildly to moderately active extensive
disease (L2, L3, L4)

Mildly to moderately active localised
disease (L1)
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300
mg on
weeks
0/4/8

Natal- Yes, 2B
izumab

400
mg
E4W
(SC)

300
mg
E4W
(IV)

Yes, 1A

Yes, 2C

400
mg on
weeks
0/2/4
300
mg on
weeks
0/4/8

Yes, 2B

400
mg
E4W
(SC)
300
mg
E4W
(IV)

Yes, 1A

Yes, 2C

400
mg
E4W
(SC)

Yes,
1A

400
mg on
weeks
0/2/4
··

Yes, 1B

··

300
mg
E4W
(IV)

40
mg
EOW
(SC)

160/80 Yes,
mg on 1A
weeks
0/2
(SC)

Yes, 1B

Yes,
2C

5 mg/
kg
every
8
weeks
(IV)

Yes,
1A

EL1ARGB 5 mg/
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kg
every
0,2,6
weeks
(IV)

··

··

Main- Dose
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··

··

Induction Dose

Refractory and severely active
localised disease (L1)

400
mg
E4W
(SC)

Yes,
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400
mg on
weeks
0/2/4
··

Yes, 1B

··

300
mg
E4W
(IV)

40
mg
EOW
(SC)

160/80 Yes,
mg on 1A
weeks
0/2
(SC)

Yes, 1B

Yes,
2C

5 mg/
kg
every
8
weeks
(IV)

EL1aRGB 5 mg/
kg
(L2/3)
0,2,6
Yes, 1B
weeks

Yes,
1A

Main- Dose
tenance

··

··

Dose

ICW
anti
TNF
Yes,
2C

ICW anti
TNF
Yes, 2C

Induction

Refractory and severely active
extensive disease
(L2, L3, L4)

··

Maintenance

··

Dose

400
mg on
weeks
0/2/4
··

Yes, 1C

··

EL1bRGA 5 mg/
Yes, 1C
kg
every
0,2,6
weeks
(IV)

··

··

··

··

··

··

··

··

Published ··
data
available,
but not in
guideline

··

Dose

EL1bRGB 160/80 EL1bRGB 40
mg
Yes, 1C
mg on
EOW
weeks
(SC)
0/2
(SC)

NR

Maintenance

Multi··
center
study in
progress
(PREVENT
trial)

··

Dose

Postoperative
maintenance

EL1bRGA 5 mg/
Yes, 2C
kg
every
8
weeks
(IV)

NR

Induction

Perianal ﬁstulas (B3p)

Table: Simpliﬁed evidence-based therapy matrix for Crohn’s disease

Evidence level (EL) and recommendation grade (RG) listed according to consensus and position statements from the American College of Gastroenterology104 and European Crohn’s and Colitis Organization,103,105 where available. Details can be found in
the respective publications. Phenotype (L1, L2, L3, or L4) based on the Montreal classiﬁcation. European Crohn’s and Colitis Organization evidence levels and recommendations are graded and expressed according to the Oxford Centre for EvidenceBased Medicine. Recommendations denote the expert opinion of the authors. NR=not recommended. EOW=every other week. IM=intramuscular. ICW=in combination with. IV=intravenous. SC=subcutaneous. E4W=every 4 weeks. *Only after isolated
ileal resection, inferior to all other prescriptions.
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chronic inﬂammation. Intravenous iron substitution
combined with erythropoietin is required and eﬀective in
some cases.117

Arthropathy and osteoporosis
Peripheral (pauciarticular and polyarticular arthritis)
and axial arthropathy (spondylitis and frequently
isolated sacroiliitis) can precede intestinal symptoms in
Crohn’s disease. Pauciarticular arthritis (oligoarthritis)
usually aﬀects less than ﬁve large joints (eg, ankles,
knees, hips, wrists elbows and shoulder), correlates
with disease activity and responds to optimising
medications, whereas polyarticular arthritis aﬀects
more than joints (mostly small joints of the hand) and
is unrelated to disease activity. Pauciarticular and
polyarticular arthritis respond to nonsteroidal antiinﬂammatory drugs (preferably COX II inhibitors) and
physical therapy, and ankylosing spondylitis also
responds to anti-TNF. Patients with Crohn’s disease are
at risk for osteoporosis (because of steroid use, and
diminished vitamin and mineral absorption) and
inﬂammation-induced bone loss and should be
supplemented with calcium and vitamin D while taking
steroids or should receive a bisphosphonate before
initiation of such treatment.118

Pyoderma gangrenosum and erythema nodosum
Pyoderma gangrenosum and erythema nodosum are
frequently associated with Crohn’s disease and diagnosed on clinical grounds. Biopsies are generally not
recommended and could induce additional eruptions
in pyoderma because of pathergy. They need to be
distinguished from therapy associated acneiform and
psoriasiform skin lesions119 and opportunistic infections.
The diagnosis and management of other extraintestinal
manifestations8 and associated autoimmune disorders9
(ﬁgure 3) is discussed elsewhere.104,105

New therapeutic targets and strategies
Numerous compounds targeting various aspects (interleukins 6, 10, 11, 12, 17, and 23, TNFα and interferon γ,
CD3 and CD4 T cells, leucocyte expansion and migration,
antigen presentation by monocytes, macrophages and
dendritic cells, oral tolerance, epithelial cell growth,
microbial metabolism and composition) of the inﬂammatory process (ﬁgures 1, 2) with diﬀerent compound
classes (monoclonal antibodies, fusion proteins, small
molecules, recombinant growth factors and oligonucleotides) have been proposed and engineered for
Crohn’s diease and other chronic inﬂammatory disorders. Some are in clinical development (appendix p 9).
Most of these strategies were based on scientiﬁc data
and conceptual frameworks derived from in-vitro
experiments and studies with animals, few of which
develop a true illness that resembles human Crohn’s
disease. Prediction at the bench of what will eventually
work at the bedside is increasingly diﬃcult. Perhaps
1600

individual genetic and environmental proﬁles derived
from data from genome-wide association studies need to
be incorporated in patient selection for future clinical
trials. Because of space constraints we focus on three
concepts (additional investigational compounds and
concepts are provided in the appendix p 9).

Blockade of key cytokines
Interleukin 12 aﬀects pathways shared by genetically
related (appendix pp 2–3), but phenotypically diﬀerent
chronic inﬂammatory disorders such as multiple sclerosis,
rheumatoid arthritis, and psoriasis. The p40 antibodies
against interleukins 12 and 23 briakinumab (Abbott
Laboratories, IL, USA)120 and ustekinumab,121 the latter of
which is approved for psoriasis, initially showed equivocal
eﬀects in Crohn’s disease, but more recently ustekinumab
was eﬀective in a phase 2b induction trial for this disorder
and is expected to enter phase 3. Both antibodies show
better results for remission at 4–6 months than shortly
after diagnosis and thus could be developed as maintenance rather than induction agents.

Blockade of leucocyte migration, adhesion, and homing
Vedolizumab (anti-α4β7, also known as MLN-02, LDP-02,
and MLN0002) is a humanised monoclonal IgG1 antibody
targeting integrin α4β7. Its activity is focused on α4β7
MAdCAM-1 binding. Because MAdCAM-1 is expressed
almost exclusively in the gastrointestinal tract it could
have advantages compared with anti-α4 (ie, natalizumab
and AJM300 [Ajinomoto Pharmaceuticals, Japan], which
is associated with risk of progressive multifocal
leukoencephalopathy.122 Vedolizumab for Crohn’s diease
(and ulcerative colitis) is being assessed in phase 3 trials.
PF-00547659 (anti-MAdCAM, Pﬁzer, USA) is a
monoclonal IgG2 antibody directed at MAdCAM that is
being studied in Crohn’s disease (and ulcerative colitis).
It aﬀects the same target as vedolizumab from the
opposite direction and thus also blocks α4+β7+, but not
β7– leucocyte adhesion to MAdCAM.123 AJM300 (anti-α4)
is an orally active small molecule that was assessed in
one randomised placebo controlled trial in patients with
Crohn’s diease.124 Etrolizumab (anti-β7, also known as
rhuMAb Beta7 and PRO145223, Genentech, CA, USA) is
a humanised monoclonal IgG1 antibody targeting the
integrin subunit β7.125 It blocks both α4β7 and αEβ7 integrins
and is in phase 1 and 2 trials for ulcerative colitis
(NCT00694980, NCT01336465, NCT01461317).
GSK-1605786A and CCX282-B (both GlaxoSmithKline,
UK) is an orally bioavailable small molecule that
selectively blocks the human CCR9 receptor.126 It has
been studied in a multicentre, double-blind, placebo
controlled, parallel group study in patients with Crohn’s
disease. Although the primary endpoint was not
achieved, signiﬁcant diﬀerences in clinical remission
were recorded at week 12, and eﬃcacy for maintenance
of remission in patients who responded to this agent was
shown in a placebo controlled maintenance trial.127
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Cell-based therapies
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Although global blockade of key immune cells, such as
T cells, through anti-CD3 has failed in Crohn’s
disease,127 stem cell therapies derived from adult
haemtopoietic,128 mesenchmal stromal,129 and adipose
tissue130 show promise. The best studied idea is the
autologous, non-myeloablative haemtopoietic stem cell
transplantation. In the largest series so far, all
24 patients studied went into remission. The percentage
of clinical relapse-free survival after transplantation
was 91% at 1 year, 63% at 2 years, 57% at 3 years, 39% at
4 years, and 19% at 5 years. The percentages of patients
in remission, steroid-free, or medication-free at any
post transplantation assessment interval more than
5 years after transplantation has remained at or greater
than 70%, 80%, and 60%, respectively.128 A new, multicentre study (ASTIC) assessing this therapy has been
halted as of January, 2012 (NCT00297193). Autologous
mesenchmal stromal stem cell transplantation was
studied in a phase 1 trial.129 Another approach involves
locally applied adipose stem cells. A phase 2 trial
reported healing of complex perianal ﬁstulas in 71% of
24 patients who received adipose stem cells in addition
to ﬁbrin glue.130 Stem cell based therapies attract
criticism from some experts because autologous
transplantation reintroduces the genetically defective
immune cells, does not address the known genetic
defects in various other cell types (namely epithelial
cells) and because the conceptually potentially more
eﬀective allogeneic protocol carries substantial,
myeloablation related mortality risks. Local injection of
adipose stem cells has been criticised because its
mechanisms are incompletely understood.

Many approved Crohn’s disease therapies are safe in the
setting of conception and pregnancy.132,133 Couples need to
be counselled about potential eﬀects of inﬂiximab,
adalimumab, and sulfasalazine on sperm quality and
the potential eﬀect of pelvic surgery on fecundity.
Methotrexate is contraindicated in conception and
pregnancy. Thiopurines and approved biological agents
(except natalizumab because of absence of data) are
generally regarded as safe with regard to conception,
pregnancy, and breastfeeding and should be continued.
Antibiotics, sulfasalazine, and methotrexate are contraindicated during breastfeeding. Women with Crohn’s
disease might have a higher risk of an abnormal Pap
smear compared with healthy controls and those who
use immunomodulators have a higher risk of an
abnormal Pap smear associated with HPV infection and
need close cervical cancer screening.134

Prevention, risk management, and surveillance
Infection and vaccination
Almost all medications for Crohn’s disease are associated
with an increased risk of potentially life-threatening
infections.104,108 Prevention starts with selection of
appropriate drugs for the speciﬁc clinical situation and
screening for active infections before initiation of
immunosuppressive drugs, including steroids and
biological agents.103 Special attention should be placed on
tuberculosis, infectious hepatitis, cytomegalovirus, or
HIV infection, and Clostridium diﬃcile (appendix p 5).
Another important aspect is ensuring an up-to-date
immunisation status. Patients with Crohn’s disease
should be encouraged to complete their vaccinations
before therapy according to annually updated authority
recommendations for people with primary and secondary
immunodeﬁciencies. Patients receiving natalizumab are
at risk to develop progressive multifocal leukoencephalopathy, a serious and usually fatal CNS infection
caused by JC polyoma virus;131 these patients need special
neurological monitoring. Natalizumab is only approved
for Crohn’s disease in selected jurisdictions under a
special restrictive schedule.
www.thelancet.com Vol 380 November 3, 2012

Malignancy
Patients with Crohn’s disease are at risk for early
small bowel and colorectal cancer.135,136 The risk is even
higher with a family history of sporadic colorectal cancer, uncontrolled inﬂammation, shortened colon, and
multiple pseudopolyps.137 If more than a third of the colon
is aﬀected (L3) patients should be enrolled in a
surveillance programme 8 years after the onset of
symptoms. Colonoscopies should be done ideally in
remission every 1–2 years, when normal every 1–3 years
thereafter. After 20 years the screening frequency defaults
to the initial schedule. Patients with primary sclerosing
cholangitis are especially at risk for right sided colorectal
cancer and should undergo annual screening.136,137
Dysplasia is managed according to the algorithm
developed by Farraye and colleagues137 (appendix p 10).
Thiopiurines110 and TNF blockers109 have been independently associated with development of mostly B-cell
lymphomas. The rare hepatosplenic T-cell lymphomas138
preferably aﬀect males younger than 35 years and
have a very poor prognosis. Thiopurines photosensitise
human skin to UVA radiation. This sensitivity has been
associated with an increased risk for non-melanoma skin
cancer in Crohn’s disease and requires protection against
UVA and lifelong dermatological surveillance.139
Contributors
DCB did the literature search, designed the ﬁgures and tables, and
wrote the ﬁrst draft of the Seminar. DCB and WJS edited the report.
Conﬂicts of interest
DCB receives research support from Abbott, Astellas, Biocodex, Facet
Biotech, and Shire; is a consultant for Abbott, AstraZeneca, Bayer Schering
Pharma, Cellerix, (TiGenix), Genentech (Roche group), medac
autoimmun, MSD, Otsuka, Facet Biotech, (formerly Protein Design Labs),
and UCB; has received speaker’s fees from Abbott, AstraZeneca, Dr Falk
Pharma, Ferring, MSD, Otsuka, Shire, and UCB. All of his activities and
contracts are in conformity with the “FSA-Kodex Fachkreise” (voluntary
self-monitoring code for expert consultants to the pharmaceutical
industry), have been checked by the legal Department of Charité
Universitätsmedizin, Berlin, and have been approved by the directorate of
the Faculty of Medicine Charité Universitätsmedizin Berlin. WJS has

1601

Seminar

receives research support from Abbott, Bristol-Myers Squibb, Genentech,
GlaxoSmithKline, Janssen, Millennium Pharmaceuticals, Novartis, Pﬁzer,
Procter and Gamble Pharmaceuticals, Shire Pharmaceuticals, and UCB; is
a consultant for Abbott, ActoGeniX NV, AGI Therapeutics, Alba
Therapeutics Corporation, Albireo, Alfa Wasserman, Amgen, AM-Pharma
BV, Anaphore, Astellas Pharma, Athersys, Atlantic Healthcare, Axcan
Pharma, BioBalance Corporation, Boehringer-Ingelheim, Bristol-Myers
Squibb, Celegene, Celek Pharmaceuticals, Cellerix SL, Cerimon
Pharmaceuticals, ChemoCentryx, CoMentis, Cosmo Technologies,
Coronado Biosciences, Cytokine Pharmasciences, Eagle Pharmaceuticals,
Eisai Medical Research, Elan Pharmaceuticals, EnGene, Eli Lilly,
Enteromedics, Exagen Diagnostics, Ferring Pharmaceuticals, Flexion
Therapeutics, Funxional Therapeutics, Genzyme Corporation, Genentech,
Gilead Sciences, Given Imaging, GlaxoSmithKline, Human Genome
Sciences, Ironwood Pharmaceuticals, Janssen, KaloBios Pharmaceuticals,
Lexicon Pharmaceuticals, Lycera Corporation, Meda Pharmaceuticals,
Merck Research Laboratories, MerckSerono, Millennium Pharmaceuticals,
Nisshin Kyorin Pharmaceuticals, Novo Nordisk A/S, NPS
Pharmaceuticals, Optimer Pharmaceuticals, Orexigen Therapeutics, PDL
Biopharma, Pﬁzer, Procter and Gamble, Prometheus Laboratories, ProtAb
Limited, Purgenesis Technologies, Relypsa, Salient Pharmaceuticals, Salix
Pharmaceuticals, Santarus, Schering Plough Corporation, Shire
Pharmaceuticals, Sigmoid Pharma Limited, Sirtris Pharmaceuticals,
SLA Pharma (UK), Targacept, Teva Pharmaceuticals, Therakos, Tillotts
Pharma AG, TxCell SA, UCB Pharma, Viamet Pharmaceuticals, Vascular
Biogenics, Warner Chilcott, Wyeth; and has received speaker’s fees from
Abbott Laboratories, Bristol-Myers Squibb, Janssen.
Acknowledgments
We apologise to the authors whose work we could not cite due to space
constraints. DCB’s research group received grant support from the
Eli & Edythe L. Broad Foundation, Los Angeles, CA, USA, Fritz Bender
Foundation, Munich, Germany, German Research Council, Bonn,
Germany, the German Federal Ministry of Education and Research, the
Volkswagen Foundation (VolkswagenStiftung), the BMW Foundation,
the United European Gastroenterology Federation (UEGF), and
continuous intramural Charité Medical School bonus funding.
References
1
Crohn’s Disease and Ulcerative Colitis—From Epidemiology
and Immunobiology to a Rational Diagnostic and Therapeutic
Approach. Baumgart DC, ed. Springer, New York, 2012,
ISBN 1461409977.
2
Spehlmann ME, Begun AZ, Burghardt J, Lepage P, Raedler A,
Schreiber S. Epidemiology of inﬂammatory bowel disease in a
German twin cohort: results of a nationwide study.
Inﬂamm Bowel Dis 2008; 14: 968–76.
3
Ng SC, Woodrow S, Patel N, Subhani J, Harbord M. Role of genetic
and environmental factors in British twins with inﬂammatory
bowel disease. Inﬂamm Bowel Dis 2012; 18: 725–36.
4
Bengtson MB, Solberg C, Aamodt G, et al, and the IBSEN study
group. Familial aggregation in Crohn’s disease and ulcerative colitis
in a Norwegian population-based cohort followed for ten years.
J Crohn’s Colitis 2009; 3: 92–99.
5
Bengtson MB, Solberg C, Aamodt G, et al, and the Ibsen Study
Group. Clustering in time of familial IBD separates ulcerative
colitis from Crohn’s disease. Inﬂamm Bowel Dis 2009; 15: 1867–74.
6
Franke A, McGovern DP, Barrett JC, et al. Genome-wide
meta-analysis increases to 71 the number of conﬁrmed Crohn’s
disease susceptibility loci. Nat Genet 2010; 42: 1118–25.
7
Anderson CA, Boucher G, Lees CW, et al. Meta-analysis identiﬁes
29 additional ulcerative colitis risk loci, increasing the number of
conﬁrmed associations to 47. Nat Genet 2011; 43: 246–52.
8
Vavricka SR, Brun L, Ballabeni P, et al. Frequency and risk factors
for extraintestinal manifestations in the Swiss inﬂammatory bowel
disease cohort. Am J Gastroenterol 2011; 106: 110–19.
9
Bernstein CN, Wajda A, Blanchard JF. The clustering of other
chronic inﬂammatory diseases in inﬂammatory bowel disease:
a population-based study. Gastroenterology 2005; 129: 827–36.
10 Hou JK, El-Serag H, Thirumurthi S. Distribution and
manifestations of inﬂammatory bowel disease in Asians,
Hispanics, and African Americans: a systematic review.
Am J Gastroenterol 2009; 104: 2100–09.

1602

11

12
13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Park JH, Wacholder S, Gail MH, et al. Estimation of eﬀect size
distribution from genome-wide association studies and
implications for future discoveries. Nat Genet 2010; 42: 570–75.
Georges M. The long and winding road from correlation to
causation. Nat Genet 2011; 43: 180–81.
Brest P, Lapaquette P, Souidi M, et al. A synonymous variant in
IRGM alters a binding site for miR-196 and causes deregulation of
IRGM-dependent xenophagy in Crohn’s disease. Nat Genet 2011;
43: 242–45.
Loftus EV Jr. Clinical epidemiology of inﬂammatory bowel disease:
Incidence, prevalence, and environmental inﬂuences.
Gastroenterology 2004; 126: 1504–17.
Aamodt G, Jahnsen J, Bengtson MB, Moum B, Vatn MH, and the
IBSEN Study Group. Geographic distribution and ecological
studies of inﬂammatory bowel disease in southeastern Norway
in 1990–1993. Inﬂamm Bowel Dis 2008; 14: 984–91.
Abakar-Mahamat A, Filippi J, Pradier C, Dozol A, Hébuterne X.
Incidence of inﬂammatory bowel disease in Corsica from 2002 to
2003. Gastroenterol Clin Biol 2007; 31: 1098–103.
Declercq C, Gower-Rousseau C, Vernier-Massouille G, et al. Mapping
of inﬂammatory bowel disease in northern France: spatial variations
and relation to aﬄuence. Inﬂamm Bowel Dis 2010; 16: 807–12.
Joossens M, Simoens M, Vermeire S, Bossuyt X, Geboes K,
Rutgeerts P. Contribution of genetic and environmental factors in
the pathogenesis of Crohn’s disease in a large family with multiple
cases. Inﬂamm Bowel Dis 2007; 13: 580–84.
Lerebours E, Gower-Rousseau C, Merle V, et al. Stressful life events
as a risk factor for inﬂammatory bowel disease onset:
A population-based case-control study. Am J Gastroenterol 2007;
102: 122–31.
Barclay AR, Russell RK, Wilson ML, Gilmour WH, Satsangi J,
Wilson DC. Systematic review: the role of breastfeeding in the
development of pediatric inﬂammatory bowel disease. J Pediatr
2009; 155: 421–26.
Gent AE, Hellier MD, Grace RH, Swarbrick ET, Coggon D.
Inﬂammatory bowel disease and domestic hygiene in infancy.
Lancet 1994; 343: 766–67.
Aamodt G, Bukholm G, Jahnsen J, Moum B, Vatn MH, and the
IBSEN Study Group. The association between water supply and
inﬂammatory bowel disease based on a 1990–1993 cohort study in
southeastern Norway. Am J Epidemiol 2008; 168: 1065–72.
Bernstein CN, Kraut A, Blanchard JF, Rawsthorne P, Yu N,
Walld R. The relationship between inﬂammatory bowel disease
and socioeconomic variables. Am J Gastroenterol 2001;
96: 2117–25.
Kaplan GG, Hubbard J, Korzenik J, et al. The inﬂammatory bowel
diseases and ambient air pollution: a novel association.
Am J Gastroenterol 2010; 105: 2412–19.
Hou JK, Abraham B, El-Serag H. Dietary intake and risk of
developing inﬂammatory bowel disease: a systematic review
of the literature. Am J Gastroenterol 2011; 106: 563–73.
Seksik P, Nion-Larmurier I, Sokol H, Beaugerie L, Cosnes J.
Eﬀects of light smoking consumption on the clinical course of
Crohn’s disease. Inﬂamm Bowel Dis 2009; 15: 734–41.
Jones DT, Osterman MT, Bewtra M, Lewis JD. Passive smoking and
inﬂammatory bowel disease: a meta-analysis. Am J Gastroenterol
2008; 103: 2382–93.
Tuvlin JA, Raza SS, Bracamonte S, et al. Smoking and
inﬂammatory bowel disease: trends in familial and sporadic
cohorts. Inﬂamm Bowel Dis 2007; 13: 573–79.
García Rodríguez LA, Ruigómez A, Panés J. Acute gastroenteritis
is followed by an increased risk of inﬂammatory bowel disease.
Gastroenterology 2006; 130: 1588–94.
Joossens M, Huys G, Cnockaert M, et al. Dysbiosis of the faecal
microbiota in patients with Crohn’s disease and their unaﬀected
relatives. Gut 2011; 60: 631–37.
Moussata D, Goetz M, Gloeckner A, et al. Confocal laser
endomicroscopy is a new imaging modality for recognition of
intramucosal bacteria in inﬂammatory bowel disease in vivo.
Gut 2011; 60: 26–33.
Darfeuille-Michaud A, Boudeau J, Bulois P, et al. High prevalence
of adherent-invasive Escherichia coli associated with ileal mucosa in
Crohn’s disease. Gastroenterology 2004; 127: 412–21.

www.thelancet.com Vol 380 November 3, 2012

Seminar

33

34

35

36

37

38

39
40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Lee JS, Shin SJ, Collins MT, et al. Mycobacterium avium subsp.
paratuberculosis ﬁbronectin attachment protein activates dendritic
cells and induces a Th1 polarization. Infect Immun 2009; 77: 2979–88.
Di Sabatino A, Paccagnini D, Vidali F, et al. Detection of
Mycobacterium avium subsp. paratuberculosis (MAP)-speciﬁc IS900
DNA and antibodies against MAP peptides and lysate in the blood
of Crohn’s disease patients. Inﬂamm Bowel Dis 2011; 17: 1254–55.
Lee A, Griﬃths TA, Parab RS, et al. Association of Mycobacterium
avium subspecies paratuberculosis with Crohn Disease in pediatric
patients. J Pediatr Gastroenterol Nutr 2011; 52: 170–74.
Baumgart DC, Bernstein CN, Abbas Z, et al. IBD Around the world:
comparing the epidemiology, diagnosis, and treatment: proceedings
of the World Digestive Health Day 2010—Inﬂammatory Bowel
Disease Task Force meeting. Inﬂamm Bowel Dis 2011; 17: 639–44.
Selby W, Pavli P, Crotty B, et al, and the Antibiotics in Crohn’s
Disease Study Group. Two-year combination antibiotic therapy with
clarithromycin, rifabutin, and clofazimine for Crohn’s disease.
Gastroenterology 2007; 132: 2313–19.
Gill CO, Saucier L, Meadus WJ. Mycobacterium avium subsp.
paratuberculosis in dairy products, meat, and drinking water.
J Food Prot 2011; 74: 480–99.
Zhang FR, Huang W, Chen SM, et al. Genomewide association
study of leprosy. N Engl J Med 2009; 361: 2609–18.
Cadwell K, Patel KK, Maloney NS, et al. Virus-plus-susceptibility
gene interaction determines Crohn’s disease gene Atg16L1
phenotypes in intestine. Cell 2010; 141: 1135–45.
Cornish JA, Tan E, Simillis C, Clark SK, Teare J, Tekkis PP. The risk
of oral contraceptives in the etiology of inﬂammatory bowel disease:
a meta-analysis. Am J Gastroenterol 2008; 103: 2394–400.
Bernstein CN, Rawsthorne P, Blanchard JF. Population-based
case-control study of measles, mumps, and rubella and
inﬂammatory bowel disease. Inﬂamm Bowel Dis 2007; 13: 759–62.
Rousseau MC, Parent ME, St-Pierre Y. Potential health eﬀects from
non-speciﬁc stimulation of the immune function in early age:
the example of BCG vaccination. Pediatr Allergy Immunol 2008;
19: 438–48.
Kaplan GG, Jackson T, Sands BE, Frisch M, Andersson RE,
Korzenik J. The risk of developing Crohn’s disease after an
appendectomy: a meta-analysis. Am J Gastroenterol 2008;
103: 2925–31.
Costello EK, Lauber CL, Hamady M, Fierer N, Gordon JI, Knight R.
Bacterial community variation in human body habitats across space
and time. Science 2009; 326: 1694–97.
Turnbaugh PJ, Quince C, Faith JJ, et al. Organismal, genetic, and
transcriptional variation in the deeply sequenced gut microbiomes
of identical twins. Proc Natl Acad Sci USA 2010; 107: 7503–08.
Claesson MJ, Cusack S, O’Sullivan O, et al. Composition, variability,
and temporal stability of the intestinal microbiota of the elderly.
Proc Natl Acad Sci USA 2011; 108 (suppl 1): 4586–91.
Muegge BD, Kuczynski J, Knights D, et al. Diet drives convergence
in gut microbiome functions across mammalian phylogeny and
within humans. Science 2011; 332: 970–74.
Dethlefsen L, Relman DA. Incomplete recovery and
individualized responses of the human distal gut microbiota to
repeated antibiotic perturbation. Proc Natl Acad Sci USA 2011;
108 (suppl 1): 4554–61.
Arumugam M, Raes J, Pelletier E, et al, and the MetaHIT
Consortium. Enterotypes of the human gut microbiome. Nature
2011; 473: 174–80.
Qin J, Li R, Raes J, et al, and the MetaHIT Consortium. A human
gut microbial gene catalogue established by metagenomic
sequencing. Nature 2010; 464: 59–65.
Frank DN, St Amand AL, Feldman RA, Boedeker EC, Harpaz N,
Pace NR. Molecular-phylogenetic characterization of microbial
community imbalances in human inﬂammatory bowel diseases.
Proc Natl Acad Sci USA 2007; 104: 13780–85.
Willing BP, Dicksved J, Halfvarson J, et al. A pyrosequencing study
in twins shows that gastrointestinal microbial proﬁles vary with
inﬂammatory bowel disease phenotypes. Gastroenterology 2010;
139: 1844–54, e1.
Sokol H, Pigneur B, Watterlot L, et al. Faecalibacterium prausnitzii is
an anti-inﬂammatory commensal bacterium identiﬁed by gut
microbiota analysis of Crohn disease patients.
Proc Natl Acad Sci USA 2008; 105: 16731–36.

www.thelancet.com Vol 380 November 3, 2012

55

56

57

58

59

60

61

62

63

64

65

66

67

68
69

70

71

72

73

74

75
76

77

Bloom SM, Bijanki VN, Nava GM, et al. Commensal Bacteroides
species induce colitis in host-genotype-speciﬁc fashion in a mouse
model of inﬂammatory bowel disease. Cell Host Microbe 2011;
9: 390–403.
Buisine MP, Desreumaux P, Debailleul V, et al. Abnormalities in
mucin gene expression in Crohn’s disease. Inﬂamm Bowel Dis 1999;
5: 24–32.
Söderholm JD, Olaison G, Peterson KH, et al. Augmented increase
in tight junction permeability by luminal stimuli in the
non-inﬂamed ileum of Crohn’s disease. Gut 2002; 50: 307–13.
Zeissig S, Bürgel N, Günzel D, et al. Changes in expression and
distribution of claudin 2, 5 and 8 lead to discontinuous tight
junctions and barrier dysfunction in active Crohn’s disease. Gut
2007; 56: 61–72.
Weber CR, Raleigh DR, Su L, et al. Epithelial myosin light chain
kinase activation induces mucosal interleukin-13 expression to alter
tight junction ion selectivity. J Biol Chem 2010; 285: 12037–46.
Marchiando AM, Shen L, Graham WV, et al. Caveolin-1-dependent
occludin endocytosis is required for TNF-induced tight junction
regulation in vivo. J Cell Biol 2010; 189: 111–26.
Clayburgh DR, Barrett TA, Tang Y, et al. Epithelial myosin light
chain kinase-dependent barrier dysfunction mediates T cell
activation-induced diarrhea in vivo. J Clin Invest 2005;
115: 2702–15.
Barreau F, Madre C, Meinzer U, et al. Nod2 regulates the host
response towards microﬂora by modulating T cell function and
epithelial permeability in mouse Peyer’s patches. Gut 2010;
59: 207–17.
Buhner S, Buning C, Genschel J, et al. Genetic basis for increased
intestinal permeability in families with Crohn’s disease: role of
CARD15 3020insC mutation? Gut 2006; 55: 342–47.
Salzman NH, Hung K, Haribhai D, et al. Enteric defensins are
essential regulators of intestinal microbial ecology. Nat Immunol
2010; 11: 76–83.
Cadwell K, Liu JY, Brown SL, et al. A key role for autophagy and the
autophagy gene Atg16l1 in mouse and human intestinal Paneth
cells. Nature 2008; 456: 259–63.
Kaser A, Lee AH, Franke A, et al. XBP1 links ER stress to intestinal
inﬂammation and confers genetic risk for human inﬂammatory
bowel disease. Cell 2008; 134: 743–56.
Biswas A, Liu YJ, Hao L, et al. Induction and rescue of
Nod2-dependent Th1-driven granulomatous inﬂammation of
the ileum. Proc Natl Acad Sci USA 2010; 107: 14739–44.
Kaser A, Blumberg RS. Endoplasmic reticulum stress and intestinal
inﬂammation. Mucosal Immunol 2010; 3: 11–16.
Niess JH, Brand S, Gu X, et al. CX3CR1-mediated dendritic cell
access to the intestinal lumen and bacterial clearance. Science 2005;
307: 254–58.
Baumgart DC, Metzke D, Guckelberger O, et al. Aberrant plasmacytoid
dendritic cell distribution and function in patients with Crohn’s disease
and ulcerative colitis. Clin Exp Immunol 2011; 166: 46–54.
Baumgart DC, Thomas S, Przesdzing I, et al. Exaggerated
inﬂammatory response of primary human myeloid dendritic cells
to lipopolysaccharide in patients with inﬂammatory bowel disease.
Clin Exp Immunol 2009; 157: 423–36.
Baumgart DC, Metzke D, Schmitz J, et al. Patients with active
inﬂammatory bowel disease lack immature peripheral blood
plasmacytoid and myeloid dendritic cells. Gut 2005; 54: 228–36.
Hart AL, Al-Hassi HO, Rigby RJ, et al. Characteristics of intestinal
dendritic cells in inﬂammatory bowel diseases. Gastroenterology
2005; 129: 50–65.
Rakoﬀ-Nahoum S, Paglino J, Eslami-Varzaneh F, Edberg S,
Medzhitov R. Recognition of commensal microﬂora by toll-like
receptors is required for intestinal homeostasis. Cell 2004;
118: 229–41.
Vijay-Kumar M, Sanders CJ, Taylor RT, et al. Deletion of TLR5 results
in spontaneous colitis in mice. J Clin Invest 2007; 117: 3909–21.
Iliev ID, Spadoni I, Mileti E, et al. Human intestinal epithelial cells
promote the diﬀerentiation of tolerogenic dendritic cells. Gut 2009;
58: 1481–89.
van Heel DA, Ghosh S, Butler M, et al. Muramyl dipeptide and
toll-like receptor sensitivity in NOD2-associated Crohn’s disease.
Lancet 2005; 365: 1794–96.

1603

Seminar

78

79

80
81

82

83

84

85

86

87

88
89
90

91

92

93

94

95

96

97

98
99

1604

Cooney R, Baker J, Brain O, et al. NOD2 stimulation induces
autophagy in dendritic cells inﬂuencing bacterial handling and
antigen presentation. Nat Med 2010; 16: 90–97.
Noguchi E, Homma Y, Kang X, Netea MG, Ma X. A Crohn’s
disease-associated NOD2 mutation suppresses transcription of
human IL10 by inhibiting activity of the nuclear ribonucleoprotein
hnRNP-A1. Nat Immunol 2009; 10: 471–79.
Levine B, Mizushima N, Virgin HW. Autophagy in immunity
and inﬂammation. Nature 2011; 469: 323–35.
Travassos LH, Carneiro LA, Ramjeet M, et al. Nod1 and Nod2 direct
autophagy by recruiting ATG16L1 to the plasma membrane at the
site of bacterial entry. Nat Immunol 2010; 11: 55–62.
Collison LW, Chaturvedi V, Henderson AL, et al. IL-35-mediated
induction of a potent regulatory T cell population. Nat Immunol
2010; 11: 1093–101.
Weaver CT, Hatton RD. Interplay between the TH17 and TReg cell
lineages: a (co-)evolutionary perspective. Nat Rev Immunol 2009;
9: 883–89.
Zhou L, Lopes JE, Chong MM, et al. TGF-beta-induced Foxp3
inhibits T(H)17 cell diﬀerentiation by antagonizing RORgammat
function. Nature 2008; 453: 236–40.
Glocker EO, Kotlarz D, Boztug K, et al. Inﬂammatory bowel disease
and mutations aﬀecting the interleukin-10 receptor. N Engl J Med
2009; 361: 2033–45.
Ferreira RC, Pan-Hammarström Q, Graham RR, et al. Association
of IFIH1 and other autoimmunity risk alleles with selective IgA
deﬁciency. Nat Genet 2010; 42: 777–80.
Lee SK, Kim BK, Kim TI, Kim WH. Diﬀerential diagnosis of
intestinal Behçet’s disease and Crohn’s disease by colonoscopic
ﬁndings. Endoscopy 2009; 41: 9–16.
Pawlowski SW, Warren CA, Guerrant R. Diagnosis and treatment
of acute or persistent diarrhea. Gastroenterology 2009; 136: 1874–86.
Maartens G, Wilkinson RJ. Tuberculosis. Lancet 2007; 370: 2030–43.
Silverberg MS, Satsangi J, Ahmad T, et al. Toward an integrated
clinical, molecular and serological classiﬁcation of inﬂammatory
bowel disease: Report of a Working Party of the 2005 Montreal
World Congress of Gastroenterology. Can J Gastroenterol 2005;
19 (suppl A): 5–36.
Peyrin-Biroulet L, Loftus EV Jr, Colombel JF, Sandborn WJ.
The natural history of adult Crohn’s disease in population-based
cohorts. Am J Gastroenterol 2010; 105: 289–97.
Thia KT, Sandborn WJ, Harmsen WS, Zinsmeister AR,
Loftus EV Jr. Risk factors associated with progression to intestinal
complications of Crohn’s disease in a population-based cohort.
Gastroenterology 2010; 139: 1147–55.
Marion JF, Waye JD, Present DH, et al, and the Chromoendoscopy
Study Group at Mount Sinai School of Medicine.
Chromoendoscopy-targeted biopsies are superior to standard
colonoscopic surveillance for detecting dysplasia in inﬂammatory
bowel disease patients: a prospective endoscopic trial.
Am J Gastroenterol 2008; 103: 2342–49.
Pellisé M, López-Cerón M, Rodríguez de Miguel C, et al. Narrow-band
imaging as an alternative to chromoendoscopy for the detection of
dysplasia in long-standing inﬂammatory bowel disease: a prospective,
randomized, crossover study. Gastrointest Endosc 2011; 74: 840–48.
Dionisio PM, Gurudu SR, Leighton JA, et al. Capsule endoscopy
has a signiﬁcantly higher diagnostic yield in patients with suspected
and established small-bowel Crohn’s disease: a meta-analysis.
Am J Gastroenterol 2010; 105: 1240–48, quiz 1249.
Panés J, Bouzas R, Chaparro M, et al. Systematic review: the use of
ultrasonography, computed tomography and magnetic resonance
imaging for the diagnosis, assessment of activity and abdominal
complications of Crohn’s disease. Aliment Pharmacol Ther 2011;
34: 125–45.
Peloquin JM, Pardi DS, Sandborn WJ, et al. Diagnostic ionizing
radiation exposure in a population-based cohort of patients with
inﬂammatory bowel disease. Am J Gastroenterol 2008; 103: 2015–22.
Lewis JD. The utility of biomarkers in the diagnosis and therapy
of inﬂammatory bowel disease. Gastroenterology 2011; 140: 1817–26, e2.
Baert F, Moortgat L, Van Assche G, et al, and the Belgian
Inﬂammatory Bowel Disease Research Group, and the
North-Holland Gut Club. Mucosal healing predicts sustained
clinical remission in patients with early-stage Crohn’s disease.
Gastroenterology 2010; 138: 463–68, quiz e10–11.

100 D’Haens GR, Fedorak R, Lémann M, et al, and the IOIBD
Membership. Endpoints for clinical trials evaluating disease
modiﬁcation and structural damage in adults with Crohn’s disease.
Inﬂamm Bowel Dis 2009; 15: 1599–604.
101 Pariente B, Cosnes J, Danese S, et al. Development of the Crohn’s
disease digestive damage score, the Lémann score. Inﬂamm Bowel Dis
2011; 17: 1415–22.
102 Beaugerie L, Seksik P, Nion-Larmurier I, Gendre JP, Cosnes J.
Predictors of Crohn’s disease. Gastroenterology 2006; 130: 650–56.
103 Dignass A, Van Assche G, Lindsay JO, et al, and the European
Crohn’s and Colitis Organisation (ECCO). The second European
evidence-based Consensus on the diagnosis and management of
Crohn’s disease: current management. J Crohn’s Colitis 2010;
4: 28–62.
104 Talley NJ, Abreu MT, Achkar JP, et al, and the American College of
Gastroenterology IBD Task Force. An evidence-based systematic
review on medical therapies for inﬂammatory bowel disease.
Am J Gastroenterol 2011; 106 (suppl 1): S2–25, quiz S26.
105 Van AG, Dignass A, Reinisch W, et al, and the European Crohn’s
and Colitis Organisation (ECCO). The second European
evidence-based Consensus on the diagnosis and management of
Crohn’s disease: special situations. J Crohn’s Colitis 2010; 4: 63–101.
106 D’Haens G, Baert F, van Assche G, et al, and the Belgian
Inﬂammatory Bowel Disease Research Group, and the North-Holland
Gut Club. Early combined immunosuppression or conventional
management in patients with newly diagnosed Crohn’s disease:
an open randomised trial. Lancet 2008; 371: 660–67.
107 Colombel JF, Sandborn WJ, Reinisch W, et al, and the SONIC Study
Group. Inﬂiximab, azathioprine, or combination therapy for
Crohn’s disease. N Engl J Med 2010; 362: 1383–95.
108 Toruner M, Loftus EV Jr, Harmsen WS, et al. Risk factors for
opportunistic infections in patients with inﬂammatory bowel
disease. Gastroenterology 2008; 134: 929–36.
109 Bongartz T, Sutton AJ, Sweeting MJ, Buchan I, Matteson EL,
Montori V. Anti-TNF antibody therapy in rheumatoid arthritis and
the risk of serious infections and malignancies: systematic review
and meta-analysis of rare harmful eﬀects in randomized controlled
trials. JAMA 2006; 295: 2275–85.
110 Beaugerie L, Brousse N, Bouvier AM, et al, and the CESAME Study
Group. Lymphoproliferative disorders in patients receiving
thiopurines for inﬂammatory bowel disease: a prospective
observational cohort study. Lancet 2009; 374: 1617–25.
111 Van Assche G, Magdelaine-Beuzelin C, D’Haens G, et al.
Withdrawal of immunosuppression in Crohn’s disease treated with
scheduled inﬂiximab maintenance: a randomized trial.
Gastroenterology 2008; 134: 1861–68.
112 Louis E, Mary JY, Vernier-Massouille G, et al. Maintenance of
remission among patients with Crohn’s disease on antimetabolite
therapy after inﬂiximab therapy is stopped. Gastroenterology 2012;
142: 63–70.
113 Lichtenstein GR, Feagan BG, Cohen RD, et al. Serious infections
and mortality in association with therapies for Crohn’s disease:
TREAT registry. Clin Gastroenterol Hepatol 2006; 4: 621–30.
114 Larson DW, Pemberton JH. Current concepts and controversies
in surgery for IBD. Gastroenterology 2004; 126: 1611–19.
115 Peyrin-Biroulet L, Deltenre P, Ardizzone S, et al. Azathioprine and
6-mercaptopurine for the prevention of postoperative recurrence in
Crohn’s disease: a meta-analysis. Am J Gastroenterol 2009;
104: 2089–96.
116 Regueiro M, Schraut W, Baidoo L, et al. Inﬂiximab prevents Crohn’s
disease recurrence after ileal resection. Gastroenterology 2009;
136: 441–50, e1, quiz 716.
117 Stein J, Hartmann F, Dignass AU. Diagnosis and management
of iron deﬁciency anemia in patients with IBD.
Nat Rev Gastroenterol Hepatol 2010; 7: 599–610.
118 Klaus J, Haenle MM, Schröter C, et al. A single dose of intravenous
zoledronate prevents glucocorticoid therapy-associated bone loss in
acute ﬂare of Crohn’s disease, a randomized controlled trial.
Am J Gastroenterol 2011; 106: 786–93.
119 Baumgart DC, Grittner U, Steingraber A, Azzaro M, Philipp S.
Frequency, phenotype, outcome, and therapeutic impact of skin
reactions following initiation of adalimumab therapy: Experience
from a consecutive cohort of inﬂammatory bowel disease patients.
Inﬂamm Bowel Dis 2011; 17: 2512–20.

www.thelancet.com Vol 380 November 3, 2012

Seminar

120 Mannon PJ, Fuss IJ, Mayer L, et al, and the Anti-IL-12 Crohn’s
Disease Study Group. Anti-interleukin-12 antibody for active
Crohn’s disease. N Engl J Med 2004; 351: 2069–79.
121 Sandborn WJ, Feagan BG, Fedorak RN, et al, and the Ustekinumab
Crohn’s Disease Study Group. A randomized trial of Ustekinumab,
a human interleukin-12/23 monoclonal antibody, in patients with
moderate-to-severe Crohn’s disease. Gastroenterology 2008;
135: 1130–41.
122 Soler D, Chapman T, Yang LL, Wyant T, Egan R, Fedyk ER.
The binding speciﬁcity and selective antagonism of vedolizumab,
an anti-alpha4beta7 integrin therapeutic antibody in development
for inﬂammatory bowel diseases. J Pharmacol Exp Ther 2009;
330: 864–75.
123 Pullen N, Molloy E, Carter D, et al. Pharmacological
characterization of PF-00547659, an anti-human MAdCAM
monoclonal antibody. Br J Pharmacol 2009; 157: 281–93.
124 Takazoe M, Watanabe M, Kawaguchi T, et al. Oral Alpha-4 Integrin
Inhibitor (AJM300) in patients with active Crohn’s disease—
a randomized, double-blind, placebo-controlled trial.
Gastroenterology 2009; 136: A181.
125 Stefanich EG, Danilenko DM, Wang H, et al. A humanized
monoclonal antibody targeting the β7 integrin selectively blocks
intestinal homing of T lymphocytes. Br J Pharmacol 2011;
162: 1855–70.
126 Walters MJ, Wang Y, Lai N, et al. Characterization of CCX282-B,
an orally bioavailable antagonist of the CCR9 chemokine receptor,
for treatment of inﬂammatory bowel disease. J Pharmacol Exp Ther
2010; 335: 61–69.
127 Baumgart DC, Lowder JN, Targan SR, Sandborn WJ, Frankel MB.
Transient cytokine-induced liver injury following administration of
the humanized anti-CD3 antibody visilizumab (HuM291) in
Crohn’s disease. Am J Gastroenterol 2009; 104: 868–76.
128 Burt RK, Craig RM, Milanetti F, et al. Autologous nonmyeloablative
hematopoietic stem cell transplantation in patients with severe
anti-TNF refractory Crohn disease: long-term follow-up. Blood 2010;
116: 6123–32.
129 Duijvestein M, Vos AC, Roelofs H, et al. Autologous bone
marrow-derived mesenchymal stromal cell treatment for refractory
luminal Crohn’s disease: results of a phase I study. Gut 2010;
59: 1662–69.

www.thelancet.com Vol 380 November 3, 2012

130 Garcia-Olmo D, Herreros D, Pascual I, et al. Expanded
adipose-derived stem cells for the treatment of complex perianal
ﬁstula: a phase II clinical trial. Dis Colon Rectum 2009; 52: 79–86.
131 Tan CS, Koralnik IJ. Progressive multifocal leukoencephalopathy
and other disorders caused by JC virus: clinical features and
pathogenesis. Lancet Neurol 2010; 9: 425–37.
132 van der Woude CJ, Kolacek S, Dotan I, et al. European Crohn’s
Colitis Org. European evidenced-based consensus on reproduction
in inﬂammatory bowel disease. J Crohn’s Colitis 2010; 4: 493–510.
133 Mahadevan U, Cucchiara S, Hyams JS, et al. The London Position
Statement of the World Congress of Gastroenterology on Biological
Therapy for IBD with the European Crohn’s and Colitis
Organisation: pregnancy and pediatrics. Am J Gastroenterol 2011;
106: 214–23, quiz 224.
134 Kane S, Khatibi B, Reddy D. Higher incidence of abnormal Pap
smears in women with inﬂammatory bowel disease.
Am J Gastroenterol 2008; 103: 631–36.
135 Canavan C, Abrams KR, Mayberry J. Meta-analysis: colorectal and
small bowel cancer risk in patients with Crohn’s disease.
Aliment Pharmacol Ther 2006; 23: 1097–104.
136 Lutgens MW, Vleggaar FP, Schipper ME, et al. High frequency of
early colorectal cancer in inﬂammatory bowel disease. Gut 2008;
57: 1246–51.
137 Farraye FA, Odze RD, Eaden J, Itzkowitz SH. AGA technical review
on the diagnosis and management of colorectal neoplasia in
inﬂammatory bowel disease. Gastroenterology 2010; 138: 746–74.
138 Kotlyar DS, Osterman MT, Diamond RH, et al. A systematic review
of factors that contribute to hepatosplenic T-cell lymphoma in
patients with inﬂammatory bowel disease. Clin Gastroenterol Hepatol
2011; 9: 36–41, e1.
139 Peyrin-Biroulet L, Khosrotehrani K, Carrat F, et al, and the
CESAME Study Group. Increased risk for non-melanoma skin
cancers in patients who receive thiopurines for inﬂammatory bowel
disease. Gastroenterology 2011; 141: 1621–28.

1605

