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ELIAC DISEASE IS A UNIQUE AUTOIMMUNE DISORDER, UNIQUE BECAUSE

the environmental precipitant is known. The disorder was previously called

celiac sprue, based on the Dutch word sprue, which was used to describe a dis-
ease similar to tropical sprue that is characterized by diarrhea, emaciation, aphthous
stomatitis, and malabsorption.»? Celiac disease is precipitated, in genetically pre-
disposed persons, by the ingestion of gluten, the major storage protein of wheat
and similar grains.? Originally considered a rare malabsorption syndrome of child-
hood, celiac disease is now recognized as a common condition that may be diag-
nosed at any age and that affects many organ systems. The therapy for the disease is
a gluten-free diet; however, the response to therapy is poor in up to 30% of patients,
and dietary nonadherence is the chief cause of persistent or recurrent symptoms.
Small intestinal adenocarcinoma, refractory sprue, and enteropathy-associated T-cell
lymphoma are complications of celiac disease that must be ruled out when alarm-
ing symptoms such as abdominal pain, diarrhea, and weight loss develop despite a
strict gluten-free diet.

PATHOGENESIS

Celiac disease results from the interaction between gluten and immune, genetic, and
environmental factors (Fig. 1).

THE ROLE OF GLUTEN

Celiac disease is induced by the ingestion of gluten, which is derived from wheat,
barley, and rye. The gluten protein is enriched in glutamine and proline and is poor-
ly digested in the human upper gastrointestinal tract. The term “gluten” refers to the
entire protein component of wheat; gliadin is the alcohol-soluble fraction of gluten
that contains the bulk of the toxic components. Undigested molecules of gliadin,
such as a peptide from an a-gliadin fraction made up of 33 amino acids, are resis-
tant to degradation by gastric, pancreatic, and intestinal brush-border membrane
proteases in the human intestine and thus remain in the intestinal lumen after
gluten ingestion.# These peptides pass through the epithelial barrier of the intes-
tine, possibly during intestinal infections or when there is an increase in intestinal
permeability, and interact with antigen-presenting cells in the lamina propria.

MUCOSAL IMMUNE RESPONSES

In patients with celiac disease, immune responses to gliadin fractions promote an
inflammatory reaction, primarily in the upper small intestine, characterized by infil-
tration of the lamina propria and the epithelium with chronic inflammatory cells
and villous atrophy (Fig. 1). This response is mediated by both the innate and the
adaptive immune systems. The adaptive response is mediated by gliadin-reactive
CD4+ T cells in the lamina propria that recognize gliadin peptides, which are bound
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Figure 1. Interaction of Gluten with Environmental,
Immune, and Genetic Factors in Celiac Disease.

Gluten is digested by luminal and brush-border enzymes
into amino acids and peptides. The gliadin peptides in-
duce changes in the epithelium through the innate im-
mune system and, in the lamina propria, through the
adaptive immune system. In the epithelium, gliadin
damages epithelial cells, resulting in increased expres-
sion of interleukin-15, which in turn activates intraepi-
thelial lymphocytes. These lymphocytes become cyto-
toxic and kill enterocytes that express MIC-A (a stress
protein) on their surface. During infections or as the
result of permeability changes, gliadin enters the lamina
propria, where it is deamidated by tissue transglutamin-
ase, allowing interaction with HLA-DQ2 (or HLA-DQ8)
on the surface of antigen-presenting cells. Gliadin is
presented to gliadin-reactive CD4+ T cells through a
T-cell receptor, resulting in the production of cytokines
that cause tissue damage. This leads to villous atrophy
and crypt hyperplasia, as well as the activation and ex-
pansion of B cells that produce antibodies. Images of
mucosa courtesy of Govind Bhagat, M.D.

proteinases and other tissue-damaging media-
tors that induce crypt hyperplasia and villous in-
jury.® Gliadin peptides also activate an innate
immune response in the intestinal epithelium that
is characterized by increased expression of inter-
leukin-15 by enterocytes, resulting in the activa-
tion of intraepithelial lymphocytes expressing the
activating receptor NK-G2D, a natural-killer-cell
marker.® These activated cells become cytotoxic
and kill enterocytes with surface expression of
major-histocompatibility-complex class I chain-
related A (MIC-A), a cell-surface antigen induced
by stress, such as an infection.'®** The mecha-
nism of the interaction between the processes in
the epithelium and lamina propria has not been
elucidated.

GENETIC FACTORS
The genetic influence in the pathogenesis of celiac
disease is indicated by its familial occurrence.'?
Celiac disease does not develop unless a person
has alleles that encode for HLA-DQ2 or HLA-DQS8
proteins, products of two of the HLA genes.!3
However, many people, most of whom do not have
celiac disease, carry these alleles; thus, their pres-
ence is necessary but not sufficient for the devel-
opment of the disease. Studies in siblings and
identical twins suggest that the contribution of
HLA genes to the genetic component of celiac dis-
ease is less than 50%.%* Several non-HLA genes
that may influence susceptibility to the disease
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have been identified, but their influence has not
been confirmed.

ENVIRONMENTAL FACTORS
Environmental factors that have an important role
in the development of celiac disease have been
suggested by epidemiologic studies. These include
a protective effect of breast-feeding?® and the intro-
duction of gluten in relation to weaning.1°*® The
initial administration of gluten before 4 months
of age is associated with an increased risk of dis-
ease development,® and the introduction of glu-
ten after 7 months is associated with a marginal
risk.1® However, the overlap of gluten introduction
with breast-feeding may be a more important pro-
tective factor in minimizing the risk of celiac dis-
ease.'® The occurrence of certain gastrointestinal
infections, such as rotaviral infection, also increas-
es the risk of celiac disease in infancy.'® Further
study of environmental factors might facilitate
the development of strategies for primary pre-
vention of celiac disease.?°

EPIDEMIOLOGY

Celiac disease occurs in adults and children at
rates approaching 1% of the population.2*2> The
disease is recognized not only throughout Europe
and in countries populated by persons of Euro-
pean ancestry but also in the Middle East,?32¢
Asia,?” South America.?® and North Africa.?® In
most affected people, celiac disease remains un-
diagnosed,?! although the rate of diagnosis is
increasing.?°

CLINICAL MANIFESTATIONS

Clinical manifestations of celiac disease vary
greatly according to age group. Infants and young
children generally present with diarrhea, abdom-
inal distention, and failure to thrive. However,
vomiting, irritability, anorexia, and even constipa-
tion are also common. Older children and adoles-
cents often present with extraintestinal manifesta-
tions, such as short stature, neurologic symptoms,
or anemia.>*

Among adults, two to three times as many
women have the disease as men, for unknown
reasons. In general, the prevalence of autoimmune
diseases is higher in women than in men, and
iron deficiency and osteoporosis, each of which
prompts an assessment for celiac disease, are

more often diagnosed in women. The predomi-
nance of the disease in women diminishes some-
what after the age of 65 years.3? The classic pre-
sentation in adults is diarrhea, which may be
accompanied by abdominal pain or discomfort.
However, diarrhea has been the main presenting
symptom in less than 50% of cases in the past
decade.?® Other, silent presentations in adults in-
clude iron-deficiency anemia, osteoporosis, and
incidental recognition at endoscopy performed
for other reasons, such as symptoms of gastro-
esophageal reflux.3* Less common presentations
include abdominal pain, constipation, weight
loss, neurologic symptoms, dermatitis herpeti-
formis, hypoproteinemia, hypocalcemia, and ele-
vated liver enzyme levels.3> Substantial proportions
of patients have received a previous diagnosis of
the irritable bowel syndrome3?:3° and are over-
weight.3” Patients often have symptoms for a
long time and undergo multiple hospitalizations
and surgical procedures before celiac disease is
diagnosed.32:3%:39

Some cases are diagnosed because of increased
surveillance for celiac disease among people who
have a family history of the disease?* and among
those with Down syndrome, Turner’s syndrome,**4:
or type 1 diabetes, all of which are associated
with celiac disease.*? Persons with celiac disease
have an increased risk of autoimmune disorders
as compared with the general population.*>-4>

A case-finding study performed in multiple
primary care practices in North America reported
a 43-fold increase in the rate of diagnosis of ce-
liac disease over the 2 years of the study.#® The
indications for screening in those who received
the diagnosis included bloating, the irritable bowel
syndrome, thyroid disease, chronic unexplained
diarrhea, chronic fatigue, and constipation. The
case-finding study shows that many patients with
celiac disease are seeking health care for a great
variety of common symptoms and that the more
frequent use of screening is uncovering more
cases of the disease.

DIAGNOSIS

The diagnosis of celiac disease requires both a duo-
denal biopsy that shows the characteristic find-
ings of intraepithelial lymphocytosis, crypt hyper-
plasia, and villous atrophy and a positive response
to a gluten-free diet. The diagnostic criteria devel-
oped by the European Society for Pediatric Gastro-
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enterology and Nutrition require only clinical im-
provement with the diet,*” although histologic
improvement on a gluten-free diet is frequently
sought and is recommended in adults because vil-
lous atrophy may persist despite a clinical response
to the diet. In most patients, the diagnosis is eas-
ily established. However, roughly 10% of cases are
difficult to diagnose because of a lack of concor-
dance among serologic, clinical, and histologic
findings.

SEROLOGIC TESTING

Typical indications for serologic testing include
unexplained bloating or abdominal distress; chron-
ic diarrhea, with or without malabsorption or the
irritable bowel syndrome; abnormalities on labo-
ratory tests that might be caused by malabsorp-
tion (e.g., folate deficiency and iron-deficiency
anemia); first-degree relatives with celiac disease;
and autoimmune diseases and other conditions
known to be associated with celiac disease (for
more information on indications for serologic test-
ing, see the table in the Supplementary Appendix,
available with the full text of this article at www.
nejm.org).

The most sensitive antibody tests for the diag-
nosis of celiac disease are of the IgA class. The
available tests include those for antigliadin anti-
bodies, connective-tissue antibodies (antireticulin
and antiendomysial antibodies), and antibodies
directed against tissue transglutaminase, the en-
zyme responsible for the deamidation of gliadin
in the lamina propria. The antigliadin antibodies
are no longer considered sensitive enough or spe-
cific enough to be used for the detection of ce-
liac disease, except in children younger than 18
months of age,*® although new-generation anti-
bodies to deamidated gliadin peptides appear to
be promising.#® Antireticulin antibodies are also
rarely measured, having been surpassed in use by
endomysial and anti-tissue transglutaminase anti-
bodies.

The diagnostic standard in celiac serologies re-
mains the endomysial IgA antibodies; they are
highly specific markers for celiac disease, ap-
proaching 100% accuracy. The recognition that
the enzyme tissue transglutaminase is the auto-
antigen for the development of endomysial anti-
bodies®° allowed development of automated
enzyme-linked immunoassays that are less expen-

sive than the endomysial antibody test. Overall,
the sensitivity of the tests for both endomysial
antibodies and anti-tissue transglutaminase anti-
bodies is greater than 90%,*® and a test for ei-
ther marker is considered the best means of
screening for celiac disease.*® The titers of endo-
mysial antibodies and anti-tissue transglutamin-
ase antibodies correlate with the degree of mu-
cosal damage’->2; as a result, the sensitivity of
these antibody tests declines when a greater
number of patients with lesser degrees of vil-
lous atrophy are included in studies.5*>* The
various commercially available assays for anti—
tissue transglutaminase antibodies have differ-
ent characteristics and resultant sensitivities and
specificities.5>

Selective IgA deficiency is more common in
patients with celiac disease than in the general
population — 1 case in 40 as compared with 1 in
400. Consequently, patients with celiac disease
and selective IgA deficiency lack IgA endomysial
antibodies and IgA antitissue antibodies against
tissue transglutaminase. It is recommended that
the test for anti-tissue transglutaminase anti-
bodies be used as a single screening test for ce-
liac disease.*®:5¢ If the levels of this marker are
within the normal range (or if it is absent) and
there is a high suspicion of celiac disease, selec-
tive IgA deficiency needs to be ruled by measur-
ing total IgA levels. In such cases, a test for IgG
antibodies against tissue transglutaminase should
be performed.>”

These antibody tests fare less well in the clini-
cal-practice setting than in the research setting.>®>°
A recently developed rapid test for anti-tissue
transglutaminase antibodies that uses a sample
of fingertip blood may be a convenient point-of-
care test for the purpose of both case finding
and dietary monitoring.®°

THE ROLE OF HLA-DQ2
AND HLA-DQ8 ASSESSMENT

The HLA-DQ2 allele is identified in 90 to 95% of
patients with celiac disease, and HLA-DQ8 is iden-
tified in most of the remaining patients.* Be-
cause these alleles occur in 30 to 40% of the gen-
eral population (with HLA-DQ2 more common than
HLA-DQ8), the absence of these alleles is impor-
tant for its high negative predictive value.®? Thus,
the presence or absence of HLA-DQ2 and HLA-DQ8

N ENGLJ MED 357;177 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org by R FRIED MD on October 30, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



MEDICAL PROGRESS

is important for determining which family mem-
bers should be screened with serologic testing and
is useful for ruling out the disease in patients
already on a gluten-free diet or for patients in
whom the diagnosis is unclear.

BIOPSY AND HISTOLOGIC
ASSESSMENT

Biopsy of the small intestine remains the stan-
dard for diagnosing celiac disease, and it should
always be performed when clinical suspicion is
high, irrespective of the results of serologic test-
ing. Biopsy confirmation is crucial, given the life-
long nature of the disease and the attendant need
for an expensive and socially inconvenient diet.
Although no studies have examined the number
of biopsies required for diagnosis, we believe
that at least four to six endoscopic-biopsy speci-
mens should be obtained from the duodenum,
given the patchy nature of the disease and the
difficulty of orienting the small pieces of tissue
taken during biopsy for assessment of villous
morphology.®3:°4

Who should undergo endoscopic biopsy? In
addition to patients whose serologic tests are
positive, any patient who has chronic diarrhea,
iron deficiency, or weight loss should undergo
duodenal biopsy, irrespective of whether serolog-
ic testing for celiac disease has been performed.
The recognition of endoscopic signs of villous
atrophy, such as scalloping of mucosal folds,
absent or reduced duodenal folds, or a mosaic
pattern of the mucosa, should prompt biopsy.°
However, because these abnormalities are not
sensitive markers of the presence of celiac dis-
ease,¢ biopsy should be performed even if they
are absent.

The spectrum of pathologic changes in celiac
disease ranges from near-normal villous architec-
ture with a prominent intraepithelial lymphocy-
tosis to total villous atrophy.®” Pitfalls in the
pathological diagnosis include overinterpretation
of villous atrophy in poorly oriented biopsy speci-
mens and inadequate biopsy sampling in patients
with patchy villous atrophy.®>°* The histologic
findings in celiac disease are characteristic but
not specific®®; their presence permits a presump-
tive diagnosis of celiac disease and initiation of
a gluten-free diet. Indeed, celiac disease is not the
only cause of villous atrophy (Table 1). The diag-
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Table 1. Causes of Villous Atrophy Other Than Celiac Disease.

Giardiasis

Collagenous sprue

Common-variable immunodeficiency
Autoimmune enteropathy

Radiation enteritis

Whipple's disease

Tuberculosis

Tropical sprue

Eosinophilic gastroenteritis

Human immunodeficiency virus enteropathy
Intestinal lymphoma

Zollinger-Ellison syndrome

Crohn’s disease

Intolerance of foods other than gluten (e.g., milk, soy, chicken, tuna)

Table 2. Fundamentals of the Gluten-free Diet.

Grains that should be avoided
Wheat (includes spelt, kamut, semolina, triticale), rye, barley (including malt)

Safe grains (gluten-free)

Rice, amaranth, buckwheat, corn, millet, quinoa, sorghum, teff (an Ethiopian
cereal grain), oats

Sources of gluten-free starches that can be used as flour alternatives

Cereal grains: amaranth, buckwheat, corn (polenta), millet, quinoa, sorghum,
teff, rice (white, brown, wild, basmati, jasmine), montina (Indian rice grass)

Tubers: arrowroot, jicama, taro, potato, tapioca (cassava, manioc, yucca)

Legumes: chickpeas, lentils, kidney beans, navy beans, pea beans, peanuts,
soybeans

Nuts: almonds, walnuts, chestnuts, hazelnuts, cashews
Seeds: sunflower, flax, pumpkin

nosis is confirmed when there is a favorable re-
sponse to the diet.

TREATMENT

Nutritional therapy, the only accepted treatment
for celiac disease, involves the lifelong elimination
of wheat, rye, and barley from the diet. Clinical
studies suggest that oats are tolerated by most
patients with celiac disease and may improve the
nutritional content of the diet and overall quality
of life.®® However, oats are not uniformly recom-
mended, because most commercially available
oats are contaminated with gluten-containing
grains during the growing, transportation, and
milling processes.”°
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Although wheat, rye, and barley should be
avoided, there are other grains that can serve as
substitutes as well as other sources of starch that
can provide flours for cooking and baking (Ta-
ble 2). Because the substitute flours are not forti-
fied with B vitamins, vitamin deficiencies may
occur; they have been detected in patients who are
on the diet for a long time (more than 10 years).”*
Therefore, vitamin supplementation is advised.
Meats, dairy products, and fruits and vegetables
are naturally gluten-free and help to make for a
more nutritious and varied diet.

After the diagnosis of celiac disease has been
established, the patient should be assessed for
deficiencies of vitamins and minerals, including
folic acid, B, ,, fat-soluble vitamins, iron, and cal-
cium, and any such deficiencies should be treated.
All patients with celiac disease should undergo
screening for osteoporosis, which has a high
prevalence in this population.”’>73 The health care
team should include a skilled dietitian who mon-
itors the patient’s nutritional status and dietary
adherence on a regular basis. In children, ongo-
ing evaluation includes monitoring of growth and
development.

The elimination of gluten usually induces
clinical improvement within days or weeks, though
histologic recovery takes months or even years,
especially in adults, in whom mucosal recovery
may be incomplete.” In rare cases, children toler-
ate the reintroduction of a normal diet after a
long-term clinical and histologic response.”

Patient-support organizations are a valuable
source of information about the disease and the
diet. Most countries have national support groups
that are easily accessed on the Internet. The cost
of the gluten-free products varies by country, but
the diet is usually expensive, making dietary treat-
ment problematic for patients with limited finan-
cial resources. Gluten-free products are particu-
larly expensive and hard to find in developing
countries, whereas in other countries (including
the Netherlands, the United Kingdom, New Zea-
land, Italy, Sweden, and Finland), the government
subsidizes these products.

There is considerable interest in the develop-
ment of nondietary therapies that might either
replace or supplement the rigorous gluten-free
diet. Currently, the most attractive alternative in-
volves the use of recombinant enzymes that di-
gest the toxic gliadin fractions in the stomach or
the upper small intestine.”?” Therapies that in-

terfere with the immune response — by blocking
the binding of deaminated gliadin to HLA-DQ2
or HLA-DQ8, for example, or by blocking the ac-
tion of tissue transglutaminase — are unlikely to
be without side effects.

ASSESSMENT OF CASES WITH
A POOR RESPONSE TO THERAPY

A gluten-free diet fails to induce clinical or histo-
logic improvement in 7 to 30% of patients,”® and
such lack of response should trigger a systematic
evaluation (Fig. 2). The first step is to reassess the
initial diagnosis, since villous atrophy with asso-
ciated crypt hyperplasia is not exclusive to celiac
disease (Table 1). Rare causes should at least be
considered in people who do not have the expected
response to the diet. In patients with a question-
able diagnosis, HLA-DQ2 or HLA-DQ8 typing may
be useful, since the negative predictive value of
this test is almost 100%.°2

The second step is to address the likelihood
of dietary nonadherence, the most common cause
of unresponsive celiac disease. An experienced
dietitian is required to assess the degree of ad-
herence and possible reasons for nonadherence
(Table 3). The highest rates of adherence are re-
ported among patients with a diagnosis in child-
hood and those with severe symptoms at presen-
tation. In France and Belgium, less than half of
adults with celiac disease who were studied ad-
hered strictly to the diet for more than a year after
diagnosis.”® In a study in the United Kingdom,
the rate of adherence was low for both teenagers
and adults,®° and in a study in Italy, adolescents in
whom the diagnosis was established on the basis
of mass serologic screening had poor adherence.3!
In another study, many people in whom the dis-
ease was diagnosed in childhood became non-
adherent to a strict gluten-free diet as adults.®?
The persistence of endomysial antibodies or anti—
tissue transglutaminase antibodies in patients on
a gluten-free diet for a year or more is suggestive
of poor dietary adherence.” Other causes of per-
sistent symptoms in patients on a strict gluten-
free diet are listed in Table 3.

COMPLICATIONS OF CELIAC DISEASE

Although the majority of patients who have re-
current or new symptoms when on a supposedly
gluten-free diet are in fact ingesting gluten, either
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Poorly responsive celiac disease

Exclusion of other causes
of villous atrophy

Assessment of adherence
to gluten-free diet

Good adherence

Evaluation

Exclusion of bacterial overgrowth
and pancreatic insufficiency

Upper gastrointestinal endoscopy
or colonoscopy and biopsy

Intraepithelial-lymphocyte pheno-
type on duodenal biopsy

Enteroscopy (push or push—pull)

Abdominal radiology (small bowel
studies and CT scan)

Video-capsule endoscopy

Poor adherence

Dietary counseling

Referral to support group

Regular follow-up by experienced
dietitian

Adenocarcinoma Enteropathy-associated

Refractory celiac
T-cell lymphoma disease

Normal
intraepithelial-lymphocyte
phenotype (type 1)

Abnormal clonal
intraepithelial-lymphocyte
phenotype (type 2)

Figure 2. An Assessment Plan for a Patient with Poorly Responsive Celiac Disease.

intentionally or unintentionally, a substantial pro-
portion may have a serious complication of celiac
disease: intestinal adenocarcinoma, enteropathy-
associated T-cell lymphoma, or refractory sprue.®>8+

ADENOCARCINOMA OF THE SMALL INTESTINE

Patients with celiac disease have an overall risk
of cancer that is almost twice that in the general
population. New population-based studies dem-
onstrate that the risk is not as great as once con-
sidered.®> Reported cancers include both T-cell
and B-cell non-Hodgkin’s lymphoma that may be

either intestinal or extraintestinal; oropharyngeal
and esophageal adenocarcinoma; and cancers of
the small and large intestine, hepatobiliary sys-
tem, and pancreas.®®37 The risk of breast cancer,
however, appears to be reduced.?>8°

In patients with celiac disease, the risk of ad-
enocarcinoma of the small intestine, generally a
rare cancer, is increased manyfold as compared
with the risk in the general population®s; still,
the overall risk is very low given the rarity of this
cancer. These carcinomas are most often located
in the jejunum and are more likely to develop as an
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Table 3. Problems of Dietary Adherence and Poor Response in Celiac Disease.

Reasons for poor adherence to a gluten-free diet

High cost

Poor availability of gluten-free products (in developing countries)
Poor palatability

Absence of symptoms when dietary restrictions not observed
Inadequate information on gluten content of food or drugs
Inadequate dietary counseling

Inadequate initial information supplied by diagnosing physician

Inadequate medical or nutritional follow-up

Lack of participation in a support group

Inaccurate information from physicians, dietitians, support groups, or Internet

Dining out of the home

Social, cultural, or peer pressures

Transition to adolescence

Inadequate medical follow-up after childhood

Causes of poorly responsive celiac disease

Incorrect diagnosis

Gluten ingestion (intentional or unintentional)

Microscopical colitis

Lactose intolerance

Pancreatic insufficiency

Bacterial overgrowth

Intolerance of foods other than gluten (e.g., fructose, milk, soy)

Inflammatory bowel disease

Irritable bowel syndrome

Anal incontinence

Collagenous sprue

Autoimmune enteropathy

Refractory celiac disease (with or without clonal T cells)

Enteropathy-associated T-cell lymphoma
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adenoma—carcinoma sequence than as dysplasia
in flat mucosa.®® Intuitively, video-capsule endos-
copy, which allows for visualization of the entire
small intestinal mucosal surface, would seem to
be ideal in screening for cancers, but as yet no
data support this approach. At present, video-
capsule endoscopy plays a role in the evaluation
of celiac disease that is complicated by the devel-
opment of abdominal pain or occult bleeding.>

ENTEROPATHY-ASSOCIATED T-CELL LYMPHOMA
Enteropathy-associated T-cell lymphoma occurs
in adults, with the incidence peaking in the sixth
decade of life, and is usually at an advanced stage
at diagnosis. Symptoms may include malaise, an-
orexia, weight loss, diarrhea, abdominal pain, and
unexplained fever. The development of lympho-
ma is usually indicated by clinical relapse of symp-

toms of celiac disease after a period of good
response to gluten withdrawal. Enteropathy-asso-
ciated T-cell lymphoma usually develops in the
jejunum but may also be found in the ileum or in
extraintestinal sites (e.g., liver, brain, chest, and
bone) and is often multifocal. The prognosis is
poor; less than 20% of patients survive for 30
months.®* The phenotype of enteropathy-asso-
ciated T-cell lymphoma is consistent with a tu-
mor that derives from a clonal proliferation of in-
traepithelial lymphocytes. Immunohistochemical
phenotyping indicates that this lesion is most
commonly CD3+4, CD4-, CD8-, CD30+, and
CD103+.92 The treatment of this tumor is chemo-
therapy based, although there is a role for sur-
gery in the treatment of localized or complicated
tumors.®® Successful autologous stem-cell trans-
plantation has been reported.®*

REFRACTORY CELIAC DISEASE
Approximately 5% of patients may have refractory
celiac disease, defined as persistent symptoms
and villous atrophy despite scrupulous adherence
to a gluten-free diet.>> The symptoms that usually
develop in these patients include diarrhea, weight
loss, recurrence of malabsorption, abdominal pain,
bleeding, and anemia, and ulcerative jejunitis often
arises as well. This syndrome is also known as
refractory sprue. The term was originally coined
because it was unclear whether patients with diar-
rhea and villous atrophy whose condition did not
improve with a gluten-free diet actually had celiac
disease.?

Refractory celiac disease may be classified as
type 1, in which there is a normal intraepithelial
lymphocyte phenotype, or type 2, in which there
is a clonal expansion of an aberrant intraepithe-
lial lymphocyte population. The identification of
an aberrant clonal population is primarily prog-
nostic, since it is associated with a high risk of
ulcerative jejunitis and frank enteropathy-associ-
ated T-cell lymphoma; the risk is so high that this
condition has been described as a cryptic T-cell
lymphoma.®3.2©97 The intraepithelial lymphocyte
expansion may be driven by overexpression of
interleukin-15 by the epithelium.?** Specific im-
munophenotypic changes in the intraepithelial
lymphocytes are seen in type 2 refractory celiac
disease. Intraepithelial lymphocytes in active ce-
liac disease exhibit surface expression of CD3,
CD8, T-cell receptor (TCR) o8, and TCRyd, where-
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Figure 3. Phenotyping Intraepithelial Lymphocytes in Active versus Refractory Celiac Disease.

In active celiac disease (Panel A, hematoxylin and eosin), most intraepithelial lymphocytes express CD3 and CD8
(CD3+,CD8+) receptors, whereas in refractory celiac disease (Panel B, hematoxylin and eosin), most of these lym-
phocytes express CD3 but not CD8 (CD3+,CD8-). In insets, brown color denotes positive immunostaining. Images
provided by Dr. Diane Damotte, Department of Pathology, European Georges Pompidou Hospital.
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as intraepithelial lymphocytes in type 2 (clonal)
refractory sprue continue to express CD3 in the
cytoplasm but lack surface expression of CDS,
CD3, TCRaB, and TCRy8.922098:99 Immunohis-
tochemical studies demonstrating the presence
of these cell-surface markers can be performed
on formalin-fixed biopsy specimens in most clin-
ical pathology laboratories. They allow for differ-
entiation of type 2 refractory celiac disease, in
which an abnormal phenotype of the intraepi-
thelial lymphocytes (CD3+,CD8-), from type 1, in
which there is a normal phenotype (CD3+,CD8+).
Patients who are not adherent to the diet will also
express this normal phenotype (Fig. 3).1°°

The development of new symptoms (e.g., weight
loss, abdominal pain, or fever) or the recurrence
of diarrhea in patients who are on a strict gluten-
free diet often requires extensive investigation,
including the use of contrast radiology or com-
puted tomographic (CT) enteroclysis (in which
CT imaging is performed after infusion of a large
volume of contrast material — often 2 liters —
into the small intestine), video-capsule endoscopy,
positron-emission tomographic scanning, extend-
ed upper endoscopy (so-called push or push—pull
enteroscopy), and laparoscopy.®®1°

Treatment of refractory celiac disease involves
nutritional support and repletion of vitamins and
minerals, together with a strict gluten-free diet.
In most cases, corticosteroids induce clinical im-
provement.®3 Immunosuppressive drugs may be
beneficial°21°3 but should be used with caution,
since they may promote the progression to lym-
phoma.t04

The successful use of infliximab,'°> an anti-
CD52 monoclonal antibody, and cladribine (2-clo-
rodeoxyadenosine) has been reported, although
the persistence of clonally expanded, aberrant

intraepithelial lymphocytes and progression to an
overt lymphoma have been reported in some treat-
ed patients, indicating that these drugs do not
cure the disease.°%197 Autologous hematopoietic
stem-cell transplantation has been successful.1®

New therapeutic strategies, such as blocking
interleukin-15, should be aggressively investigat-
ed, since the prognosis for patients with clonal
refractory disease is poor, with a 5-year survival
rate of less than 50%.%3

SUMMARY

Celiac disease occurs in nearly 1% of the popula-
tion in many countries. The diagnosis, which is
straightforward in most cases, is usually estab-
lished on the basis of serologic testing, duodenal
biopsy, and observation of the response to a gluten-
free diet. A poor response to the diet is common
and requires extensive evaluation to rule out in-
testinal lymphoma and refractory sprue, compli-
cations that arise as the result of clonal expansion
of intraepithelial lymphocytes.

Increasing awareness of the epidemiology and
diverse manifestations of the disease, as well as
the availability of sensitive and specific serologic
tests, especially among primary care physicians,
will lead to more widespread screening and diag-
nosis, which in turn will lead to greater availabil-
ity of gluten-free foods and efforts to develop
drug therapies that relieve patients of the burden
of a gluten-free diet. In addition, earlier diagno-
sis may lead to a reduction in the complications
of the disease.

Dr. Green reports receiving a consulting fee from Alvine
Pharmaceuticals and lecture fees from Prometheus Laboratories.
No other potential conflict of interest relevant to this article was
reported.

REFERENCES

1. Collins JR, Isselbacher KJ. Treatment al. Gluten induces an intestinal cytokine 9. MentionJJ, Ben Ahmed M, Bégue B, et

of adult celiac disease (nontropical sprue).
N EnglJ Med 1964;271:1153-6.

2. Trier]JS, Falchuk ZM, Carey MC, Schrei-
ber DS. Celiac sprue and refractory sprue.
Gastroenterology 1978;75:307-16.

3. Green PH, Jabri B. Coeliac disease.
Lancet 2003;362:383-91.

4. Shan L, Molberg O, Parrot I, et al.
Structural basis for gluten intolerance in
celiac sprue. Science 2002;297:2275-9.

5. Sollid LM. Coeliac disease: dissecting
a complex inflammatory disorder. Nat Rev
Immunol 2002;2:647-55.

6. Nilsen EM, Jahnsen FL, Lundin KE, et

response strongly dominated by interferon
gamma in patients with celiac disease.
Gastroenterology 1998;115:551-63.

7. Molberg O, McAdam SN, Koérner R, et
al. Tissue transglutaminase selectively
modifies gliadin peptides that are recog-
nized by gut-derived T cells in celiac dis-
ease. Nat Med 1998;4:713-7. [Erratum, Nat
Med 1998;4:974.]

8. Mohamed BM, Feighery C, Kelly J, et
al. Increased protein expression of matrix
metalloproteinases -1, -3, and -9 and
TIMP-1 in patients with gluten-sensitive
enteropathy. Dig Dis Sci 2006;51:1862-8.

al. Interleukin 15: a key to disrupted intra-
epithelial lymphocyte homeostasis and
lymphomagenesis in celiac disease. Gas-
troenterology 2003;125:730-45.

10. Meresse B, Chen Z, Ciszewski C, et al.
Coordinated induction by IL15 of a TCR-
independent NKG2D signaling pathway
converts CTL into lymphokine-activated
killer cells in celiac disease. Immunity
2004;21:357-66.

11. Hiie S, Mention JJ, Monteiro RC, et al.
A direct role for NKG2D/MICA interaction
in villous atrophy during celiac disease.
Immunity 2004;21:367-77.

N ENGLJ MED 357;177 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org by R FRIED MD on October 30, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



12. Bevan S, Popat S, Braegger CD, et al.
Contribution of the MHC region to the
familial risk of coeliac disease. ] Med
Genet 1999;36:687-90.

13. Sollid LM, Lie BA. Celiac disease ge-
netics: current concepts and practical
applications. Clin Gastroenterol Hepatol
2005;3:843-51.

14. Greco L, Romino R, Coto I, et al. The
first large population based twin study of
coeliac disease. Gut 2002;50:624-8.

15. Persson LA, Ivarsson A, Hernell O.
Breast-feeding protects against celiac dis-
ease in childhood — epidemiological evi-
dence. Adv Exp Med Biol 2002;503:115-23.
16. Ivarsson A, Hernell O, Stenlund H,
Persson LA. Breast-feeding protects against
celiac disease. Am J Clin Nutr 2002;75:
914-21.

17. Carlsson A, Agardh D, Borulf' S, Grod-
zinsky E, Axelsson I, Ivarsson SA. Preva-
lence of celiac disease: before and after a
national change in feeding recommen-
dations. Scand J Gastroenterol 2006;41:
553-8.

18. Norris JM, Barriga K, Hoffenberg EJ,
et al. Risk of celiac disease autoimmunity
and timing of gluten introduction in the
diet of infants at increased risk of disease.
JAMA 2005;293:2343-51.

19. Stene LC, Honeyman MC, Hoffenberg
EJ, et al. Rotavirus infection frequency and
risk of celiac disease autoimmunity in
early childhood: a longitudinal study. Am
J Gastroenterol 2006;101:2333-40.

20. Ivarsson A. The Swedish epidemic of
coeliac disease explored using an epide-
miological approach — some lessons to
be learnt. Best Pract Res Clin Gastroen-
terol 2005;19:425-40.

21. West J, Logan RF, Hill PG, et al. Sero-
prevalence, correlates, and characteristics
of undetected coeliac disease in England.
Gut 2003;52:960-5.

22. Miki M, Mustalahti K, Kokkonen J, et
al. Prevalence of celiac disease among chil-
dren in Finland. N Engl J Med 2003;348:
2517-24.

23. Tatar G, Elsurer R, Simsek H, et al.
Screening of tissue transglutaminase anti-
body in healthy blood donors for celiac
disease screening in the Turkish popula-
tion. Dig Dis Sci 2004;49:1479-84.

24. Fasano A, Berti I, Gerarduzzi T, et al.
Prevalence of celiac disease in at-risk and
not-at-risk groups in the United States:
a large multicenter study. Arch Intern Med
2003;163:286-92.

25. Bingley PJ, Williams AJ, Norcross AJ,
et al. Undiagnosed coeliac disease at age
seven: population based prospective birth
cohort study. BMJ 2004;328:322-3.

26. ShahbazkhaniB, Malekzadeh R, Sotou-
deh M, et al. High prevalence of coeliac
disease in apparently healthy Iranian blood
donors. Eur J Gastroenterol Hepatol 2003;
15:475-8.

27. Sood A, Midha V, Sood N, Malhotra V.
Adult celiac disease in northern India. In-
dian J Gastroenterol 2003;22:124-6.

MEDICAL PROGRESS

28. GomezJC, Selvaggio GS, Viola M, et al.
Prevalence of celiac disease in Argentina:
screening of an adult population in the La
Plata area. Am ] Gastroenterol 2001;96:
2700-4.

29. Catassi C, Ritsch IM, Gandolfi L, et al.
Why is coeliac disease endemic in the peo-
ple of the Sahara? Lancet 1999;354:647-8.
30. Murray JA, Van Dyke C, Plevak MF,
Dierkhising RA, Zinsmeister AR, Melton
LJ III. Trends in the identification and
clinical features of celiac disease in a
North American community, 1950-2001.
Clin Gastroenterol Hepatol 2003;1:19-27.
31. D’Amico MA, Holmes J, Stavropoulos
SN, et al. Presentation of pediatric celiac
disease in the United States: prominent ef-
fect of breastfeeding. Clin Pediatr (Phila)
2005;44:249-58.

32. Green PHR, Stavropoulos SN, Panagi
SG, et al. Characteristics of adult celiac
disease in the USA: results of a national
survey. Am J Gastroenterol 2001;96:126-
31.

33. Rampertab SD, Pooran N, Brar D,
Singh P, Green PH. Trends in the presen-
tation of celiac disease. Am J Med 2006;
119(4):355.€9-355.e14.

34. Green PH, Shane E, Rotterdam H,
Forde KA, Grossbard L. Significance of un-
suspected celiac disease detected at endos-
copy. Gastrointest Endosc 2000;51:60-5.
35. Green PH. The many faces of celiac
disease: clinical presentation of celiac dis-
ease in the adult population. Gastroenter-
ology 2005;128:Suppl 1:574-S78.

36. Sanders DS, Carter MJ, Hurlstone DP,
et al. Association of adult coeliac disease
with irritable bowel syndrome: a case-
control study in patients fulfilling ROME
1I criteria referred to secondary care. Lan-
cet 2001;358:1504-8.

37. Dickey W, Kearney N. Overweight in
celiac disease: prevalence, clinical charac-
teristics, and effect of a gluten-free diet.
Am J Gastroenterol 2006;101:2356-9.

38. Dickey W, McConnell JB. How many
hospital visits does it take before celiac
sprue is diagnosed? J Clin Gastroenterol
1996;23:21-3.

39. Ciacci C, Cavallaro R, Romano R, et al.
Increased risk of surgery in undiagnosed
celiac disease. Dig Dis Sci 2001;46:2206-
8.

40. Shamaly H, Hartman C, Pollack S, et
al. Tissue transglutaminase antibodies are
a useful serological marker for the diag-
nosis of celiac disease in patients with
Down syndrome. ] Pediatr Gastroenterol
Nutr 2007;44:583-6.

41. Bettendorf M, Doerr HG, Hauffa BP,
et al. Prevalence of autoantibodies associ-
ated with thyroid and celiac disease in
Ullrich-Turner syndrome in relation to
adult height after growth hormone treat-
ment. J Pediatr Endocrinol Metab 2006;
19:149-54.

42. Goh C, Banerjee K. Prevalence of co-
eliac disease in children and adolescents
with type 1 diabetes mellitus in a clinic

based population. Postgrad Med J 2007;
83:132-6.

43. Ventura A, Magazzu G, Greco L. Dura-
tion of exposure to gluten and risk for
autoimmune disorders in patients with
celiac disease. Gastroenterology 1999;117:
297-303.

44. Bai D, Brar P, Holleran S, Ramakrish-
nan R, Green PH. Effect of gender on the
manifestations of celiac disease: evidence
for greater malabsorption in men. Scand
J Gastroenterol 2005;40:183-7.

45. Viljamaa M, Kaukinen K, Huhtala H,
Kyronpalo S, Rasmussen M, Collin P. Co-
eliac disease, autoimmune diseases and
gluten exposure. Scand J Gastroenterol
2005;40:437-43.

46. Catassi C, Kryszak D, Louis-Jacques O,
etal. Detection of celiac disease in primary
care: a multicenter case-finding study in
North America. Am J Gastroenterol 2007;
102:1454-60.

47. Revised criteria for diagnosis of coe-
liac disease: report of Working Group of
European Society of Paediatric Gastroen-
terology and Nutrition. Arch Dis Child
1990;65:909-11.

48. Rostom A, Dubé C, Cranney A, et al.
The diagnostic accuracy of serologic tests
for celiac disease: a systematic review. Gas-
troenterology 2005;128:Suppl 1:538-S46.
49. Sugai E, Vdzquez H, Nachman F, et al.
Accuracy of testing for antibodies to syn-
thetic gliadin-related peptides in celiac dis-
ease. Clin Gastroenterol Hepatol 2006;4:
1112-7.

50. Dieterich W, Ehnis T, Bauer M, et al.
Identification of tissue transglutaminase
as the autoantigen of celiac disease. Nat
Med 1997;3:797-801.

51. Sategna-Guidetti C, Pulitano R, Gros-
so S, Ferfoglia G. Serum IgA antiendomy-
sium antibody titers as a marker of intes-
tinal involvement and diet compliance in
adult celiac sprue. J Clin Gastroenterol
1993;17:123-7.

52. Tursi A, Brandimarte G, Giorgetti GM.
Prevalence of antitissue transglutaminase
antibodies in different degrees of intesti-
nal damage in celiac disease. J Clin Gastro-
enterol 2003;36:219-21.

53. Dickey W, Hughes D. Disappointing
sensitivity of endoscopic markers for vil-
lous atrophy in a high-risk population:
implications for celiac disease diagnosis
during routine endoscopy. Am J Gastro-
enterol 2001;96:2126-8.

54. Abrams JA, Diamond B, Rotterdam H,
Green PHR. Seronegative celiac disease:
increased prevalence with lesser degrees of
villous atrophy. Dig Dis Sci 2004;49:546-
50.

55. Wong RC, Wilson RJ, Steele RH, Rad-
ford-Smith G, Adelstein S. A comparison
of 13 guinea pig and human anti-tissue
transglutaminase antibody ELISA Kkits.
J Clin Pathol 2002;55:488-94.

56. Rostom A, Murray JA, Kagnoff MF.
American Gastroenterological Associa-
tion (AGA) Institute technical review on

N ENGLJ MED 357;17 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org by R FRIED MD on October 30, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

1741



1742

The NEW ENGLAND JOURNAL of MEDICINE

the diagnosis and management of celiac
disease.Gastroenterology2006;131:1981-
2002.

57. Lenhardt A, Plebani A, Marchetti F, et
al. Role of human-tissue transglutaminase
IgG and anti-gliadin IgG antibodies in the
diagnosis of coeliac disease in patients
with selective immunoglobulin A deficien-
cy. Dig Liver Dis 2004;36:730-4.

58. Dickey W, Hughes DF, McMillan SA.
Reliance on serum endomysial antibody
testing underestimates the true prevalence
of coeliac disease by one fifth. Scand J
Gastroenterol 2000;35:181-3.

59. Abrams JA, Brar P, Diamond B, Rotter-
dam H, Green PH. Utility in clinical prac-
tice of immunoglobulin A anti-tissue
transglutaminase antibody for the diag-
nosis of celiac disease. Clin Gastroenterol
Hepatol 2006;4:726-30.

60. Raivio T, Kaukinen K, Nemes E, et al.
Self transglutaminase-based rapid coeliac
disease antibody detection by a lateral
flow method. Aliment Pharmacol Ther
20006;24:147-54.

61. Johnson TC, Diamond B, Memeo L, et
al. Relationship of HLA-DQ8 and severity
of celiac disease: comparison of New York
and Parisian cohorts. Clin Gastroenterol
Hepatol 2004;2:888-94.

62. Kaukinen K, Partanen J, Miki M, Col-
lin P. HLA-DQ typing in the diagnosis of
celiac disease. Am ] Gastroenterol 2002;
97:695-9.

63. Bonamico M, Mariani P, Thanasi E, et
al. Patchy villous atrophy of the duode-
num in childhood celiac disease. J Pediatr
Gastroenterol Nutr 2004;38:204-7.

64. Ravelli A, Bolognini S, Gambarotti M,
Villanacci V. Variability of histologic le-
sions in relation to biopsy site in gluten-
sensitive enteropathy. Am J Gastroenterol
2005;100:177-85.

65. Lee SK, Green PH. Endoscopy in celiac
disease. Curr Opin Gastroenterol 2005;21:
589-94.

66. Oxentenko AS, Grisolano SW, Murray
JA, Burgart LJ, Dierkhising RA, Alexander
JA. The insensitivity of endoscopic mark-
ers in celiac disease. Am J Gastroenterol
2002;97:933-8.

67. Marsh MN. Gluten, major histocom-
patibility complex, and the small intes-
tine: a molecular and immunobiologic
approach to the spectrum of gluten sensi-
tivity (‘celiac sprue’). Gastroenterology
1992;102:330-54.

68. Memeo L, Jhang]J, Hibshoosh H, Green
PH, Rotterdam H, Bhagat G. Duodenal
intraepithelial lymphocytosis with normal
villous architecture: common occurrence
in H. pylori gastritis. Mod Pathol 2005;18:
1134-44.

69. Perdaho M, Kaukinen K, Mustalahti
K, et al. Effect of an oats-containing glu-
ten-free diet on symptoms and quality of
life in coeliac disease: a randomized
study. Scand J Gastroenterol 2004;39:27-
31.

70. Thompson T. Oats and the gluten-free
diet. ] Am Diet Assoc 2003;103:376-9.

71. Hallert C, Grant C, Grehn S, et al.
Evidence of poor vitamin status in coeliac
patients on a gluten-free diet for 10 years.
Aliment Pharmacol Ther 2002;16:1333-9.
72. Meyer D, Stavropolous S, Diamond B,
Shane E, Green PH. Osteoporosis in a
North American adult population with
celiac disease. Am ] Gastroenterol 2001;
96:112-9.

73. Cellier C, Flobert C, Cormier C, Roux C,
Schmitz J. Severe osteopenia in symptom-
free adults with a childhood diagnosis of
coeliac disease. Lancet 2000;355:806.
74. Lee SK, Lo W, Memeo L, Rotterdam H,
Green PH. Duodenal histology in patients
with celiac disease after treatment with a
gluten-free diet. Gastrointest Endosc 2003;
57:187-91.

75. Matysiak-Butnik T, Malamut G, Patey-
Mariaud de Serre N, et al. Long-term fol-
low-up of 61 celiac patients diagnosed in
childhood: evolution toward latency is pos-
sible on a normal diet. Gut 2007;56:1379-
86.

76. Siegel M, Bethune MT, Gass J, et al.
Rational design of combination enzyme
therapy for celiac sprue. Chem Biol 2006;
13:649-58.

77. Stepniak D, Spaenij-Dekking L, Mitea
C, et al. Highly efficient gluten degrada-
tion with a newly identified prolyl endo-
protease: implications for celiac disease.
Am J Physiol Gastrointest Liver Physiol
2006;291:G621-G629.

78. O’Mahony S, Howdle PD, Losowsky
MS. Management of patients with non-
responsive coeliac disease. Aliment Phar-
macol Ther 1996;10:671-80.

79. Vahedi K, Mascart F, Mary JY, et al.
Reliability of antitransglutaminase anti-
bodies as predictors of gluten-free diet
compliance in adult celiac disease. Am J
Gastroenterol 2003;98:1079-87.

80. Kumar PJ, Walker-Smith J, Milla P,
Harris G, Colyer J, Halliday R. The teen-
age coeliac: follow up study of 102 patients.
Arch Dis Child 1988;63:916-20.

81. Fabiani E, Taccari LM, Ritsch IM, Di
Giuseppe S, Coppa GV, Catassi C. Compli-
ance with gluten-free diet in adolescents
with screening-detected celiac disease:
a 5-year follow-up study. J Pediatr 2000;
136:841-3.

82. Bardella MT, Molteni N, Prampolini L,
et al. Need for follow up in coeliac dis-
ease. Arch Dis Child 1994;70:211-3.

83. Cellier C, Delabesse E, Helmer C, et al.
Refractory sprue, coeliac disease, and
enteropathy-associated T-cell lymphoma.
Lancet 2000;356:203-8.

84. Rampertab SD, Forde KA, Green PH.
Small bowel neoplasia in coeliac disease.
Gut 2003;52:1211-4.

85. West J, Logan RF, Smith CJ, Hubbard
RB, Card TR. Malignancy and mortality
in people with coeliac disease: population
based cohort study. BMJ 2004;329:716-9.

86. Askling J, Linet M, Gridley G, Hal-
stensen TS, Ekstrom K, Ekbom A. Cancer
incidence in a population-based cohort of
individuals hospitalized with celiac dis-
ease or dermatitis herpetiformis. Gastro-
enterology 2002;123:1428-35.

87. Smedby KE, Akerman M, Hildebrand
H, Glimelius B, Ekbom A, Askling J. Ma-
lignant lymphomas in coeliac disease: evi-
dence of increased risks for lymphoma
types other than enteropathy-type T cell
lymphoma. Gut 2005;54:54-9.

88. Green PH, Fleischauer AT, Bhagat G,
Goyal R, Jabri B, Neugut AL Risk of ma-
lignancy in patients with celiac disease.
Am J Med 2003;115:191-5.

89. Green PH, Rampertab SD. Small bowel
carcinoma and coeliac disease. Gut 2004;
53:774.

90. Culliford A, DalyJ, Diamond B, Rubin
M, Green PH. The value of wireless cap-
sule endoscopy in patients with compli-
cated celiac disease. Gastrointest Endosc
2005;62:55-61.

91. Howdle PD, Jalal PK, Holmes GK,
Houlston RS. Primary small-bowel malig-
nancy in the UK and its association with
coeliac disease. QJM 2003;96:345-53.

92. Bagdi E, Diss TC, Munson P, Isaacson
PG. Mucosal intra-epithelial lymphocytes
in enteropathy-associated T-cell lympho-
ma, ulcerative jejunitis, and refractory
celiac disease constitute a neoplastic pop-
ulation. Blood 1999;94:260-4.

93. Gale J, Simmonds PD, Mead GM,
Sweetenham JW, Wright DH. Enteropa-
thy-type intestinal T-cell lymphoma: clin-
ical features and treatment of 31 patients
in a single center. J Clin Oncol 2000;18:
795-803.

94. Rongey C, MicallefT, Smyrk T, Murray J.
Successful treatment of enteropathy-asso-
ciated T cell lymphoma with autologous
stem cell transplant. Dig Dis Sci 2006;51:
1082-6.

95. Trier JS. Celiac sprue. N Engl J] Med
1991;325:1709-19.

96. Cellier C, Patey N, Mauvieux L, et al.
Abnormal intestinal intraepithelial lym-
phocytes in refractory sprue. Gastroenter-
ology 1998;114:471-81.

97. Verkarre V, Asnafi V, Lecomte T, et al.
Refractory coeliac sprue is a diffuse gastro-
intestinal disease. Gut 2003;52:205-11.
98. Carbonnel F, Grollet-Bioul L, Brouet
JC, et al. Are complicated forms of celiac
disease cryptic T-cell lymphomas? Blood
1998;92:3879-86.

99. Daum S, Weiss D, Hummel M, et al.
Frequency of clonal intraepithelial T lym-
phocyte proliferations in enteropathy-type
intestinal T cell lymphoma, coeliac dis-
ease, and refractory sprue. Gut 2001;49:
804-12.

100. Patey-Mariaud De Serre N, Cellier C,
Jabri B, et al. Distinction between coeliac
disease and refractory sprue: a simple im-
munohistochemical method. Histopatho-
logy 2000;37:70-7.

N ENGL J MED 357;17 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org by R FRIED MD on October 30, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.



101. Cellier C, Cuillerier E, Patey-Mariaud
de Serre N, et al. Push enteroscopy in ce-
liac sprue and refractory sprue. Gastroin-
test Endosc 1999;50:613-7.

102. Maurifio E, Niveloni S, Cherfiavsky A,
et al. Azathioprine in refractory sprue:
results from a prospective, open-label
study. Am J Gastroenterol 2002;97:2595-
602.

103. Wahab PJ, Crusius JB, Meijer JW, Uil
JJ, Mulder CJ. Cyclosporin in the treat-
ment of adults with refractory coeliac dis-
ease — an open pilot study. Aliment Phar-
macol Ther 2000;14:767-74.

MEDICAL PROGRESS

104. Goerres MS, Meijer JW, Wahab PJ, et
al. Azathioprine and prednisone combi-
nation therapy in refractory coeliac dis-
ease. Aliment Pharmacol Ther 2003;18:
487-94.

105. Gillett HR, Arnott ID, McIntyre M,
et al. Successful infliximab treatment for
steroid-refractory celiac disease: a case
report. Gastroenterology 2002;122:800-
5.

106. Vivas S, Ruiz de Morales JM, Ramos
F, Suarez-Vilela D. Alemtuzumab for re-
fractory celiac disease in a patient at risk
for enteropathy-associated T-cell lympho-

ma. N Engl ] Med 2006;354:2514-5. [Erra-
tum, N Engl J] Med 2006;355:856.]

107. Al-Toma A, Goerres MS, Meijer JW,
et al. Cladribine therapy in refractory ce-
liac disease with aberrant T cells. Clin
Gastroenterol Hepatol 2006;4:1322-7.
108. Al-toma A, Visser OJ, van Roessel
HM, et al. Autologous hematopoietic stem
cell transplantation in refractory celiac
disease with aberrant T cells. Blood 2007;
109:2243-9.

Copyright © 2007 Massachusetts Medical Society.

N ENGLJ MED 357;177 WWW.NEJM.ORG OCTOBER 25, 2007

Downloaded from www.nejm.org by R FRIED MD on October 30, 2007 .
Copyright © 2007 Massachusetts Medical Society. All rights reserved.

1743



