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ABSTRACT
Objective Although several pharmacological agents
have emerged as potential adjunctive therapies to a
gluten-free diet for coeliac disease, there is currently no
widely accepted measure of disease activity used in
clinical trials. We conducted a systematic review of
coeliac disease activity indices to evaluate their operating
properties and potential as outcome measures in
registration trials.
Design MEDLINE, EMBASE and the Cochrane central
library were searched from 1966 to 2015 for eligible
studies in adult and/or paediatric patients with coeliac
disease that included coeliac disease activity markers in
their outcome measures. The operating characteristics of
histological indices, patient-reported outcomes (PROs)
and endoscopic indices were evaluated for content and
construct validity, reliability, responsiveness and
feasibility using guidelines proposed by the US Food and
Drug Administration (FDA).
Results Of 19 123 citations, 286 studies were eligible,
including 24 randomised-controlled trials. Three of ﬁve
PROs identiﬁed met most key evaluative criteria but only
the Celiac Disease Symptom Diary (CDSD) and the
Celiac Disease Patient-Reported Outcome (CeD PRO)
have been approved by the FDA. All histological and
endoscopic scores identiﬁed lacked content validity.
Quantitative morphometric histological analysis had
better reliability and responsiveness compared with
qualitative scales. Endoscopic indices were infrequently
used, and only one index demonstrated responsiveness
to effective therapy.
Conclusions Current best evidence suggests that the
CDSD and the CeD PRO are appropriate for use in the
deﬁnition of primary end points in coeliac disease
registration trials. Morphometric histology should be
included as a key secondary or co-primary end point.
Further work is needed to optimise end point
conﬁguration to inform efﬁcient drug development.

INTRODUCTION
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Coeliac disease is a gluten-sensitive enteropathy
that occurs in genetically predisposed individuals
leading to small intestinal villous atrophy. The estimated prevalence is about 1% in most Western
populations.1 2 Aside from the classic symptoms of
diarrhoea, weight loss, constipation, bloating and
fatigue, nearly half of all patients with coeliac
disease present with extraintestinal manifestations,

Signiﬁcance of this study
What is already known on this subject?

▸ The treatment of coeliac disease is entering a
new era with the development of several new
pharmacological agents, including
immunomodulators, biologics, vaccines and
speciﬁc proteolytic enzymes.
▸ Coeliac disease activity and response to therapy
can be measured through any combination of
symptoms and/or histology; endoscopy has also
been proposed.
▸ Several scoring indices have been developed to
measure these outcomes, but their operating
properties have not been systematically
evaluated.

What are the new ﬁndings?

▸ All scoring indices for measurement of coeliac
disease activity were identiﬁed and their
operating properties (validity, reliability,
responsiveness, feasibility) assessed.
▸ No histological, serological or endoscopic
indices met all of the assessed evaluative
criteria, and overall performance was poorest
for the categorical histological indices.
▸ Two patient-reported outcome measures, the
Celiac Disease Symptom Diary and the Celiac
Disease Patient-Reported Outcome, and
morphometric histology emerged as the most
appropriate outcome measures for coeliac
disease trials.

How might it impact on clinical practice in
the foreseeable future?

▸ To facilitate the development of new therapies,
it is essential that clinical trial end points are
efﬁcient, reliable and responsive to change.
▸ This systematic review helps to determine the
optimal indices for developing and selecting
end points in coeliac disease trials.

some of which are a direct consequence of malabsorption. Untreated coeliac disease carries an
increased risk of intestinal and extraintestinal
malignancy, particularly lymphoma, although
recent evidence from large population-based
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cohorts suggests that the previously reported risk of malignancy
is likely overestimated.3 4
The only effective treatment for this lifelong disorder, at
present, is a gluten-free diet (GFD) that is highly burdensome
and requires long-term patient motivation, compliance and
follow-up. Some patients experience persistent symptoms due to
inadvertent or deliberate gluten ingestion, a comorbid GI condition or refractory coeliac disease. Furthermore, a large proportion of adult patients fail to achieve complete histological
healing of their small bowel mucosa despite adherence to a
GFD.5 The treatment of coeliac disease, however, is entering a
new era, with the development of several new pharmacological
agents, including immunomodulators, biologics, vaccines and
intraluminal therapies such as gluten-speciﬁc proteases and
endopeptidases, some of which have completed the
proof-of-concept stage of clinical development.6–8 These therapies should address the needs of patients with non-responsive
coeliac disease with continuing symptoms and incomplete
mucosal healing despite a GFD, but might also decrease the
therapeutic burden of a GFD in vulnerable patient groups, such
as those with concomitant diabetes mellitus or neurodevelopmental/behavioural conditions.9–11
These novel opportunities for drug development also pose
substantial challenges for selection of appropriate end points to
measure disease activity and response to treatment in clinical
trials in order to support labelling claims. These challenges were
recently summarised at the US Food and Drug Administration
(FDA) Gastroenterology Regulatory Endpoints and the
Advancement of Therapeutics 3 (GREAT 3) meeting.11 Coeliac
disease activity and response to therapy can be measured
through any combination of symptoms and/or histology, and
endoscopic indices have also been proposed. Although several
scoring indices have been developed to measure these outcomes,
the operating properties of many of these indices have not been
systematically evaluated.
The aim of this systematic review was to identify all currently
available scoring indices used for the measurement of coeliac
disease activity, assess their operating properties and explore
their potential utility as outcome measures in clinical trials and
drug development programmes.

METHODS
Search strategy
We searched MEDLINE (Ovid), EMBASE (Ovid) and
CENTRAL (The Cochrane library) databases for records from
1966 to 2015, without language restriction. Search strategies are
reported in the online supplementary material. Abstracts from
conference proceedings (Digestive Disease Week and United
European Gastroenterology Week; 2002–2015) and bibliographies of relevant studies, review articles and meta-analyses were
hand-searched to identify additional studies.

Study selection
Randomised controlled trials (RCTs), cohort, case–control and
cross-sectional studies were eligible provided they included
patients with conﬁrmed coeliac disease (histologically for adults,
and according to the European Society for Paediatric
Gastroenterology Hepatology and Nutrition criteria for children12), and had employed coeliac disease activity markers in
their study outcomes. Two pairs of reviewers (PH+TH and SD
+CMT) independently screened abstracts for eligibility. Reasons
for ineligibility were recorded. Full-text publications of all
potentially eligible articles were retrieved by the same pairs of
reviewers to ensure that the inclusion criteria were met.
2

Disagreements were resolved by consensus or in discussion with
a third person (CP).

Data extraction
All data were extracted into a standard Microsoft Excel spreadsheet and included study details (abstract only or full manuscript, design, sample size), characteristics of the study
population (children, adults or both), the type of the end point
assessed ( patient-reported outcome (PRO), histological or endoscopic index, serological tests, gut permeability assay, genetic
tests) and the timing of assessment.
For each evaluative instrument identiﬁed, we assessed the following parameters:13
1. Validity: The ability of the instrument to (a) measure what it
intends within the target population (‘content validity’); (b)
distinguish among groups known to be different, for
example, patients and healthy controls (‘discriminant construct validity’); and (c) correlate with established markers of
disease activity (ie, show ‘convergent construct validity’).
2. Reliability: The inter-item consistency within an instrument
and the intraobserver and interobserver agreement.
3. Responsiveness: The ability of an instrument to adequately
change in response to a treatment of known efﬁcacy.
4. Feasibility: The ease of administration and time required for
scoring.
All parameters were rated as described in the methodological
literature14 as either + (positive), ? (indeterminate), − (negative)
or 0 (no information available) using a priori deﬁned criteria
(table 1), based on the FDA guidance document for industry
PRO measures.15

RESULTS
Search results and description of included studies
The search yielded a total of 19 123 citations, of which 7075
were identiﬁed as duplicates and removed (ﬁgure 1). Of the
remaining 12 048 records screened, 347 full-text articles were
selected and reviewed for eligibility. A total of 286 studies were
considered eligible and included for data extraction. The study
types included 50 cross-sectional studies, 66 case-controlled
studies, 135 cohort studies and 35 clinical trials (see online
supplementary material for the complete reference list). The
clinical trials included 24 RCTs, of which 10 were published as
an abstract and 14 were published as a full paper A description
of the 14 RCTs is outlined in online supplementary table S1.
Remarkably, none of the published RCTs clearly deﬁned a
meaningful response and seven did not specify a primary
outcome.

Histological coeliac disease activity indices
Histology is the gold standard for diagnosis of coeliac disease
in adults and may also help to differentiate coeliac
disease-related symptoms from those unrelated to the disease.
Six histological indices were identiﬁed (table 2), all based on
two parameters: intraepithelial lymphocyte (IEL) inﬁltration
and morphological damage, which includes villous atrophy and
crypt hyperplasia.16–21
The original Marsh classiﬁcation16 describes four subtypes:
type 1 (inﬁltrative lesion), type 2 (hyperplastic lesion), type 3
(destructive lesion) and type 4 (atrophic-hypoplastic lesion). The
modiﬁed Marsh-Rostami classiﬁcation,18 similar to the modiﬁed
Marsh-Oberhüber classiﬁcation,17 subcategorises the Marsh type
3 lesion into partial, subtotal and total villous atrophy (3a, 3b
and 3c, respectively). The Marsh type 3 lesion subdivision was
subsequently somewhat simpliﬁed again in the Ensari20 and
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Table 1 Criteria to evaluate the operating characteristics of coeliac disease activity instruments

Content validity

Construct
validity

Reliability

Responsiveness

Feasibility

+

−

?

0

PROs: component items based on focus groups, patient
interviews or qualitative cognitive interviews
Other evaluative instruments: component items based
on expert consensus
Correlation with established coeliac disease activity
markers
Able to distinguish among groups that are known to be
different
Acceptable intraobserver and interobserver agreement
(intraclass correlation coefficient ≥0.8 and interclass
correlation coefficient ≥0.5)
Adequate and measurable change in response to a
gluten challenge or a treatment of known efficacy

PROs: component items not based on focus groups,
patient interviews or qualitative cognitive interviews
Other evaluative instruments: component items not based
on expert consensus
No correlation with established coeliac disease activity
markers
Unable to distinguish among groups that are known to
be different
Unacceptable intraobserver and interobserver agreement
(intraclass correlation coefficient <0.8 and interclass
correlation coefficient <0.5)
Inadequate or no change in response to a gluten
challenge or a treatment of known efficacy

Limited or conflicting
data preclude firm
conclusions

No data
available

Limited or conflicting
data preclude firm
conclusions

No data
available

No data
available

No technical expertise required
Favourable cost/benefit ratio
High patient acceptability (for PROs, >90% of patients
respond to all questions)

Technical expertise required
Unfavourable cost/benefit ratio
Low patient acceptability (for PROs, <90% of patients
respond to all questions)

Limited or conflicting
data preclude firm
conclusions
Limited or conflicting
data preclude firm
conclusions
Limited or conflicting
data preclude firm
conclusions

No data
available
No data
available

+, positive; ?, indeterminate; −, negative; 0, no information available; PRO, patient-reported outcome.

Corazza/Villanacci19 classiﬁcations, both of which eliminated
the somewhat subjective distinction between partial (3a) and
subtotal (3b) villous atrophy. The morphometric scoring index
described by Taavela et al21 is based on quantitative measurements of the villus height-to-crypt depth ratio and the IEL
density. It is important to mention that all histological indices
identiﬁed were derived by a small group of experts, based on
face validity. Reliability has only been investigated for four of
the six and, with the exception of the morphometric quantitative index, histological responsiveness to gluten challenge or
treatment occurs slowly and is not robust (ﬁgure 2).
There are logistical challenges to the routine use of histology
in clinical trials, including the need for endoscopy, sampling
error, patchy distribution of disease and the need for centralised
interpretation by experts. Additionally, morphometric analyses
are time consuming and highly dependent on optimal orientation of the specimen. Beyond these practical issues, and for

reasons that are not completely understood, rates of histological
healing following GFD, generally deﬁned as a complete normalisation of the intestinal villous architecture, vary according to
age and may not occur in a signiﬁcant proportion of adult
patients.5 22 23 There are also conﬂicting data on the correlation
between histology and clinically meaningful disease activity measures, such as patient symptoms. Some of this discordance may
be related to the differing timeframes for resolution of symptoms (days) and detection of histological change (months)
(ﬁgure 2).24

Symptom-based coeliac disease activity indices
Many coeliac disease studies used generic symptoms and
symptom-based scales or exploratory coeliac disease-speciﬁc
subsets of these scales to measure clinical coeliac disease activity.
Table 3 shows a list of the individual symptoms and the percentage of studies that reported them in their outcome measures.

Figure 1 Flow diagram for search strategy to identify relevant studies.
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Table 2 Operating properties of histological coeliac disease activity indices
Classification/grade/items
Histological
Marsh classification16

Modified Marsh-Oberhuber
classification17

Modified Marsh-Rostami
classification18
Corazza/Villanacci classification19

Ensari classification20

Morphometry21

Type 1: increased IEL count
Type 2: increased IEL count+crypt hyperplasia
Type 3: villus effacement and crypt hyperplasia
Type 4: total villous atrophy+crypt hypoplasia
Type 1: increased IEL count
Type 2: increased IEL count+crypt hyperplasia
Type 3: partial (a), subtotal (b) or total (c) villous atrophy
Type 4: destructive lesion
Type 1: increased IEL count
Type 2: increased IEL count+crypt hyperplasia
Type 3: partial (a), subtotal (b) or total (c) villous atrophy
Grade A: increased IEL count
Grade B1: increased IEL count+villous–crypt ratio <3:1
Grade B2: total villous atrophy
Type 1: increased IEL count
Type 2: increased IEL count+crypt hyperplasia+shortened villi
Type 3: total villous atrophy
Quantitative analysis of IEL count and villous height to crypt
depth ratio

Content
validity

Construct
validity

Reliability

Responsiveness

Feasibility

−

?

−

?

+

−

?

−

?

+

−

0

0

0

+

−

?

+

0

+

−

?

0

0

+

−

+

+

+

?

+, positive; ?, indeterminate; −, negative; 0, no information available; IEL, intraepithelial lymphocytes.

The most frequently reported symptoms (in >50% of the
identiﬁed studies) were diarrhoea/loose stools, abdominal pain/
cramps and bloating. The most commonly used generic
symptom scale was the Gastrointestinal Symptom Rating Scale
(GSRS), which was originally developed to rate symptoms in
patients with IBS and peptic ulcer disease, and includes ﬁve subdomains: diarrhoea, abdominal pain, indigestion, constipation
and reﬂux.25 In the ﬁrst RCT with larazotide acetate in coeliac
disease, published in 2012, Lefﬂer et al26 reported on a modiﬁed score, the coeliac disease (CeD)-GSRS, that excluded the
constipation and reﬂux subdomains. While not speciﬁcally
developed as a PRO measure ( psychometric instruments consisting of items exclusively reported by patients to quantify symptoms) for coeliac disease, the GSRS has construct validity for
this disease due to its correlation with established disease activity markers such as morphometric histopathology scores and
serum antibody levels.27 In addition, the GSRS and CeD-GSRS
are rapidly responsive to gluten challenge and therapeutic intervention (ﬁgure 2).26 28
We also identiﬁed ﬁve coeliac disease-speciﬁc PROs
(table 4).28–32 Two of these (the Celiac Disease Symptom Diary
(CDSD) and the Celiac Disease Patient-Reported Outcome
(CeD PRO))28 29 have been developed according to the Study
Endpoints and Labeling Development (SEALD) guidelines from
the FDA and have been cleared and licensed for use.15
Importantly, these PROs were developed using adult patients

and their applicability to children has not been systematically
addressed.

Endoscopic coeliac disease activity indices
Several non-speciﬁc endoscopic features have been identiﬁed in
coeliac disease.33 These features include a mosaic, or micronodular appearance of the mucosa, the presence of ﬁssures or
grooves between duodenal folds and scalloping, and loss or
reduction of these folds. We identiﬁed four cohort studies that
employed empirically derived endoscopic coeliac disease activity
scoring systems (table 5).34–37
Tursi et al35 reported the responsiveness of the score used in
their study to a GFD and showed that endoscopic improvement
was more rapid (within 6 months) than that of categorical histological indices (within 1 year) (ﬁgure 2). The use of endoscopy
in coeliac disease clinical trials is limited by the fact that it only
detects macroscopic intestinal damage (villous changes) corresponding to more advanced stages of the disease. Advanced
technological breakthroughs in endoscopic imaging and interpretation will be required before endoscopy can be a useful
assessment tool in coeliac disease.38

Serological coeliac disease activity markers
Several coeliac serology tests, including anti-deamidated gliadin
peptide, anti-tissue transglutaminase and anti-endomysial antibodies, have been approved by the FDA as aides in the diagnosis

Figure 2 Expected timing for
detection of coeliac disease activity
improvement with various indices upon
initiation of an effective treatment. IEL,
intraepithelial lymphocyte.
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Table 3 Symptoms identified in generic coeliac disease scales
(N=289)
<10% of studies
Flatulence
Diarrhoea/loose stools
Constipation
Abdominal pain/cramps
Nausea
Bloating
Fatigue
Irritability
Steatorrhea
Oedema
Headache
Itchy skin
Reflux
Borborygmi
Weight loss

10–50% of
studies

>50% of
studies

X
X
X
X

treatment in coeliac disease clinical trials.42 43 It is therefore
unlikely to be used as an evaluative instrument for future coeliac
disease clinical trials unless the assays are optimised.
Cytokine release assays (to assess the presence of glutenreactive T cells), a serum or plasma marker of intestinal epithelial damage (intestinal fatty acid-binding protein), faecal calprotectin and a variety of mucosal genetic biomarkers have been
described as potential coeliac disease activity markers, but more
data are needed to support their use as outcome measures.44–47

X
X
X
X
X
X
X
X
X
X
X

of coeliac disease and are correlated with histological status.39–41
While they are directly involved in disease pathogenesis and
reﬂect disease activity, their prognostic signiﬁcance is unknown
and they have not been FDA-approved for use as a monitoring
tool for coeliac disease activity due to lack of supportive data for
this purpose. Antibody titres, therefore, cannot be primary
outcome measures in clinical trials but could be used to select or
stratify patients with coeliac disease at study inclusion, the latter
to better deﬁne subpopulations that are more likely to beneﬁt
from treatment. They could also potentially be used to monitor
for adherence to a GFD in clinical trials as rising levels are
nearly diagnostic of increased gluten exposure. For the latter, it
is important to note that antibody titres respond more slowly to
gluten challenge or a GFD than symptoms or histological morphometrics (ﬁgure 2).42

Other markers of coeliac disease activity
A signiﬁcant proportion of the studies we identiﬁed used a
change in intestinal permeability, measured by the urinary lactulose/mannitol fractional excretion ratio, as an outcome measure.
While an increase in intestinal permeability is a feature of active
coeliac disease, it lacks speciﬁcity, suffers from high interindividual variability and has shown poor responsiveness to

DISCUSSION
Coeliac disease affects millions of people worldwide.2
Adherence to a GFD is challenging and adds social as well as
ﬁnancial burdens to patients. Despite best efforts, inadvertent
gluten contamination occurs frequently and some patients will
experience symptoms in response to products classiﬁed as
gluten-free according to the FDA standards (<20 ppm).48 49
Almost two-thirds of patients with coeliac disease feel that there
is a need for alternative therapies, often driven by persistent
symptoms or a desire to increase their gluten intake.10 Several
pharmacological therapies are emerging and are in various
stages of clinical development in response to this medical need.7
Although the FDA and European Medicines Agency have
increased their collaboration over the years, it is important to
note that the two agencies may hold different views on the designation of coeliac disease therapies (eg, drugs vs medical
devices), as well as on the criteria for approval of these therapies.50 To facilitate the development of new therapies, it is essential that clinical trial end points are efﬁcient, reliable and
responsive to change.
In this systematic review, we conducted an extensive search
and screened >19 000 records to identify all coeliac disease
activity indices reported to date and to assess their operating
characteristics, with the ultimate goal of proposing a framework
for the selection of outcome measures in coeliac disease clinical
trials (ﬁgure 3). A key ﬁnding in this study was that only coeliac
disease-speciﬁc PROs met all of our stringent evaluative criteria.15 A recently published systematic review reported four
appropriate PROs for use in coeliac disease trials.51 It should be
noted, however, that only two of these, the CDSD and the
CeD-PRO, are coeliac disease-speciﬁc PROs that were developed
according to the FDA SEALD criteria and can thus be used for
labelling purposes. No histological, serological or endoscopic
indices met all of the assessed evaluative criteria and overall performance was worst for the categorical histological indices.

Table 4 Operating properties of coeliac disease patient-reported outcome indices
Classification/grade/items
Celiac Disease Symptom Diary (CDSD,
Alvine Pharmaceuticals)29*
Coeliac Disease Quality of Life survey30
Celiac Disease Questionnaire31
Celiac Symptom Index32
Celiac Disease Patient-Reported Outcome
(CeD PRO, Alba Therapeutics)28*

Diarrhoea, constipation, abdominal pain, bloating,
gas, nausea, skin rash, fatigue, headache and
difficulty thinking clearly
Coeliac disease-related limitations, dysphoria, health
concerns and inadequate treatment
Emotional problems, social problems, disease-related
worries and GI symptoms
Coeliac disease-related symptoms and general health
Abdominal symptoms, headache and tiredness

Content
validity

Construct
validity

Reliability

Responsiveness

Feasibility

+

+†

+

+

0

+

+†

?

0

+

+

+†

+

?

+

+
+

+†
+†

+
+

+
+

0
0

*Operating characteristics based on the approved US Food and Drug Administration application for use of PROs in clinical trials to support marketing claims.
†Some patients may be clinically asymptomatic but exhibit histological activity.
+, positive; ?, indeterminate; 0, no information available.
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Table 5 Operating properties of endoscopic coeliac disease activity indices
Classification/grade/items
Lee et al, 2003

34

Tursi et al, 200635

Cammarota et al, 200736

Maiden et al, 200937

1. Normal (at least threefold per endoscopic field)
2. Reduced duodenal folds (<3 folds per endoscopic field)
3. Absent duodenal folds, scalloping of folds, fissures, mosaic or
nodular appearance of the mucosa
1. Normal
2. Mild alterations (micronodular bulb, granular mucosa in the second
part of the duodenum)
3. Moderate alterations (scalloping of duodenal folds, reduction of
duodenal folds)
4. Severe alterations (‘mosaic’ pattern of the mucosa in the second
part of the duodenum and loss of duodenal folds)
1. Villi definitely present
2. Villi partially present
3. Villi definitely absent using water immersion technique
1. Normal
2. Mild–moderate changes on video capsule endoscopy
3. Moderate–severe changes on video capsule endoscopy
Items: micronodular mucosa, mosaicism, scalloping of folds, reduction
in number of folds

Content
validity

Construct
validity

Reliability

Responsiveness

Feasibility

−

+

0

0

+

−

+

0

+

+

−

+

0

0

?

−

+

+

0

−

+, positive; ?, indeterminate; −, negative; 0, no information available.

In line with FDA recommendations for a paradigm shift from
mainly disease-oriented care towards a patient-centred care for
chronic medical disorders such as coeliac disease, it is likely that
PROs will become primary outcome measures in coeliac disease
registration trials.7 15 A PRO is any report of the status of a
patient’s health condition that comes directly from the patient,
without interpretation of the patient’s response.15 The obvious
advantage of PROs is that they are the most relevant end points
from the patient’s perspective. However, there are inherent limitations to using a PRO alone as a clinical trial end point for
coeliac disease. First, coeliac disease can result in a multitude of
mostly non-speciﬁc individual symptoms (table 3) that may ﬂuctuate during the course of illness. Second, PRO measurements
may be subjective and may result in measurement errors, inefﬁciency and high placebo responses that can hamper assay sensitivity within clinical trials. Emerging evidence from other
therapeutic areas indicates that placebo rates are more pronounced in trials in which disease activity is measured by PROs
compared with trials where activity is assessed by physicians.52

Third, there is no consensus on a PRO change that constitutes a
clinically meaningful response. The largest coeliac disease trial
to date28 illustrates the limitations of a PRO as a solitary end
point. This trial included 342 patients with coeliac disease with
persisting symptoms despite adherence to a GFD. Patients were
randomised to receive larazotide acetate 0.5, 1 or 2 mg three
times daily, or placebo. The primary end point was a statistically
signiﬁcant difference in average on-treatment CeD-GSRS. The
primary end point was met for the lowest dose only. In addition,
the mean CeD-GSRS score in the placebo group decreased by
>25% after 16 weeks, resulting in a modest treatment effect
size of 0.3 points.28
In addition to a deﬁnition for a clinically meaningful response,
there is also a need to deﬁne acceptable values for the number
needed to treat (NNT) and number needed to harm (NNH) for
coeliac disease drugs. Most existing drugs, as well as those in
development for IBS, have an NNT between 5 and 15.53 54
We therefore believe that an NNT between 5 and 10 would be a
reasonable assumption for ﬁrst-generation coeliac disease drugs

Figure 3 Evidence-based recommended framework for the conduct and improvement of late-phase coeliac disease clinical trials. *Only the Celiac
Disease Symptom Diary and the Celiac Disease Patient-reported Outcome have been accepted by the US Food and Drug Administration. PRO,
patient-reported outcome.
6
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used as adjuncts to a GFD. The NNH for chronic conditions
such as coeliac disease should be high and not associated with
serious harm. Histology or serology might provide more objective trial end points. Histology is arguably a more meaningful
target than serology because it is the only parameter associated
prognostically with disease course; persistent villous damage is
associated with a risk of lymphoproliferative disease55 and bone
fracture.56 The lack of a clear relationship with symptoms,24
however, likely precludes the use of histology as a single primary
trial end point. This was also concluded at the FDA GREAT 3
meeting, where histology was proposed as a key secondary or
safety outcome measure.11
With regard to trial design, lessons can be extrapolated from
IBD, where it is recognised that the incorporation of objective
evidence of inﬂammation (eg, endoscopy or biochemical
markers) in both inclusion criteria and therapeutic end points is
important to reduce placebo rates and improve trial efﬁciency.57 58 In addition, mucosal healing improves long-term
prognosis with reduced need for surgery and fewer hospitalisations.59 60 Accordingly, the FDA is moving away from their recommendation of the symptom-based Crohn’s Disease Activity
Index as a primary outcome measure towards co-primary end
points comprised of improvement in PROs and endoscopic
inﬂammation.11 61 The concept of co-primary end points has
already been successfully implemented in other disease areas
such as psoriasis and rheumatoid arthritis62 63 and could also be
considered in coeliac disease trials through a combination of
PROs and histology. This proposal, however, is not without challenges. First, the timeframe for change in these measures can be
considerably different and has implications for when they
should be assessed (see ﬁgure 2). Second, empirical research
from trial data sets of treatments of known efﬁcacy would be
required to deﬁne the optimal testing conﬁguration for these
measures (as co-primary end points or within a composite score)
and the most efﬁcient index cut points. Given that these choices
have profound consequences for trial efﬁciency, this issue presents a critical challenge to coeliac disease drug development
that requires further research. Based on the current best evidence
and considerations discussed above, we propose a plan for the
conduct and improvement of late-phase coeliac disease clinical
trials to help inform this research (ﬁgure 3).
The strengths of this systematic review include its scope and
size, with identiﬁcation of all outcome measures used in coeliac
disease trials based on an explicit, prespeciﬁed and reproducible
search strategy. The fact that we have not assessed possible publication bias is a limitation. We attempted to minimise this by
also including abstracts from conference proceedings, although
this approach may have led to incomplete information on
certain coeliac disease activity indices due to the inherent
content limits of ‘abstract-only’ records.
In summary, we have identiﬁed all scoring indices for measurement of coeliac disease activity and assessed their operating
properties. Some PROs have been validated according to the
most rigorous methodological framework, and only the CDSD
and the CeD PRO have been accepted for use by the FDA.
The performance of categorical histological scales is generally
poor, but is not the case for the quantitative scale based on
morphometrics. Further work is needed to determine the
optimal choice and conﬁguration of end points for coeliac
disease trials.
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