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ABSTRACT
Central reading, that is, independent, off- site, blinded 
review or reading of imaging endpoints, has been 
identified as a crucial component in the conduct and 
analysis of inflammatory bowel disease clinical trials. 
Central reading is the final step in a workflow that has 
many parts, all of which can be improved. Furthermore, 
the best reading algorithm and the most intensive central 
reader training cannot make up for deficiencies in the 
acquisition stage (clinical trial endoscopy) or improve 
on the limitations of the underlying score (outcome 
instrument). In this review, academic and industry 
experts review scoring systems, and propose a theoretical 
framework for central reading that predicts when 
improvements in statistical power, affecting trial size and 
chances of success, can be expected: Multireader models 
can be conceptualised as statistical or non- statistical 
(social). Important organisational and operational factors, 
such as training and retraining of readers, optimal bowel 
preparation for colonoscopy, video quality, optimal 
or at least acceptable read duration times and other 
quality control matters, are addressed as well. The 
theory and practice of central reading and the conduct 
of endoscopy in clinical trials are interdisciplinary topics 
that should be of interest to many, regulators, clinical 
trial experts, gastroenterology societies and those in the 
academic community who endeavour to develop new 
scoring systems using traditional and machine learning 
approaches.

INTRODUCTION
Central reading, that is, independent, off- site, 
blinded review or reading of imaging endpoints in 
clinical trials, used in other disease areas for decades, 
came to inflammatory bowel disease (IBD) clinical 
trials only recently. It was first reported in a meeting 
abstract in 20061 and gained traction in 2013 after 
Feagan et al2 showed the importance of central 
reading in IBD clinical trials. Central reading is the 
final step in a workflow that has many parts, all of 
which can be improved more easily than scoring 
systems (outcome instruments).

Central reading has generally been successful 
by promoting objectivity, lowering variability, 
reducing the placebo response rate and increasing 
the effect size of active drug but challenges remain. 
For example, the higher effect sizes for centrally 
read studies has been questioned recently.3 Placebo 

remission rates are lower with central reading but 
there is considerable variability between studies, 
affecting point estimates for sample size calcula-
tions or the increasing screen failure rates.

Central reading can be implemented in different 
ways. We propose a framework that predicts when 
we can expect to see improvements in statistical 
power, affecting trial size and chances of success. 
Artificial intelligence methods are expected to make 
important contributions to accuracy, precision and 
reproducibility of central reading. Some of the 
connected issues, for example, how to train compu-
tational scoring systems, will be addressed in this 
paper.

The endoscopic scoring systems (outcome 
instruments) are at the centre of clinical trial 
endoscopy and they require improvements, but 
these will take years. Still, problems that arise at 
the instrument level are difficult to mitigate with 
central reading and we will put our thoughts about 
better scoring systems in context with our other 
recommendations.

In addition, seemingly mundane but important 
organisational and operational factors, such as 
training and retraining of readers, optimal bowel 
preparation for colonoscopy, video quality, optimal 
or at least acceptable read duration times, and other 
quality control subjects need to be addressed as 
well.4

ACQUISITION STAGE
Standardisation of the bowel prep and choice of 
colonoscopy versus sigmoidoscopy in ulcerative 
colitis
Clinical trial protocols leave the bowel prep, and, 
in case of ulcerative colitis (UC), also the choice 
of instrument, up to the discretion of the principal 
investigator (PI). This may be the reason subop-
timal videos due to poor bowel prep or insufficient 
washing are a significant problem in clinical trials. 
Suboptimal videos may lead to missing data, if they 
are considered unreadable, false interpretations 
by the central reader or an increased chance for 
discrepant reads if more than one reader is part of 
the read algorithm. Diligent washing of the mucosa 
by the endoscopist is also necessary when the bowel 
prep is otherwise good in order to wash of fibrin 
exudates which could otherwise either masquerade 
as ulcers or obscure them.
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The administration of the first half of the preparation 
the evening before colonoscopy and the second half in the 
morning of the procedure (so called split- dose regimen) has 
shown superior efficacy in bowel cleansing over the original 
regimen of administering the whole preparation the day before 
the procedure and as such has become part of guidelines.5 In 
practice, more than half of patients do not take the second 
half of the prep when they are scheduled for the procedure 
before 10:00 a.m. The fear of incontinence on the way to the 
endoscopy service and the refusal to wake up in the very early 
morning to complete the bowel preparation represent the 
main barriers against split dosing.6 The practical consequence 
is that they may have a suboptimal prep, but better education 
may help.7

Head- to- head studies of bowel preps have only recently 
become available. Gu et al found in a large non- commercial 
‘real- world’ prospective multicenter trial with 4339 colonosco-
pies and 75 endoscopists that MiraLAX with Gatorade, Movi-
Prep and Suprep were associated with superior tolerability 
and bowel cleansing.8 As tolerability of bowel preps should be 
optimised for clinical trial participants with active IBD, bowel 
preps should be selected accordingly. Polyethylene glycol 3350 
and some form of an electrolyte balanced sports drink may be 
ubiquitously available, and this combination may also be optimal 
because PEG based bowel prep regimens seem to have the lowest 
rate of bowel prep induced mucosal artefacts.9

A related issue is the choice of procedure in UC clinical trials, 
colonoscopy or sigmoidoscopy. Kato et al performed a retro-
spective analysis using data collected at a university hospital and 
demonstrated that up to 27% of patients with UC colonoscopy 
showed more severe lesions situated in the descending colon 
compared with the sigmoid or rectum.10 Divergent results were 
reported in a post hoc analysis of endoscopic examinations 
from the EUCALYPTUS trial of etrolizumab in UC.11 The use 
of sigmoidoscopy only to confirm mucosal healing was associ-
ated with a risk of underestimating disease activity and overesti-
mating treatment efficacy when endoscopic healing was defined 
as an an endoscopic Mayo Score (eMS) of 0 or 1, but not if it 
was defined as eMS=0.

If sigmoidoscopy is chosen, an enema prep may come along 
with it. While there are few data, enema preps may be inferior 
to colonoscopy preps. Some believe that sigmoidoscopy is more 
acceptable to patients, neglecting that it is mostly performed 
without sedation. Colonoscopy, in contrast, is a procedure 
almost universally performed with moderate to deep sedation. 
Indeed, limited data seem to show that patients find sigmoid-
oscopy more difficult.12 In addition, a sedated procedure may 
allow a more thorough examination. We believe that if not colo-
noscopy, then a colonoscopy bowel prep should be the standard 
for clinical trials.

The site endoscopist is responsible for video quality
It is universally agreed that videos submitted by site endoscopists 
are of variable quality and there are multiple different reasons 
for this. High- definition white light endoscopy was introduced 
in 1993 and is the current standard in gastrointestinal (GI) 
endoscopic practice and has replaced standard- definition video 
endoscopy and is required for participation in IBD clinical trials 
because the image quality is demonstrably better.13 However, we 
are concerned that several image vendors do not actually make 
high- definition videos available to the central readers, instead 
videos are downsampled to mediocre resolutions of 640 × 424 
pixels for reasons that are unclear.

Another factor is that the length of the videos varies consider-
ably even if colonoscopies and sigmoidoscopies are considered 
separately. It is well known that the time spent inspecting the 
colonic mucosa is correlated with the likelihood of finding or 
missing polyps, and longer withdrawal times are associated with 
a reduced incidence of interval cancer after screening colonos-
copy.14 The measurement of colonoscopy withdrawal time has 
therefore become one of the indispensable quality indicators for 
colonoscopy15 and some such metric adopted for IBD clinical 
trials could be used both for the site endoscopist and for the 
central reader in reviewing a video.

Site endoscopists, that is, investigators who personally 
perform the colonoscopy, control the quality of the video and 
the biopsies at the source by ensuring the best possible bowel 
preparation, diligent washing during the procedure and appro-
priate insufflation, attention to withdrawal time, keeping an 
adequate distance from the mucosa, the recording of relevant 
lesions, obtaining biopsies according to protocol. In the past, 
they have also supplied the endoscopic score.

It was then suggested that PIs may be too biassed to be scorers,2 
and their role has been diminished to that of a videographer 
for the central reader(s). It has been previously argued that bias 
can be diminished or abolished if site endoscopists know that 
their score will be compared with those of one or more central 
readers.16 If well trained in the scoring algorithm, site endosco-
pists could also be an integral part of the reading algorithm. The 
benefits of using site endoscopist as readers in one trial has been 
reported by Reinisch et al.17

Trained site readers could stay current by acting as central 
readers for other clinical trials. Development and standardisa-
tion of needed training programmes, perhaps delivered by elec-
tronic means and open to all who are qualified, not only on the 
scoring system but also on withdrawal technique, time, washing, 
could best be organised by the GI societies. Increasing screen 
failure rates in IBD clinical trials18 could perhaps in part be miti-
gated by more fully engaging the site endoscopist/PI.

Training of site personnel
Central reading service vendors typically take charge of the 
training of ancillary site personnel as the procedures for video 
capture and electronic transfer differ from vendor to vendor. 
Clinical research associates provided by other vendors or the 
sponsor are often a conduit for training and trouble shooting. 
Ancillary personnel could be better used, for example, by 
assisting site endoscopists in the proper recording of biopsy loca-
tions, biopsy protocol adherence, adherence to recommended 
insertion and withdrawal techniques and duration, even an 
understanding of the scoring system could improve team perfor-
mance. This training could be delivered electronically, just in 
time, or baseline with refresher just before a scheduled visit, and 
may also be sponsor or vendor agnostic. Endoscopy technicians 
could become Clinical Trial Endoscopy Specialists, akin to the 
emerging role of the Clinical Trial Imaging Specialist and super-
vise training and performance of several clinical trial sites.

HISTORICAL AND PRACTICAL CONSIDERATIONS ABOUT 
ENDOSCOPIC ACTIVITY SCORING SYSTEMS
The multitude of endoscopic scoring systems in IBD has period-
ically been reviewed.19–22 They are typically called endoscopic 
disease severity scores or indices, but it is not certain what 
exactly it is they measure (in this section).

Attempts of endoscopic scoring in UC have a longer tradi-
tion than in Crohn’s disease and as such endoscopic disease 
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assessment measures are a regular, integral part of combined 
endpoints in clinical trials on UC since the 1980s. Currently, 
both the European Medicines Agency and the US Food and Drug 
Administration (FDA) endorse the eMS23 as endoscopic assess-
ment tools for drug development in UC, although it appears that 
for the former also the Ulcerative Colitis Endoscopic Index of 
Severity (UCEIS) is acceptable. Neither of the agencies put great 
emphasis on the development of a new endoscopic assessment 
system for UC.

The eMS is similar to the Baron score24 established for the 
use of the 25 cm Lloyd- Davies rigid sigmoidoscope to record 
phenomena of increasing bowel inflammation, erythema, 
erosions and ulcers in patients with UC.25 Their assessment was 
limited by the insertion depth of the instrument, patient toler-
ance and field of view. More than 50 years later, descendants and 
modifications of this score have survived. Currently, the eMS 
is the dominant endoscopic scoring instrument in UC, likely 
owing to broad physician familiarity and ease of use. The eMS, 
proposed in 1987 for clinical trials in UC, seeks to categorise 
UC endoscopic activity using a 0–3 categorical scale of disease 
severity based on the presence and gestalt of the endoscopic 
features, erythema, vascular pattern, friability, erosion, ulcer 
and spontaneous bleeding.25 More recently, FDA has prompted 
a modification of the eMS in a way that a value of 1, which is 
the endoscopic endpoint criterion for endoscopic improvement, 
formerly mucosal healing, does no longer include friability, but 
only erythema and abnormal vascular pattern.23

The eMS has never been subjected to a proper validation 
process and, historically, the scoring system was primarily 
aimed at highlighting responsiveness to drugs, specifically, 
5- aminosalicylic acid compounds. The eMS intrinsically lacks 
the ability to precisely depict the spectrum of endoscopic 
severity. It remains to be determined whether the endoscopic 
features determining the high ranges, that is, friability, erosions, 
ulcers and spontaneous bleeding, are independent signatures 
of incremental endoscopic severity of UC or expression of the 
phenotypic heterogeneity of disease, as encountered by central 
readers receiving cases from across the globe. Furthermore, 
the discrimination of the features spontaneous bleeding and 
friability by a central reader necessitates the full recording of 
endoscopy, which is not always available. Spontaneous bleeding 
can be solely observed during the advancement phase of endos-
copy, whereas friability is assessed by the presence of patches of 
superficial blood caused by trauma from the endoscopic proce-
dure and only observed during withdrawal. In addition to the 
uncertainty of independence of the features of eMS, the lack 
of dynamic range and the challenges of separating neighbouring 
severity grades resulting in limited interobserver agreement have 
been criticised (see table 1).

Even though the eMS has not been developed as a prognostic 
tool and face validity of the endoscopic features defining the 
lower range of the score (0–1), erythema and/or abnormal 
vascular pattern only, is elusive, endoscopic improvement 
commonly defined as eMS ≤1, and complete endoscopic healing 
(ie, eMS=0) are associated with superior disease outcomes, 
including avoidance of colectomy.26 In addition, due to its 
wide use and its categorical score, easy algorithms for central 
reading, discussed below, have been established, although data 
on the impact of various reader paradigms on point estimates of 
placebo remission/response rates and effect sizes are limited.17

In an attempt to address some of the limitations of the eMS, 
the UCEIS was developed in the late 2000s and is the product of 
a validation process.27 28 The UCEIS individually grades vascular 
pattern, erosions and ulceration, and bleeding, resulting in an 

expanded range (0–8) and a more pronounced sensitivity to 
change with endoscopic remission defined as a UCEIS of 0. It 
has been shown to have more reproducibility compared with 
eMS, although inter- reader and intrareader agreement of the 
rectal bleeding component is limited. Nevertheless, the UCEIS 
is based on components subsumed by the eMS and therefore, 
is still essentially based on subjective feature classification, 
for which independent pathogenetic relevance is unclear.24 A 
strong correlation between the UCEIS and the eMS has been 
shown,29 however, the UCEIS appears to more accurately iden-
tify severe cases strengthening the UCEIS prognostic value for 
improved long- term outcome for a UCEIS ≤1.30. So far, the use 
of the UCEIS in clinical trials is limited and reader paradigms on 
defining agreement and adjudication are more complex for this 
more granular score as compared with the 4- category eMS.

A factor in most UC scoring systems is that the total extent 
of disease at baseline or on follow- up may not be known. This 
is not the case in Crohn’s disease in which endoscopic scoring 
systems stipulate a colonoscopy. For example, the eMS and 
UCEIS both score the worst endoscopic lesion without consid-
eration of the extent of the mucosa involved. In clinical trials, 
a full colonoscopy is often performed at baseline followed by 
a sigmoidoscopy at the efficacy visits. The disease may have 
receded, however, this improvement will not be captured in the 
scores if an ulcer is still be present in the rectosigmoid. Because 
most UC endoscopic scoring approaches do not account for the 
mucosal inflammatory load in UC, this might explain in part 
suboptimal correlations between endoscopic disease severity and 
levels of objective biomarkers. A worst- lesion scoring system 
could mask clinically relevant endoscopic responses. In central 
reading, there are scenarios where the mucosal surface affected 
by the most severe lesion is impressively diminished between 
visits but without triggering a change in the overall score if only 
a small area of signifying severe lesion is still left. For example, 
in a recent trial of induction therapy with etrasimod in UC the 
Spearman correlation coefficient of fecal calprotectin with the 
eMS was 0.32 for placebo, 0.29 for the 1 mg dose and 0.70 for 
the 2 mg dose31

There have been attempts to adopt segmental scoring similarly 
to Crohn’s disease. The Modified Mayo Endoscopic Score is 
calculated on the basis of the eMS in five colonic segments32 and 
the Degree of Ulcerative colitis Burden of Luminal INflammation 
score combine extent and severity of the disease according to the 
eMS.33 The development and validation of a scoring system that 
is a better proxy of the inflammatory burden in UC by docu-
menting the total extent of endoscopic abnormalities would 
require complete colonoscopy. Such a score could be expected to 
require fewer patients to show a response to an intervention, and 
in combination with histology, could be a significant advance in 
the development of UC outcome instruments.

The Crohn’s Disease Endoscopic Index of Severity (CDEIS)34 
and its simplified counterpart, the Simple Endoscopic Score for 
Crohn’s Disease (SES- CD)35 were developed and validated in 
1989 and in 2004, respectively, with the intent to offer a numeric 
transformation of a precise severity reporting. The CDEIS is based 
on four domains: deep ulcerations (weighted by a factor of 12), 
superficial ulcerations (weighted by a factor of 6, surface involved 
by disease (assessed by cm Visual Analogue Scale), and surface 
involved by ulcerations (assessed by cm Visual Analogue Scale). 
Each domain is measured in five ileocolonic segments: the rectum, 
sigmoid and left colon, transverse colon, right colon and ileum. To 
the sum score of the individual segments divided by the number 
of assessed segments, the presence of stenosis, either as a result of 
ulcer or not, is added. The possible scores are ranging from 0 to 44. 
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The SES- CD score is based on the same five ileocolonic segments, 
but accounts for the size of mucosal ulcers (0–3), the ulcerated 
surface (0–3), the affected surface (0–3) and the presence of pass-
able or non- passable stenosis (0–3). In contrast to the CDEIS, the 
SES- CD is a simple sum score for the assessed segments and possible 
scores are ranging from 0 to 56. For both scores higher numbers 
are indicative of greater degrees of mucosal disease activity. The 
clinical adoption of these measures has been slow as a result of 

the calculation requirements, but despite validated in fewer studies 
than CDEIS, SES- CD, which correlates with CDEIS, is easier to 
use and the primary endoscopic disease severity tool endorsed by 
regulatory agencies.

Inter- reader agreement of both, CDEIS and SES- CD, is excel-
lent,36 however, the lack of validated thresholds for the defi-
nitions of endoscopic remission and response remains a major 
issue. For CDEIS endoscopic remission is arbitrarily defined by a 

Table 1 Comparison of strengths and limitations of commonly used endoscopic scores

Score Endoscopic activity reporting Responsiveness to treatments Prognostic value Central reading

eMS Pros  ► Gross classification of the gestalt of 
inflammation.

 ► Present standard for Drug Agencies (FDA, 
EMA).

 ► Development focused at 
responsiveness.

 ► Extensively used over past 
20 years in trials.

 ► Limited data for a 
prognostic role in the 
literature.

 ► Algorithms for central reading.
 ► Categorical score leads to easier 

algorithms for adjudication.
 ► Widely used over past 5 years.

Cons  ► Final score defined by worst lesion.
 ► Lacks precision for global burden of 

severity and extent of lesions.
 ► Lack of face validity
 ► Endoscopic features only post hoc 

defined.
 ► Limited spectrum at lower and higher 

spectrum of activity.

 ► Lack of ability to highlight 
segmental healing.

 ► Lack of responsiveness due 
to limited range.

 ► Not developed with 
prognostic intent.

 ► Limited interobserver agreement.
 ► Inconsistencies between readers if 

insufficient washing of the mucosa.
 ► Data on impact of reader 

paradigms on eMS- based 
endpoints is missing.

UCEIS Pros  ► Extensive characterisation and validation 
of elemental endoscopic lesions focused 
at agreement.

 ► Better range than eMS.    ► Already used in some trials.

Cons  ► Lacks precision for global burden of 
severity and extent of lesions.

 ► Lack of ability to highlight 
segmental healing.

 ► Limited use in clinical trials.
 ► Development not focused at 

responsiveness.

 ► Not developed with 
prognostic intent.

 ► Agreement and adjudication more 
complex for more granular scores 
as compared with categorical 
scores.

 ► Modest agreement on some lesions 
(eg, bleeding).

Rutgeerts Pros  ► Clear- cut description of elemental lesions.    ► Development focused 
on prognosis.

 ► Prognostic value has 
been reproduced.

 ► Central reading easy to implement 
Algorithms for eMS easily 
exportable to Rutgeerts’ score.

Cons  ► Not an activity measure.
 ► Does not evaluate endoscopic activity 

outside of the anastomotic site.

 ► No responsiveness 
evaluation.

 ► Developed for end- to- 
end anastomoses, never 
validated for side- to- 
side anastomoses.

 ► Limited interobserver 
agreement.

 ► Limited interobserver agreement.
 ► No data on impact of read 

paradigm on outcome.

CDEIS Pros  ► Developed and validated in order to 
precisely report disease activity.

 ► Shown in few trials, even if 
not explicitly developed for 
responsiveness.

   ► Used in clinical trials.
 ► Excellent inter- rater reliability.

Cons  ► Complexity.
 ► Exact weight of each variable to be better 

clarified.
 ► Unvalidated thresholds for remission and 

response.
 ► The definition of remission does not 

exclude the presence of ulcers.

 ► Not developed with focus on 
responsiveness.

 ► Limited prognostic 
value of the sum score.

  
 ► Agreement and adjudication more 

complex for continuous scores as 
compared with categorical scores.

 ► Not developed for postoperative 
anatomy.

SES- CD Pros  ► Developed and validated in order to 
precisely report disease activity.

 ► Possibility to easily exclude a given 
variable.

 ► Segmental and ulcer subscores can be 
calculated.

 ► Shown in several trials, even 
if not explicitly developed 
for responsiveness.

   ► Widely used in trials.
 ► Excellent inter- rater variability.
 ► Different reader algorithms 

available (fix or sliding scale for 
adjudication, paired reading …).

Cons  ► Relative complex.
 ► Exact weight of each variable to be better 

clarified.
 ► Unvalidated thresholds for remission and 

response.

 ► Not developed with focus on 
responsiveness.

 ► Limited prognostic 
value of sum score.

 ► Agreement and adjudication more 
complex for more granular scores 
as compared with categorical 
scores.

 ► No adjustment for missing 
segments due to sum score.

 ► Not developed for postoperative 
anatomy.

CDEIS, Crohn’s Disease Endoscopic Index of Severity; EMA, European Medicines Agency; eMS, endoscopic Mayo Score; FDA, Food and Drug Administration; SES- CD, Simple 
Endoscopic Score for Crohn’s Disease; UCEIS, Ulcerative Colitis Endoscopic Index of Severity.



422 Gottlieb K, et al. Gut 2021;70:418–426. doi:10.1136/gutjnl-2020-320690

Recent advances in clinical practice

score <3, a cut- off that does not exclude the presence of ulcers 
and is, therefore not in line with the aspired treatment target of 
absence of ulcers in Crohn’s disease.37 Consequently, the Inter-
national Organisation of IBD committee review on clinical trials 
defined endoscopic remission either as lack of ulcerations or 
SES- CD ≤2, the latter also precluding ulcers.38 Similarly, endo-
scopic response is also based on arbitrarily chosen thresholds of 
a ≥50% decrease in SES- CD or CDEIS which may, however, 
correlate with corticosteroid free remission.39

CDEIS and SES- CD intrinsically lack prognostic implica-
tions, and they were not originally developed for evaluation of 
responsiveness (even if they were subsequently shown to be quite 
reliable also for analysis of pretreatment/post- treatment respon-
siveness with a slight benefit of the SES- CD over the CDEIS40); 
the SES- CD may present the additional advantage to allow for 
easy evaluation of segmental and ulceration subscores separately 
from the total score, while for CDEIS this is not possible (see 
table 1). None of the scores has been developed to adjust for 
the postoperative anatomy in Crohn’s disease and its associated 
specific lesions, for example, at the anastomotic ring as well as 
changes in segmental transition zones. The impact of read para-
digms on SES- CD defined endpoints have been studied and are 
discussed below.

The Rutgeerts score was developed with prognostic intent in 
1990 for postoperative Crohn’s disease recurrence,41 and leaving 
apart the issue of lacking a formal validation, it was not intended 
to describe endoscopic severity precisely, and intrinsically lacks 
any precision with respect to responsiveness.

While the literature is variable, it has mostly shown that many 
endoscopic scores do not correlate well with patient- related 
outcomes42 or even other ‘objective’ disease markers such as 
faecal calprotectin. Conceptually, there are many reasons for this 
lack of correlation, residing either with the dependent or inde-
pendent variable or both. Perhaps basing scores on abdominal 
pain and stool frequency is too reductionist, perhaps patients are 
remiss in recording their symptoms properly, perhaps psycho-
logical comorbidities interfere.43 Importantly, what we think 
is more or less objective and reliable, the endoscopic scores—
developed for endoscopic instruments that have long become 
obsolete—may potentially not quite measure what is relevant, as 
described above. For example, we do not know to what extent 
the currently used endoscopic scores reflect the underlying 
biology. Preliminary data show that in UC histological indices 
track gene expression changes by several orders of magnitude 
better than the UCEIS or eMS.27

Concepts of mucosal improvement and healing could perhaps 
be approached more holistically, that is by integrating histolog-
ical, endoscopic, and transcriptomics perspectives.

New endoscopy scores, and possibly, new histological scores, 
could be developed using machine learning (ML) that will help 
us surmount our cognitive limitations. Unsupervised learning 
(ie, not conditioned on human reader scores) could uncover 
endoscopic features that have either escaped our attention or are 
too difficult to evaluate, creating score that are more granular 
approaching a continuous scale. Clearly, ML as applied to colo-
noscopic disease activity scores has potential, but for supervised 
learning, the likely point of departure, a reliable reference stan-
dard for algorithm development is needed.

THE CENTRAL READ PROCESS
Baseline central reader qualifications
In April 2019,18 there were 48 384 patients and 13 762 sites 
participating in IBD clinical trials (data from ICON Clinical 

Research Organisation). In consequence there is a large demand 
for central readers and competition for qualified candidates is 
increasing.

Qualifications of physicians who treat patients with IBD and 
who perform endoscopy vary, and for imaging core labs that serve 
the regulatory needs of pharmaceutical companies, qualifications 
must go beyond some basic items.4 Currently it is required that 
central readers have an up- to- date curriculum vitae, are board 
certified in gastroenterology and document a variable number of 
years of postcertification experience in treating IBD patients. We 
are not aware that there is a requirement for a minimum number 
of colonoscopies during the most recent year in practice, as for 
example required for recredentialing at the Mayo Clinic in Roch-
ester, Minnesota,44 and elsewhere in the USA. It remains to be 
determined whether the adenoma detection rate,45 as a valuable 
proxy for the endoscopist’s effort, diligence and commitment 
to quality (compulsiveness) in performing screening colonosco-
pies,46 could also be helpful in selecting appropriate candidates 
to read clinical trial colonoscopies in IBD.

Central reading vendors enrol candidate central readers in 
proprietary reader training programmes. Typically, they include 
the assessment of training video cases according to the inde-
pendent review charter which is proposed by the vendor and 
approved by the clinical trial sponsor. Intrareader and inter- 
reader metrics are used to identify outliers for retraining. None-
theless, once a central reader is qualified, periodic retraining is 
necessary as scoring behaviour might shift over time. The selec-
tion criteria for central readers, the actual implementation of the 
central read according to a number of different approaches—to 
be discussed below—and the variability of training are all factors 
that should be further explored, and standardised, a task the GI 
societies maybe best equipped to handle.

Training and qualification of readers on the scoring system
It has been shown that interobserver agreement among experi-
enced physicians who are only instructed but not trained in the 
scoring system can be quite poor,47 but, fortunately, training can 
improve these rates significantly. Daperno et al48 used a templated 
training programme that consisted of slide and video clip presen-
tation with experienced IBD faculty as instructors. The attendees 
were all gastroenterologists or internists with a minimum post-
certification experience of 3 years and a maximum experience of 
30 years, and all were actively involved both in IBD clinics and 
in endoscopy, similar to the qualifications needed for a central 
reader pool. The inter- rater agreement increased from kappa 
0.51 (95% CI 0.48 to 0.55) to 0.76 (95% CI 0.72 to 0.79) for 
the Mayo endoscopic subscore, and from 0.45 (95% CI 0.40 to 
0.50) to 0.79 (0.74 to 0.83) for the Rutgeerts score before and 
after the training programme, respectively, and both differences 
were significant (p<0.0001).

Central reading companies have their own proprietary 
training programmes which are often briefly and in very general 
terms described in the independent review charter. These 
charters summarise the vendor’s interpretation of a published 
score, which usually leaves too much latitude for implementa-
tion, contributing to intrareader and inter- reader disagreement. 
However, impressive inter- reader and intrareader agreement 
from training programmes may not necessarily reflect bona fide 
inter- reader convergence but might instead be heavily influenced 
by the quality of videos and the magnitude of ambiguity of the 
mock cases to be assessed. A tendency to avoid the difficult has, 
for example, been reported for peer review in radiology, ‘where 
easy cases were often chosen’.49 Therefore, those metrics might 
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not necessarily reflect the performance of readers in the actual 
study situation where video quality could be suboptimal to poor 
and the interpretation of borderline cases more contentious.

Central reading and ML
The application of ML methods to image analysis, frequently 
termed computer vision, can offer opportunities to replicate 
expert endoscopic scoring standard with high reproducibility, 
accuracy and precision. Automated systems could be trained 
using libraries of digital endoscopic videos collected in the course 
of clinical trials, paired with their respective centrally reviewed 
endoscopic scores. Early efforts attempting to replicate expert 
scoring have shown promise, though interpretation of unaltered 
endoscopic video demands more training than disease severity 
alone.50 Negotiating variable bowel preparations, disambigu-
ating spontaneous versus procedure induced tissue changes (eg, 
bleeding), managing variations in the non- standardised video 
recording, digital compression, and addressing difference in 
endoscopist withdrawal patterns are all performed intuitively 
be experienced human reviewers but still present challenges for 
machines.

While there may be ongoing controversy about the best 
central read algorithm, those that use statistical data aggregation 
(see next section) seem to be best suited for ML development. 
A possible approach would consist of forming a precompetitive 
consortium where pharmaceutical manufacturers supply the 
videos to be reread according to uniform criteria by qualified 
readers organised through GI societies, who are also active in 
sponsoring reader training programmes. Additionally, compu-
tational methods for standardised central scoring could also 
provide more informative quantitative statistics on the confi-
dence in the predicted endoscopic score, thereby quantifying 
the ambiguity that still occurs even between trained reviewers. 
Finally, perfect replication of endoscopic scoring by computa-
tional methods will also perfectly replicate the biases and error 
of scoring used for training. A perfect training set does not and 
will not exist; careful thought to minimising bias and under-
standing the error of the ground truth selected for training will 
be essential.

CENTRAL READING ALGORITHMS: STATISTICAL VERSUS 
NON-STATISTICAL
Read algorithms are different from the endoscopic scoring 
system. They formalise how, exactly, given a specific scoring 
system, readers (scorers, evaluators) should conduct the reading/
image evaluation, and how the final scoring results for a given 
instance is to be arrived at, especially when there is more than 
one reader assigned per read instance, which is current practice 
in late stage trials.

A more detailed discussion of many practically important 
aspects of central read algorithms can be found in the (online 
supplementary appendix).

In brief, given the substantial inter- reader disagreement, 
attempts have been made to somehow combine the assessment 
of more than one well- trained reader for a final score. For this 
type of data aggregation different methods can be used. In prin-
ciple, the methods can be divided into statistical data aggregation 
techniques, which by mathematical necessity result in improved 
accuracy compared with one central reader models, and non- 
statistical (social) data aggregation methods, where accuracy 
gains cannot be predicted, because interpersonal dynamics do 
not necessarily result in improved accuracy.

In a consensus- based approach, a panel looks at the image or 
other matter of interest and comes, after open deliberation, to 
a conclusion. This process cannot be described mathematically 
as the inclination or power of individuals to influence others 
can neither be predicted nor easily measured. How a consensus 
process for central reading can be counterproductive when 
applied to IBD clinical trials, has previously been illustrated.51

Another non- statistical approach is that of adjudication. When 
two people cannot agree, they ask a third person to be an adju-
dicator. If used correctly, the word adjudication means that the 
third person knows the assessment of the other parties and takes 
it under consideration, the decision is final with the ‘judge’. This 
is in distinction to an anonymous process where there is equal 
weighting of each reader’s score, that is, voting. The same as 
above applies, the dynamics of this process cannot be described 
mathematically.

In contrast, averaging and voting are statistical data aggrega-
tion methods. Here, accuracy improvements are transparent. For 
averaging, they follow a square root law which holds that the SE 
of the sample mean decreases with the square root of the number 
of samples.52 In contrast, scores which have only few levels, such 
as the eMS (0,1,2,3) cannot be properly averaged, because the 
distances between ordinal numbers are unknown.53 Still, statis-
tical data aggregation can be done using voting. The accuracy 
improvements using voting can also be described mathematically 
with the Condorcet Jury Theorem.16 Voting algorithms use two 
readers, and, in cases of disagreement, an optional third reader 
(2+1 reader algorithm). In case reader 1 and 2 agree, the score 
is final. If not, reader number 3 votes, independently, in other 
words, without knowing that there was a disagreement. Reader 
3 is not an adjudicator, but another voter, see Gottlieb and 
Hussain16 and Ahmad et al.54

QUALITY CONTROL AND ONGOING MONITORING OF 
CENTRAL READER COMPETENCY
A review of typical reading charters reveals that retraining and 
retesting is envisioned, often on an annual basis, but learning 
theory would suggest that refreshers should be done when 
needed and should coincide with new reading tasks or sessions. 
Reader quality is often assessed by evaluating reader perfor-
mance using interobserver statistics. Whether the statistic chosen 
is Cohen’s kappa or the intraclass correlation coefficient (ICC) 
does not matter, as both metrics are trying to condense multiple 
levels of information into a single statistic which can be prob-
lematic if context is not kept in mind. For example, kappa (and 
ICC) values change with the prevalence of disease, and, as was 
recently shown in simulation, spurious kappa changes can occur 
during different phases of a clinical trial, even if the actual reader 
performance is kept constant.55 Practically speaking, kappa 
metrics before and after an intervention may not be comparable, 
and they should only be compared during the same phase of the 
study. Such statistics may also differ between active and placebo 
without representing changes in reader performance.

Another area which has escaped attention scrutiny is the influ-
ence image quality has on interobserver agreement. It makes 
sense to postulate that as image quality declines, mostly because 
of a suboptimal bowel preparation and inadequate washing by 
the colonoscopist, observer agreement should decline as well. 
While there are, to our knowledge, no comparable studies in IBD 
central reading, this effect has been described in other imaging 
fields.49 So far, little or no attention is placed by central reading 
vendors on assessing image quality or bowel prep quality on a 
reproducible basis and no thresholds have been defined when 
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a video is objectively unreadable. There are now AI algorithms 
available that can score bowel prep quality without reader input 
and they could be adopted to central reading work flows.56 This 
is attractive because the algorithm could be deployed early on 
during the acquisition of the colonoscopy video, allowing the PI 
to institute immediate remedial action, for example, re- prep the 
patient for the following day.

CONCLUSIONS
There are many important components that can make clin-
ical trial endoscopy and central reading more accurate. The 
best reading- algorithm and the most intensive central reader 
training cannot make up for deficiencies in the acquisition stage 
or improve on the limitations of the underlying score. Here we 
have discussed multiple areas of possible improvement, some of 
which can be implemented quickly or easily, others which will 
require further research and extensive development (table 2).

We believe that the one- central reader model is problematic 
and that that multi- reader models can best be conceptualised 
along the lines of whether they are statistical or non- statistical 
(social). Only the former promises reproducible performance 
gains. The statistical fundamentals of central reading seem to be 
clear, but there remain many questions at the margins that need 
to be resolved.

One way forward is for Pharmaceutical companies to make 
deidentified and annotated (scored) videos available for training 
purposes and ML projects, and GI societies could serve as the 
independent intermediaries. ML will eventually alleviate many 
of the issues now encountered in central reading, that is, time 
commitment, reader variability and bias, motivation, and 
fatigue, and will allow better scoring systems to be developed. In 
addition, withdrawal time, prep quality and inflammation, inte-
grated over the entire withdrawal phase of colonoscopy, could 
be quantified algorithmically.

Central reading is too important for the future development 
of GI therapeutics, especially in IBD, to be left to proprietary 
approaches. Instead, industry, academia and GI societies need to 

take concerted action in propelling the science forward and help 
establish reader training programmes.
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Suggested improvement or change (in order of presentation in the paper) Importance Ease of implementation

Colonoscopy only for UC trials. ++ ++

Require split dosing for colonoscopy preps. +++ +++

Avoid early morning colonoscopy for trial participants. ++ ++

Standardise bowel prep to polyethylene glycol 3350. +++ +++

Require vendors to present videos to central readers at the same resolution as recorded (no downsampling). +++ +++

Capture metrics for colonoscopy acquisition times (site reader) and viewing times (central reader) and set 
minimum standards.

++ ++

Involve site endoscopists as readers. ++ +

Central reading training programmes by GI societies. +++ +

Better training and collaborative use of ancillary personnel. +++ +

Design new scoring systems (endoscopic outcome instruments), especially for UC, that better reflect inflammatory 
burden and are validated for their context of use, possibly using machine learning.

++++ +

Harmonise central reader qualification processes with clinical credentialing requirements. ++ ++

Insist on more transparency regarding vendor central reader training programmes and harmonisation (see also 
above ‘Central reading training programmes by GI societies’).

+++ ++

Embrace ML to inform development of new scoring systems. +++ +

Read algorithms (aggregation of the input of more than one reader per video into the final score): choose 
statistical over non- statistical data aggregation methods.

++++ +++

Create prespecified thresholds for acceptable versus unacceptable bowel preps, possible implementation with ML 
algorithms prior to presentation to central readers.

+++ ++

GI, gastrointestinal; ML, machine learning; UC, ulcerative colitis.
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