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A Systematic Review of the Measurement of Endoscopic Healing
in Ulcerative Colitis Clinical Trials: Recommendations and
Implications for Future Research

Mark A. Samaan, MBBS,*" Mahmoud H. Mosli, MD,*** William J. Sandborn, MD,*!
Brian G. Feagan, MD,*"** Geert R. D’Haens, MD, PhD,** Elena Dubcenco, MD,*
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Background: Assessment of endoscopic disease activity, as measured by various endoscopic evaluative instruments, is an essential part of quantifying
disease activity in clinical trials in patients with ulcerative colitis (UC). Evaluative instruments have specific definitions and operating properties that
influence the interpretation of clinical trial results. Our objective was to systematically review all endoscopic evaluative instruments that measure endoscopic
disease activity in UC and to describe their definitions and operating characteristics (reliability, responsiveness, and predictive validity).

Methods: We performed a systematic review of evaluative instruments assessing endoscopic disease activity in UC. MEDLINE (Ovid), EMBASE (Ovid),
PubMed, the Cochrane Library (CENTRAL), and Digestive Disease Week abstracts of clinical trials were searched from inception to January 2013.

Results: In total, 5885 studies were identified and screened for inclusion criteria. Four hundred twenty-two studies involving 31 evaluative instruments
were identified. Two types of indices were found, numerical scoring systems and stepwise grading scales.

Conclusions: Both the endoscopic evaluative instrument selected and the definition chosen for mucosal healing affect the validity of assessing endoscopic
disease activity during a clinical trial for UC. Currently, the sigmoidoscopic component of the Mayo Score and the ulcerative colitis endoscopic index of

severity show the most promise as reliable evaluative instruments of endoscopic disease activity. However, further validation is required.

(Inflamm Bowel Dis 2014;20:1465—1471)
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Icerative colitis (UC) is a chronic condition characterized by

inflammation of the colonic mucosa.! New therapies are able
to induce and maintain mucosal healing,* which may change the
natural history of UC* and reduce the rate of colectomy.’ The
definition of endoscopic disease activity can have a substantial
impact on the operating characteristics of a mucosal healing end-
point in clinical trials, correlation with clinical remission, and
prediction of long-term outcomes. This systematic review aims
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to identify all the available evaluative instruments used to assess
endoscopic disease activity and mucosal healing in UC. We
review the development and validation of key evaluative instru-
ments, allowing recommendations to be made regarding optimal
assessments of endoscopic activity and mucosal healing for clin-
ical trials. Future research priorities are also identified.

METHODS

Search Strategy

MEDLINE, EMBASE, PubMed, the Cochrane Library
(CENTRAL), and Digestive Diseases Week abstracts of clinical
trials were electronically searched from their inception to January 16,
2013, for endoscopic evaluative instruments used for the evaluation
of UC. A summary of the specific search strategy used is detailed
below and a comprehensive description is included in Data,
Supplemental Digital Content 1, http://links.lww.com/IBD/A466.

Each database was searched for (“ulcerative colitis” OR
“inflammatory bowel disease”) AND (“endoscopy” OR “colono-
scopy” OR “sigmoidoscopy” OR “proctosigmoidoscopy”) AND
(“index” OR “indice” OR “scale” OR “score” OR “grade” OR
“Baron” OR “Rachmilewitz” OR “Mayo” OR “Matts” OR
“UCEIS” OR “Truelove” OR “Dick” OR “Marks” OR “Feagan”
OR “Powell” OR “Lemann” OR “Sutherland”).
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Study Selection

Two reviewers (M.H.M. and M.A.S.) independently screened
citations and abstracts before retrieving full-text publications of all
potentially eligible articles. No language restrictions were applied
and publications were translated into English where necessary.
Study eligibility was then assessed and in cases of disagreement
consensus was reached.

RESULTS

Our literature search retrieved a total of 5885 citations.
After excluding duplicates (2917), a total of 2968 publications
were screened and after removal of 76 animal studies, 2892
remained. After applying eligibility criteria and including an
additional 21 articles, a total of 437 articles were analyzed. This
comprised 422 studies involving a total of 31 endoscopic scoring
systems, as well as 15 related reviews (Fig. 1). The most com-
monly used and the most recently developed scoring systems are
both described in Table 1. The remaining 29 scoring systems
identified in our review are described in Tables, Supplemental
Digital Contents 2 and 3, http://links.lww.com/IBD/A467 and
http://links.lww.com/IBD/A468.

The following summary highlights the historical develop-
ment, definitions, and operative characteristics of key endoscopic
evaluative instruments used in clinical trials for UC.

FIRST ENDOSCOPIC SCORES: BARGEN SCORING
AND THE TRUELOVE AND WITTS INDEX

Direct examination of colonic mucosa in assessing
patients with colitis was originally described by Bargen in
1937.% His groundbreaking observations were made using
a rigid proctoscope in conjunction with a magnifying attach-
ment. This allowed him, for the first time, to describe the
mucosal changes seen “in the living patient, from the inception
of the disease to its well-advanced state.” Even as part of this
fledgling work on mucosal assessment, Bargen clearly recog-
nized the need for stratification of the changes he observed. He
described a first stage of disease with “numerous small hemor-
rhages scattered about the diffusely inflamed mucosa.” A sec-
ond stage followed with the addition of edematous mucosa,
which was described as being “so easily traumatized” by the
ridged examining instrument, reflecting friability. Thereafter
followed a third and fourth stage as the condition became
increasingly fulminant.

In 1955, Truelove and Witts” used the first evaluative
instrument for UC endoscopic activity in a clinical trial.
In addition to measuring clinical variables to assess disease
activity, Truelove and Witts performed serial rigid sigmoido-
scopic assessments using a 3-point scale. However, this eval-
uative instrument did not define the endoscopic descriptors
rather it classified patients into 1 of 3 groups: normal or near
normal (score of 1), improved (2), no change or worse (3).
This rudimentary design allowed for significant interobserver
variability.
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FIRST VALIDATED ENDOSCOPIC INDEX SCORING
SYSTEM FOR UC: THE BARON INDEX

In 1964 Baron et al® evaluated the interobserver variability
in describing changes seen in rectosigmoid mucosa. Their study
involved 3 observers independently assessing the mucosa of 60
patients with UC. Mucosal examination was performed with
a rigid sigmoidoscope and disease activity was rated using
a 4-point scale (0-3), largely based on the degree of mucosal
friability. This was determined by assessing the degree of mucosal
bleeding on brushing the mucosa with a cotton wool pledget.
They concluded that continuous variables lead to greater degrees
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FIGURE 1. Algorithm showing the search strategy used to identify
relevant publications based on PRISMA (Preferred Reporting Items for
Systematic reviews and Meta-Analyses) guidance.
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TABLE 1. Most Commonly Used and Most Recently Developed Scores

Level of
Index Setting Description of Scale Extent of Use Validation
Mayo Score Prospective study Stepwise 4-grade scale Multiple clinical studies and RCT ~ Not validated
(1987) (0) Normal or inactive disease

UCEIS (2012) To be used in prospective studies.

(1) Mild disease: erythema, decreased
vascular pattern, mild friability
(2) Moderate disease: marked
erythema, absent vascular pattern,
friability, erosions
(3) Severe disease: spontaneous
bleeding, ulceration
Previously validated in a total score (3—11)* composed of 3
variable subscores

Numerical grading system generating Recently developed and validated— Partially validated

trials using it as an end-point yet

retrospective studies
a) Vascular pattern
(1) Normal

(2) Patchy obliteration

(3) Obliterated

b) Bleeding

(1) None

(2) Mucosal

(3) Luminal—mild

to be completed

(4) Luminal—moderate or severe

c) Erosions and ulcers

(1) None
(2) Erosions

(3) Superficial ulcer

(4) Deep ulcer

“The grading system has been recently changed from 3-11 to 0-8. The variables of the score remained unchanged.

RCT, randomized controlled trial.

of interobserver discrepancy than discontinuous variables that are
“capable of close definition.” For example, the agreement for color
and granularity were 33% and 40%, respectively. The highest level
of agreement was reached for the variable of mucosal “friability,”
where it was found that agreement between the observers was
approximately 90%. Unfortunately, as this work predates the
advent of current methods of statistical analysis, reliability, kappa,
and intraclass correlation coefficients were not reported.” The orig-
inal Baron score itself has never been formally validated to deter-
mine it’s responsiveness and predictive validity.

SUTHERLAND MUCOSAL
APPEARANCE ASSESSMENT
As part of a placebo-controlled trial investigating mesal-
amine enemas, Sutherland and Martin'® described a 4-point scale
based on serial sigmoidoscopic assessment. The grade (0-3)
increased with the degree of mucosal friability. A composite
score, the Sutherland Index, was then devised incorporating this
scale with clinical variables (stool frequency, rectal bleeding,

mucosal appearance, and physician’s rating of disease activity).
This index is also known at the Disease Activity Index and the UC
Disease Activity Index. Although the index has been demon-
strated to correlate closely with patient-defined remission,'" nei-
ther the endoscopic nor the composite score has been validated.

ENDOSCOPIC COMPONENT OF THE
MAYO SCORE

Although the studies described above included both clinical
and endoscopic assessments of disease activity, the first widely used
instrument to incorporate both of these domains into a composite
score was the Mayo Score. This is also known as the Mayo Clinic
Score (or Index, MCS or MCI), which was described by Schroeder
et al in 1987.'? This instrument takes into account 4 variables: stool
frequency, rectal bleeding, a physician’s global assessment, and
assessment of changes seen in the rectosigmoid mucosa using a flex-
ible endoscope (Table 1 and Fig. 2). Individual items are rated 0 to
3, giving the composite score a maximum of 12. As with the endo-
scopic component of the Sutherland index, the Mayo Score is
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FIGURE 2. Endoscopic images demonstrating increasing grades of inflammation according to the Mayo Score (grade 0-3): (A) 0; (B) 1; (C) 2; (D) 3.

partially based on mucosal friability. It has since been demonstrated
that friability is best assessed by the incidental contact of a flexible
sigmoidoscope with mucosa rather than the use of a closed biopsy
forceps."

The authors suggested definitions for both complete and
partial response. However, these definitions relied largely on
patient-reported parameters and a physician’s global assessment,
as the index was originally described as a composite instrument
with both endoscopic and clinical components.

Owing to their similar design, some trials have interchanged
the endoscopic and clinical components of the Sutherland and Mayo
Indices. Studies have successfully demonstrated that improvement
in the Mayo Score is a clinically relevant endpoint that correlates
with improvement in quality of life measures.'* In addition, the
Active Ulcerative Colitis Trials (ACT-1 and ACT-2) of infliximab
showed that mucosal healing, defined as a subscore of 0 or 1 for
endoscopy in the Mayo Clinic Score at week 8, was associated with
a significantly lower rate of colectomy after 54 weeks (P =
0.0004)."> However, until recent studies no formal validation of
the reliability or responsiveness had been carried out. In a pla-
cebo-controlled study designed to assess change in disease activity
with mesalamine (Asacol; Procter & Gamble, Cincinnati, OH) treat-
ment, a group of experienced central readers scored recorded endos-
copies from patients with mild-to-moderate UC before and after
treatment. There was excellent intraobserver and interobserver reli-
ability (intraclass correlation coefficient and 95% confidence inter-
val [95% CIJ: 0.89 [0.85-0.92] and 0.79 [0.72—0.95], respectively).
Initial data from this work suggest that the endoscopic subscore of
the MCS is also responsive to change with a treatment of known
efficacy. There was a significant difference in the magnitude of
change in this endoscopic index between placebo and mesalamine
(Asacol; Procter & Gamble) at both 6 and 10 weeks (the median
change in endoscopic subscore grades were 0.29 and 0.52, respec-
tively, 2-sample ¢ test, P = 0.017 and <0.001).'® Despite this, many
questions remain unanswered: where exactly should the disease
severity be scored? What is the minimal insertion length? How
should focal healing be handled?

UC ENDOSCOPIC INDEX OF SEVERITY

In 2012, Travis et al'” started with the parameters included
in the Baron score and by using a combination of regression
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techniques and central reading of recorded endoscopy they devel-
oped the UC Endoscopic Index of Severity (UCEIS). As part of
this reevaluation they found that friability and mucosal hemor-
rhage had similar reliability (weighted inter-investigator kappa
values of 0.40 and 0.37, respectively). Although the 2 could not
be differentiated on statistical grounds, the latter was a better
compliment to the remaining components of the instrument. It
has less overlap with the discriminative features of the other pa-
rameters and therefore allowed for a more comprehensive descrip-
tion of the observed endoscopic disease activity. The weighted
interinvestigator kappa for erosion/ulceration and vascular pattern
were both 0.42. Using regression modeling, a 3-component index
with a total score of 3 to 11 was created based on vascular pattern
(scored 1-3), bleeding (1-4), and erosion/ulceration (1-4) (Fig. 3).
It was demonstrated to have high interobserver reproducibility and
that 90% (pR? 90%) of the variance when assessing overall endo-
scopic severity could be captured using this method. The index was
also shown to be a good predictor of overall severity when com-
pared with mean overall severity assessments (pR? 0.78), judged
using a visual analog scales.

Further to this, the process of index validation commenced.
In a 2013 study to build on their initial work, Travis et al'® dem-
onstrated that the UCEIS accounted for a mean of 88% of the
variability in overall endoscopic severity. Furthermore, satisfac-
tory intraobserver and interobserver reliability was observed.
Intrainvestigator agreement ranged from moderate to very good
for the descriptors individually (reliability ratios ranging from 0.47
for bleeding to 0.87 for vascular pattern). Good intrainvestigator
determination of the overall UCEIS score (weighted kappa 0.72
[95% CI, 0.61-0.82]) was also demonstrated. Moderate interinves-
tigator agreement was seen for each descriptor as well as the score
as a whole (weighted kappa 0.50 [95% CI, 0.49-0.52])." The
UCEIS descriptors were also shown to substantially correlate with
a global rating of endoscopic severity (median Pearson correlation
coefficient between UCEIS and visual analog scale, 0.93). In addi-
tion, Feagan et al*® showed excellent intrareader and interreader
agreement for the UCEIS: intraclass correlation coefficients =
0.89 (95% CI, 0.85-0.93) and 0.83 (95% CI, 0.77-0.88), respec-
tively, in a study of 7 experienced central readers. It should be
noted that as part of the validation process, the authors decided to
rework the scores assigned to individual parameters so that 0,
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FIGURE 3. Endoscopic images demonstrating the UCEIS scoring system for: vascular pattern (1-3): (A) 1, (B) 2, and (C) 3; bleeding (1-4): (D) 1, (E) 2,

(F) 3, and (G) 4; erosions and ulcerations (1-4): (H) 1, (I) 2, (J) 3, and (K) 4.

rather than 1, denotes normality. This gives the index a range of
0 to 8 instead of 3 to 11 but the descriptors of each parameter
remain unchanged (Table 1).

UC COLONOSCOPIC INDEX OF SEVERITY

Whether the severity of mucosal inflammation in UC can be
characterized by sigmoidoscopic examination is a matter of active
debate. Limited data have suggested that the healing in UC can
occur in a patchy manner.?'?? Samuel et al**** recently developed
and partially validated a colonoscopic scoring system, which
grades mucosal changes throughout the entire colon. The UC
Colonoscopic Index of Severity (UCCIS) comprises 5 compo-
nents: vascular pattern, granularity, friability, ulceration, and
global severity of damage. The reliability of these variables was
evaluated using a library of 50 UC colonoscopy videos, which
were examined by 8 experienced central readers, who scored each
segment of the colon. Of the parameters investigated, all showed
good to excellent interobserver agreement except for friability. To
further validate the score, the authors also demonstrated a moder-
ate correlation between the UCCIS and laboratory markers of
disease (C-reactive protein [P < 0.001], albumin [P < 0.001],
and hemoglobin [P < 0.01]) and a good correlation with patient-
defined remission (P < 0.01). Despite these validations steps,

significant questions regarding the feasibility of the UCCIS and
the segmental responsiveness remain unanswered. Feasibility
issues center on the fact that examining the entire colon, rather
than just the distal portion, is less tolerable (requiring oral bowel
preparation) and more costly.

CENTRAL READING OF ENDOSCOPIC SCORING

Central reading of endoscopic inflammation in UC trials is
a relatively novel strategy, first pioneered in a 2009 study of
delayed-release mesalamine in moderately active UC conducted
by Sandborn et al.'> Owing to the experience of the central reader
and the fact they remain blinded of the treatment assignments, this
method has been shown to reduce inclusion bias and placebo rates
in clinical trials. In a recent study, Feagan et al*® demonstrate the
advantages of a central reading system by studying the induction
of remission using mesalamine in symptomatic UC patients.
Inclusion to the study required a Mayo endoscopic subscore of
2 or greater. Two hundred eighty-one patients were first assessed
by site investigators and then centrally by a single expert reader.
Through this process, 31% of patients said to meet the inclusion
criteria by site investigators were subsequently deemed ineligible
by the central reader. In a post hoc analysis, these “ineligible”
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patients were excluded. By comparing intention-to-treat results,
which included all randomized patients, and the post hoc analyses
in which the ineligible patients were excluded, the authors were
able to show a reduction in the placebo response rates and a sub-
sequent increase in the estimate of treatment effect. It is widely
recognized that high placebo response rates are an important fac-
tor in the negative outcome of some clinical trials.® In light of
these findings, there is optimism that central reading could play an
important role in evaluating the efficacy of new therapies by
objectively providing reliable and valid evaluative endpoints with
clear operating characteristics. Many clinical trials, which use
central reading, are now underway.

FUTURE VALIDATION NEEDS, IDEAL
EVALUATIVE INSTRUMENTS,
PROOF-OF-CONCEPT TRIALS, CONTROVERSY,
AND REGULATORY IMPLICATIONS

Therapy for UC targets mucosal inflammation defined by
evaluative instruments. Reliable, valid, responsive, predictive and
feasible evaluative instruments are needed for clinical trials. Clear
and definite progress has been made from the advent of direct
qualitative visualization of rectal mucosa made by Bargen in 1935 to
the reliable central reading of sigmoidoscopies or multiple colonic
segments. Of the endoscopic scoring systems described above, the
Mayo Score and UCEIS are reliable and thus currently favored over
other scoring systems, but differentiating between these 2 evaluative
instruments will require more investigation into their comparative
responsiveness and predictive validity. Currently, centrally reading
the endoscopic component of the Mayo Score is being used to
reduce inclusion bias in clinical trials with the goal of reducing
placebo rates, and this strategy seems to have some predictive
validity. The UCEIS is often being scored in parallel, given that it is
reliable, and has promise as a useful index in the future.

An ideal evaluative instrument for clinical trials will be
responsive to effective therapies. Responsive evaluative instru-
ments allow for efficient proof-of-concept studies by facilitating
small sample sizes to reach a given power. Furthermore, with
responsive evaluative instruments as primary endpoints in UC
proof-of-concept studies and the use of statistical techniques such
as measuring shifts in distributions of evaluative instrument
scores, relatively small sample sizes may have sufficient power
to detect a difference between drug and placebo.

The evidence for the UCCIS discussed above suggests that
evaluation of the entire colon with subscores given for each segment
might be preferred to assessing the left colon only because it provides
a more comprehensive assessment of the colonic mucosa. However,
further studies are needed to investigate the feasibility of serial
colonoscopy in this clinical setting as well as the added value relative
to the current standard of serial flexible sigmoidoscopy. For proof-of-
concept studies, an evaluative instrument would ideally minimize
cost and risk, which would favor flexible sigmoidoscopic scoring.
Nevertheless, the U. S. Food and Drug Administration is evolving
toward the requirement of full colonoscopy during phase 3 drug
registration if a claim of mucosal healing is desired.
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CONCLUSIONS

Both the endoscopic evaluative instrument selected and the
definition chosen for mucosal healing affect the validity of assessing
endoscopic disease activity during a clinical trial for UC. Currently,
the sigmoidoscopic component of the Mayo Score and the UCEIS
show the most promise as reliable evaluative instruments of
endoscopic disease activity. However, further validation is required.
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Crohn’s Disease is Associated with Restless Legs Syndrome: ERRATUM

In the article on page 275, volume 16, issue 2, an author’s name was listed incorrectly. The second to last author, originally
listed as Gerald E. Mullen, MD should appear as: Gerard E. Mullin, MD.
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