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Abstract

Background & Aims: Despite debilitating symptoms, no standardized disease severity index exists for microscopic colitis (MC). This gap hinders
alignment with U.S. Food and Drug Administration (FDA) and European Medicines Agency (EMA) standards, which emphasize the importance of
patient-reported outcome measures (PROMs) in new therapy approval. This study aimed to validate the Microscopic Colitis Symptom Questionnaire
(MCSQ) and develop the Microscopic Colitis Score (MCS), a novel disease severity index.

Method: This prospective, multicenter study included 131 patients with biopsy-confirmed MC (67 remission, 64 active disease). Patients com-
pleted MCSQ and health-related quality of life (HRQoL) assessments [IBDQ-32, Short Health Scale (SHS)] at baseline and follow-up. Clustering
analysis systematically identified distinct disease severity groups. MCS was developed as a composite score derived from MCSQ.

Results: Factor analysis revealed a three-factor MCSQ model with good internal consistency (Cronbach’s alpha=0.88). Test-retest reliability
(intraclass correlation coefficient=0.88) and responsiveness to treatment (P<.01) of all MCSQ items were high. MCS, ranging from 0 (asymp-
tomatic) to 15 (maximum symptoms), correlated strongly with HRQolL measures such as IBDQ-32 total score (r.=—0.78), IBDQ-32 bowel symptoms
(rp=—0.80), and SHS bowel symptoms (rp=0.69). Receiver—operating characteristic curves indicated that MCS could accurately identify patients
in remission [as per Hjortswang criteria; area under the curve (AUC) =0.85], as well as mild (AUC =0.97), moderate (AUC =0.93), or severe disease
(AUC =0.96).

Conclusions: MCSQ and MCS are valid, reliable, and responsive tools that meet FDA and EMA standards. Both accurately reflect the diverse
symptoms of MC. Compared to the binary Hjortswang criteria, MCS provides a nuanced evaluation of disease activity and holds promise for
assessing therapeutic efficacy in future trials.
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1. Introduction rising and is currently estimated to be 11.4 (9.2-13.6) cases
Microscopic colitis (MC), encompassing collagenous colitis per 100 0(_)0 person-years.” Hallma.trk symptoms include chronic
(CC) and lymphocytic colitis (LC), is a chronic inflammatory ~ Watery diarrhea, urgency, fecal incontinence, and nocturnal
bowel disease predominantly affecting elderly women.! stools.>* Despite normal macroscopic findings during endos-
Although its etiology remains unclear, the incidence of MC is copy, MC is characterized by distinct histological features of
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chronic mucosal inflammation."” While MC does not signifi-
cantly increase mortality or lead to severe complications, active
disease can severely impair patients’ health-related quality of
life (HRQoL).>-® The primary therapeutic goal is therefore to
restore bowel function and improve HRQoL.*’ Yet, treatment
options are limited, with budesonide being the only moderately
evidence-based treatment option,*!%'? often followed by symp-
tom recurrence upon cessation.!! Off-label use of biologics such
as adalimumab, infliximab, and vedolizumab for steroid-re-
fractory MC has produced exiting results, but prospective trials
with standardized outcomes are needed."

Despite the microscopic finding of chronic inflammation,
there is still no reliable biomarker to assess disease activity in
MC.>’ Instead, assessment of MC disease activity currently
relies on the Hjortswang criteria (>3 stools/day or >1 watery
stool/day).>” While these criteria are widely used,>*'*'¢ they
lack the granularity to capture the full spectrum of symptoms
or differentiate disease severity levels. Moreover, they were
developed specifically for CC and lack validation for LC.” An
early attempt to address this gap led to the development of the
Microscopic Colitis Disease Activity Index (MCDAI),’> modeled
after the Crohn’s Disease Activity Index (CDAI)."” MCDAI
integrates multiple symptoms, including stool frequency, noc-
turnal stools, abdominal pain, weight loss, urgency, and incon-
tinence, into a weighted formula. However, MCDAI is limited
by (1) reliance on physician global assessment of a single inves-
tigator for validation; (2) poor responsiveness due to long-term
metrics (eg, weight loss and number of monthly fecal inconti-
nence episodes), which may not capture rapid symptom
changes typical of MC exacerbations or responses to treatment;
(3) the complexity of calculating this score in a clinical setting;
and (4) the lack of reference intervals for MCDAI which com-
plicate interpretation.

Additionally, neither MCDAI nor the Hjortswang criteria
have been subject to formal, prospective validation nor do they
meet the latest regulatory requirements from the U.S. Food and
Drug Administration (FDA) for patient-reported outcomes
(PROs) in clinical trials.>'* This is particularly important as the
FDA and European Medicines Agency (EMA) have recently
emphasized the importance of robust clinical outcome assess-
ments, particularly PROs, in regulatory decision-making.'*?’
To address the need for a responsive scoring tool for MC that
not only aligns with these regulatory standards but also accu-
rately captures the diverse symptoms of the disease, we have
recently developed the six-item Microscopic Colitis Symptom
Questionnaire (MCSQ); initially called E-MCAI).?! In this
study, we aimed to evaluate MCSQ validity and responsiveness
and to address the remaining gaps by developing and validating
the Microscopic Colitis Score (MCS). The MCS is designed to
assess MC severity comprehensively, aligning with regulatory
requirements while capturing the diverse symptoms of MC. We
find that MCS reliably predicts patient-reported HRQoL as
measured by IBDQ-32 and Short Health Scale.?>**

2. Materials and methods
2.1. Study design

This prospective multicenter study characterized symptomol-
ogy and HRQoL in patients with MC. Patients were included
from six European gastroenterological centers: Link6ping Uni-
versity Hospital, Sweden; University Hospital Vall de
Hebron-Barcelona, Spain; Hospital Universitari Mitua de
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Terrassa Universitat de Barcelona, Spain; Semmelweis Univer-
sity, Hungary; and KRH Clinic Siloah, Germany; Fondazione
IRCCS Ca’ Granda Ospedale Maggiore Policlinico Milano,
Italy. The study was conducted according to the principles of
the Declaration of Helsinki, International Council for Har-
monisation Good Clinical Practice guidance, and was approved
by The Medical Research Ethics Committee of Linképing Dnr
2019-02760 and by the institutional review boards of each
participating center. All patients gave written informed consent
before inclusion.

All patients filled out questionnaires at baseline and fol-
low-up (Table 1). If patients sought health care due to active
disease, they were asked to fill in MCSQ retrospectively. Dis-
ease activity was defined as mean daily stools >3 or mean daily
watery stools (Bristol 7) >1, according to the Hjortswang cri-
teria.’” Patients with active disease (as per Hjortswang criteria)
were recruited during out-patient contacts for active disease
and were treated with oral budesonide capsules 3 mg three
times daily for 4 weeks after completion of baseline question-
naires. Patients in remission were recruited by postal survey.
We aimed to include remission and active disease patients
approximately 1:1 to evaluate validity, reliability, and respon-
siveness optimally.

2.2. Patient and public involvement

Patients were not involved in the development of the research
question and outcome measures apart from participation in cog-
nitive interviews for cross-cultural adaptation of the instrument.
However, the development of MCSQ was based on substantial
patient input, including the identification and prioritization of
relevant symptoms in comparison to expert assessments, as
detailed in the original development publication.?!

2.3. MCSQ design

The MCSQ development followed FDA and EMA guidelines
for the development of PROs."”*" In summary, this develop-
ment included a literature review, qualitative interviews symp-
tom ranking by MC experts, a symptom survey (79 MC
patients, 70% response rate), and following expert review and
cognitive interviews before MCSQ was piloted in 100 MC
patients (66 % response rate).>! MCSQ assesses bowel symptom
burden daily over 7 days and records total daily stools, noctur-
nal stools (disrupting sleep), solid and loose stools (correspond-
ing to Bristol 6 and 7), urgency, leakage, and abdominal
pain.?"? Questions have high scale-level content validity indi-
ces (S-CVI universal agreement UA=0.99, S-CVI average=0.99
for relevance; S-CVI universal agreement=0.82, S-CVI aver-
age=0.97 for clarity and simplicity).>!

Table 1. Questionnaires for all study groups and timepoints.

Questionnaire Baseline (all 2weeks (remission 4 weeks (active
patients) at baseline) disease at baseline)

Disease history X

Demographics X

Rome IV criteria X

Disease course X

MCSQ X X X

SHS X X X

IBDQ-32 X X X

Health transition X X X
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MCSQ was originally developed in Swedish; an English
version was produced through forward-backward translation,
with discrepancies resolved by consensus. Cognitive interviews
were subsequently conducted with patients to ensure cultural
validity and clarity. From the English version, translations into
Hungarian, Italian, Spanish, and German were performed
using a standardized forward-backward translation proce-
dure.?® In each language, cognitive debriefing interviews with
patients assessed comprehension, relevance, and cultural appli-
cability, ensuring the conceptual equivalence of the instrument
across different cultural contexts. During such interviews, par-
ticipants were asked to complete the questionnaire while ver-
balizing their thought processes (“think-aloud” technique).””
Additionally, targeted probing questions were used to explore
the patients’ understanding of the items, the relevance of the
questions to their experience, and any potential cultural or
linguistic ambiguities. Interviews were audio-recorded and
analyzed to identify problems related to comprehension,
retrieval, judgment, and response processes. Necessary revi-
sions were made to ensure clarity, conceptual equivalence, and
cultural appropriateness across all language versions.

2.3.1. Inclusion/exclusion criteria

Participants were 18 years or older at the time of inclusion. Only
individuals with a biopsy-verified diagnosis of MC were included.
If the MC subtype was specified, histological findings had to be
consistent with diagnostic criteria for the respective subtype (LC
or CC).! Clinical symptoms compatible with MC at the time of
diagnosis also had to be present. Ongoing treatment with
budesonide at the time of inclusion led to exclusion.

2.4. Other questionnaires

Patients completed the Inflammatory Bowel Disease Question-
naire (IBDQ), a 32-item assessment designed for classic IBD
but with previously proven relevance to MC.?>’ Responses are
rated on a seven-point Likert scale. Items can be divided into
four domains: bowel symptoms, systemic symptoms, social
function, and emotional function. Total scores range from 32
to 224, with higher scores indicating better HRQoL. HRQoL
was also assessed using an adapted version of the Short Health
Scale (SHS), which uses non-leading, open-ended questions to
assess four key dimensions of subjective health (bowel symp-
toms, social function/interference with daily life, disease-related
worry, and general well-being).>* Responses were recorded on
a six-point Likert scale. Patient perception of the disease course
was assessed using curves from the IBSEN Study.”® Irritable
bowel syndrome (IBS) symptoms were evaluated using a ques-
tionnaire for the Rome IV criteria.”” Patient-perceived severity
of symptoms (none, mild, moderate, severe symptoms) and the
transition of symptoms compared to 2 weeks ago (much better,
better, same, worse, much worse) was assessed through the
Health Transition Questionnaire.?®

2.5. Statistics

Statistics were conducted in R v.4.4.1. Depending on the dis-
tribution of variables, they are either reported as (1) mean and
SD, (2) median and IQR, or (3) number and percentage.
Depending on data type and distribution, suitable statistical
tests were used and are indicated in each instance. Bonferroni
correction was applied when multiple comparisons occurred.

2.5.1. Validity

Exploratory factor analysis (EFA) was conducted using the
psych R package (v.2.4.6.26)° to examine MCSQ’s theoretical
structure. Data eligibility for factor analysis was confirmed
using Bartlett’s test of sphericity (P <.05) and Kaiser—-Meyer—
Olkin measure of sampling adequacy (KMO=>0.6). Cronbach’s
alpha assessed variance and covariance among MCSQ items
to evaluate internal consistency. Furthermore, validity was
evaluated by testing a set of hypotheses about expected cor-
relations between the MCSQ and HRQoL instruments, such
as IBDQ-32 and SHS, as well as patient experience. We
expected a moderate correlation (Pearson r,20.4) for most
MCSQ items.

2.5.2. Reliability

Test—retest reliability of the questionnaire was assessed using
the intraclass correlation coefficient (ICC; psych R package),
employing a two-way mixed-effects model with absolute agree-
ment (ICC2k).3"3> Test—retest reliability was calculated using
only subsets of participants who had completed the question-
naire twice, with 2 weeks between administrations. ICC>0.75
indicates good reliability.

2.5.3. Responsiveness

As MCSQ could ideally be used to evaluate potential treatment
effects, it was critical that values reflect the dynamic changes
upon treatment-related improvement in patients with active
disease at baseline. For this, a paired Wilcoxon signed-rank
test was performed for each item, comparing paired measure-
ments between baseline and follow-up.

2.5.4. Clustering

Clustering requires complete data. Hence, we removed
patients with >20% missing data points at a given timepoint
(baseline or follow-up; 42 patient-timepoint combinations
removed), before variables that had £20% missing data points
were removed (one variable; ratio of fluffy to watery stool).
Next, the remaining missing data points (3.3 %) were imputed
using non-parametric missing value random forest imputation
(missForest R package). Data were then scaled and underwent
principal component analysis (PCA) and JackStraw calcula-
tion (six relevant dimensions) for PCA. Clustering analysis
was performed using the Seurat v.5.1 package.’®> A shared
nearest-neighbor graph was constructed, and neighborhood
overlap between every cell and its k-nearest-neighbors (k=10)
was calculated based on the Jaccard index. Next, clusters were
identified by applying the Leiden algorithm to the shared near-
est-neighbor graph with a resolution of 0.9. Clusters were
visualized using UMAP.

2.5.5. Microscopic Colitis Score

The association between all diarrhea-related MCSQ items and
HRQoL was assessed to create a disease-activity score. Previous
studies had indicated that a clinically significant difference cor-
responds to ca. 20 IBDQ-32 points.** We therefore set cut-offs
and scored MCSQ items so that any point corresponded to
15-20 IBDQ points. The MCS is then derived by addition of
item-specific points. This scoring approach is similar to other
prominent scores, such as the Child-Pugh Score for cirrhosis
mortality.’%



Validity, reliability, responsiveness, and relevance were eval-
uated for MCS, similar to MCSQ. The optimal MCS cut-offs
for disease severity classification were assessed by receiver oper-
ating characteristic (ROC) curves, and the total area under the
curve (AUC) was calculated. Sensitivity and specificity for the
chosen cutoffs are presented.

3. Results

Initially, 133 patients were enroled. However, two patients
(1.5%) did not complete baseline questionnaires and were
excluded. The completion rates of all administered question-
naires are reported in Figure S1. Most importantly, MCSQ was
completed by all 131 patients (7=67 remission, n=64 active
disease at baseline), and 114 patients responded to MCSQ at
follow-up (n=57 remission at baseline, including 15 partial
completions; 7= 57 active disease at baseline, including 13 par-
tial completions).

Characteristics of the patients (68 CC, 59 LC, and four
unspecified MC) are displayed in Table 2. No significant dif-
ferences between CC and LC were found regarding demograph-
ics, clinical features, MCSQ item response, and HRQoL
measures (IBDQ-32 total, SHS bowel symptoms, SHS social
function). Therefore, the following analyses were performed
on all patients jointly.

3.1. Evaluation of MCSQ

Responses spanned the full range of response options for all
ordinal variables (Figure 1A). The distribution of response lev-
els differed significantly between patients with active disease
and remission (as per Hjortswang criteria), as well as between
patients before and after treatment. Furthermore, most items
were well inter-correlated (IPearson 71> 0.3) except for the mean
number of solid stools (Figure 1B).

3.1.1. Validity

The factorability of MCSQ items was explored using EFA.
Eligibility of data for EFA was confirmed by Bartlett’s test of

Table 2. Patient characteristics at baseline.
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sphericity (P<107') and KMO of 0.690, which is well above
the minimum requirements for conducting EFA. We considered
several criteria for deciding on the number of factors to extract.
The criteria included the Kaiser—Guttman eigenvalue method,
which suggested three factors, and parallel PCA, which sug-
gested one factor. Hence, a three-factor model was derived and
compared to a one-factor model. Item loading for the three-fac-
tor model ranged from 0.41 (mean pain) to 1.00 (mean # of
loose stools) and was slightly superior to the one-factor model,
where item loading ranged from |-0.37| (mean # solid stools)
to 1.00 (mean 7 of loose stools). Lastly, factors in the three-fac-
tor model were Promax rotated, and factor intercorrelations
remained high (Figure 1C). Eigenvalues and variance are pre-
sented in Table S1. Cronbach’s alpha (coefficient alpha reliabil-
ity) was 0.886 for Factor 1 loadings (>10.4l) and 0.825 for all
items in MCSQ), suggesting good internal consistency.

Since we aimed to develop a tool that indirectly measures
HRQoL, we evaluated to what extent MCSQ item responses
were concurrent with dedicated HRQoL surveys such as the
IBDQ-32 and SHS as well as patient experience (Figure 1D).
We found that all items exhibited strong correlations (>10.3l)
to relevant measures.

3.1.2. Reliability

To assess the test—retest reliability of MCSQ), intraclass correla-
tion coefficients were derived by comparing responses of
patients between baseline and follow-up for patients who were
in remission at both timepoints. Overall ICC (95% CI) for
MCSQ was 0.88 (0.86—0.90), corresponding to excellent reli-
ability. Paired analyses for all individual MCSQ items of
patients who had been in remission (untreated) at both time-
points showed no significant differences between timepoints
(Figure 2A). Similarly, we assessed ICC for 11 patients who
have had active disease at baseline but received no treatment
and still had active disease at follow-up 2 weeks later. Overall
ICC was 0.87 (0.81-0.91). Again, paired comparison indicated
no significant differences in item response between baseline and
follow-up (Figure 2B), indicating good reliability. Note that

Collagen colitis (7=68) Lymphocytic colitis (2=59) Total (2=131) P-valueCC vs LC

Age, median (IQR) years 60 (53.5-75.0) 68 (53.5-74.5) 66 (53.5-74.0) 0.43 Wil
Disease duration, median (IQR) years 3.6 (0.2-5.7) 3.2 (1.1-5.7) 3.6 (0.6-5.9) 0.61 Wik
Female, n (%) 56 (82.4) 48 (81.4) 108 (82.4) 0.88 ¢hi2
Active disease (Hjortswang criteria), 7 (%) 35 (51.5) 27 (45.8) 64 (48.9) 0.52 ¢hi2
Marital status: Single, 7 (%) 20 (29.4) 14 (23.7) 34 (26.0) 0.52 Chi2
Smoking, 7 (%) 0.08 fish

Never 28 (41.2) 33 (55.9) 63 (48.1)

Used to 24 (35.3) 21 (35.6) 48 (35.1)

Currently 15 (22.1) 5 (8.5) 21 (16.0)
Country, 1 (%) 0.74 Fish

Sweden 51 (75.0) 45 (76.3) 96 (73.3)

Spain 8 (11.8) 6 (10.2) 14 (10.7)

Hungary 3(4.4) 5(8.5) 12 (9.2)

Germany 4(5.9) 3(5.1) 7(5.3)

Ttaly 2(2.9) 0 (0.0) 2 (1.5)
Irritable bowel syndrome (IBS), 7 (%) 9(13.2) 9 (15.3) 20 (15.3) 0.74 hi)
Coexisting disease other than IBS, 7 (%) 56 (82.4) 50 (84.7) 109 (83.2) 0.99 ¢hi2

Abbreviations: CC, collagenous colitis; LC, lymphocytic colitis; IBS, irritable bowel syndrome; IQR, interquartile range. i, Wilcoxon sign rank test; 2,

Chi? test; P Fisher’s exact test.
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Figure 1. Evaluation of MCSQ validity. (A) Item response variation for MCSQ guestionnaires from both timepoints (baseline n=131; follow-up n=109) by
disease activity at respective timepoints (n= 145 remission, n=95 active disease). (B) Pearson correlation coefficients for MCSQ interitem correlations.
(C) Path diagram representation of Promax rotated factor loadings (>|0.4|) and factor intercorrelation resulting from exploratory factor analysis (EFA). (D)
Pearson coefficients for MCSQ item correlation with disease activity, HRQoL, and patient experience of microscopic colitis symptoms. Active disease
(0O=remission, 1=active disease) as per Hjortswang criteria. The six-point Likert scale for SHS ranged from 1 (best) to 6 (worst). Patients rated the
occurrence of microscopic colitis symptoms during the previous week, ranging from 0 (none) to 3 (severe). In (B) and (D), non-significant correlations are
shown as blanks. *P<.05; **P<.005; ***P<.0005; IBDQ, Infammatory Bowel Diseseas Questionaire; SHS, Short Health Scale.

these 11 patients had not received treatment for their active
disease, as they had not sought care for their symptoms, but
rather were discovered retrospectively in the postal survey that
aimed to establish a control group.

3.1.3. Responsiveness

Paired analysis of patients who had active disease at baseline
and were treated showed a significant improvement in all
MCSQ items (Figure 2C), which suggests the feasibility of using

MCSQ in future drug trials. Only four patients progressed from
remission at baseline to active disease at follow-up and hence
no statistical comparison of MCSQ response could be made.

3.2. Cluster-based definition of disease severity
groups

We aimed to develop a score for MC severity that ideally dif-
ferentiates between patients in remission, mild, moderate, and
severe disease. However, one major hurdle was that no previous
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Figure 2. Reliability and responsiveness of MCSQ items based on disease activity. (A) Test-retest of MCSQ for patients in remission at baseline (n=56).
Colors represent baseline (orange) and follow-up (beige). (B) Patients with active disease at baseline who were not treated (n=13), as no medical care
was sought. (C) Patients with active disease at baseline who received treatment with corticosteroids (n=45) showed improvement in all items at
follow-up. Paired Wilcoxon signed-rank tests were performed for all scenarios between baseline and follow-up, and P-values were Bonferroni-corrected.

*P<.05; **P<.005; ***P<.0005.

definition for mild or severe disease existed. To date, the only
established criteria for MC are the Hjortswang criteria.’ These
criteria were developed to identify CC patients in need of treat-
ment. While clinically immensely useful, such criteria fail to
differentiate between, for example, moderate and severe dis-
ease. To establish disease severity groups for MC, we therefore
started by characterizing our patient cohort to explore which
patient groups naturally existed in our data.

In this regard, clustering is a natural choice, as it systematically
groups patients with similar data points into homogeneous
groups while maximizing heterogeneity across groups. At the
same time, the Leiden clustering algorithm deployed by us does
not rely on pre-defined assumptions about group characteristics,
distribution, frequency, or an assumption about the number of
formed clusters. Clustering of patient data (HRQoL, symptom
diary, demographics) revealed the presence of five distinct patient
groups (Figure 3). Clusters were annotated based on their dis-
tinct characteristics and could be categorized into remission,
partial remission, as well as mild/moderate/severe disease.

3.3. Microscopic Colitis Score

To derive an easy-to-use and clinically relevant scoring system,
we started by categorizing and scoring each MCSQ item to
correspond to 15-20 IBDQ-32 points. While this point system
facilitates easy calculation of MCS, cut-offs did not decrease
the predictive performance of MCS variables (Figure 4). MCS
was derived by summation of item-specific scores (Table S2).
As the number (1) of loose stools is directly derived from two
MCSQ items (7 of Bristol 6 and # of Bristol 7 stools), univariate
models for those three variables, as well as multivariate models
for potential combinations of two to three of these variables,
were fitted. We found 7 of loose stools to be the most predic-
tive. No meaningful adjusted R? increase upon addition of

another variable was seen in the multivariate models. Hence,
only 7 of loose stools is included in MCS. The number of total
stools a day is directly derived from the number of loose stools
and the number of solid stools. The number of solid stools does
not contribute meaningfully towards a diarrhea score, and the
number of total stools is a worse predictor than the number of
loose stools, which led to the exclusion of both variables from
the MCS. Based on scores for the remaining items, MCS ranges
from 0 (asymptomatic) to 15 (maximal symptoms; Table S2).

Similar to MCSQ-related analyses above, we find that MCS
is a valid, reliable, and responsive measure of microscopic coli-
tis activity (Figure SA-C; Table 3). In univariate and multivar-
iate linear regression models, MCS yielded a strong level of
explanatory power for HRQoL-related predictions, as illus-
trated for IBDQ-32 total (Table 3). Additionally, we found that
MCS can distinguish between the MC severity groups previ-
ously identified by clustering (Figure 5C). Using ROC curves,
we determined MCS cut-offs that resemble clustering-based
disease severity and disease activity as defined by the Hjortswang
criteria (Figure 5D-G). Such cut-offs aim to enhance clinical
interpretability. Groups resulting from MCS cut-offs (remis-
sion; mild, moderate, and severe disease) correlated well with
IBDQ-32 total (Pearson r=-0.73, P<10-'%; Figure SH) and
dimensions, as well as SHS symptoms (Spearman rs=0.71,
P<107'% Figure 5L) and SHS function (Spearman rs=0.68,
P <1071 Figure SM).

No difference in IBDQ-32 total (Figure SH) was seen
between mild and moderate MCS group patients. However,
patients with moderate disease had more loose stools and more
often fulfilled the Hjortswang criteria (Figure 5T and N). This
increase in 7 of loose stools was driven by watery diarrhea
(Bristol 7) rather than fluffy stools (Bristol 6; Figure 5] and K).
An increased number of watery stools in the moderate MC
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Figure 3. Clustering of microscopic colitis patients. Using all available information, patients with sufficient data points (n=129 at baseline and n=91 at
follow-up) were clustered to identify patient subgroups. Clustering revealed five distinct patient subgroups. Three clusters identified patients with
decreased quality of life and bowel symptoms that correspond to mild to severe disease, and two clusters that corresponded to patients in remission.
No sex bias was found in any cluster (E). Note that IBDQ-32 total ranges from 32 (worst) to 224 (best). IBDQ-32 total score is derived from four
dimensional scores: bowel symptoms (10-70), systemic symptoms (5-35), social function (5-35), and emotional function (12-84). IBDQ, Inflammatory

Bowel Disease Questionnaire; SHS, Short Health Scale.

group aligns with the typical symptomatology of MC and
might suggest a more significant intestinal upset compared to
the mild MCS group, which experienced predominantly Bristol
6 diarrhea. Although speculative, the increased number of
watery stools in the moderate MC group aligns with the typical

symptomatology of MC and may suggest a more inflammatory
intestinal environment compared to the mild MCS group,
which experienced predominantly Bristol 6 diarrhea.’”

While IBS co-morbidity appears to be somewhat overrepre-
sented in active MC, multiple regression analysis revealed that
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Figure 4. Cut-offs for awarding item-specific MCS points. All plots show an association of item-specific values to Inflammatory Bowel Disease
Questionaire (IBDQ) total points for all 32 items. For each item, cut-offs were identified, and items were scored so that each item-specific MCS point
corresponded to a 15-20 point decrease in IBDQ-32 total. Item-specific MCS points are indicated as boxplots; width corresponds to the cut-off interval,
and color corresponds to MCS points. Under each plot, we indicate the outcome of univariate linear regression for IBDQ-32 total using (1) the unmodi-
fied item and (2) item-specific MCS points as well as numerical cut-offs. All univariate analyses were significant. Wilcoxon signed-rank tests were
performed, and P-values were Bonferroni corrected. * P<.05; **P<.005; ***P<.0005.

the MCS xIBS interaction term did not achieve statistical sig-
nificance, suggesting that IBS symptoms do not significantly
inflate MCS. To further examine this, we repeated the valida-
tion of MCSQ and MCS using only the 111 patients who had
no IBS comorbidity, in order to investigate whether MCSQ or
MCS were prone to symptom inflation in IBS patients. The
exclusion of IBS patients rather than specific subgroup analysis
was chosen due to the relatively limited number of patients
with IBS co-morbidity (7=20). The outcomes of repeated val-
idation analyses were comparable, suggesting no major con-
founding by IBS co-morbidity (Supplementary results).

4. Discussion

PROs are essential tools for the systematic collection of patient-cen-
tered data and monitoring of treatment outcomes.'** Their piv-
otal role in the drug approval process by regulatory agencies, such
as the FDA and EMA, underscores their importance.>'*** How-
ever, existing PROs for MC fail to meet these regulatory standards.
To address this gap, we developed MCSQ and MCS to assess
disease severity in MC. The MCSQ encompasses a comprehensive
7-day assessment of stool patterns, urgency, repeated toilet visits,
fecal leakage, and abdominal pain, capturing variations in MC
symptoms.’' Based on MCSQ, we developed MCS, a new PRO
measure to evaluate overall disease severity. Our study demon-
strates that MCSQ and MCS are valid, reliable, and responsive
measures of disease activity in both CC and LC.

One of the key advantages of MCS is that its systematic,
data-driven characterization of MC severity provides both

patients and physicians with a clear and practical framework
to assess symptoms on a standardized scale, ranging from
remission to mild, moderate, or severe disease. This might help
to contextualize symptoms within the broader spectrum of the
disease, offering a tangible and actionable framework for cli-
nicians and promoting clearer patient communication.*** In
contrast to MCDAI, MCS’s week-long assessment period pro-
vides a more sensitive measure of symptom fluctuations and
better aligns with patient-centered clinical goals.’

As no definition for disease severity levels in MC existed, the
use of clustering analysis to define five distinct disease severity
groups is a notable strength of this study.” By avoiding pre-
defined assumptions, the Leiden algorithm provided an unbiased
framework for subgroup identification.*” Notably, no single
MCSQ variable was sufficient to distinguish severity levels.
Instead, our results suggest that MC severity levels are best con-
ceptualized as a continuous increase in symptom burden rather
than discrete symptom profiles. MCS reliably distinguishes these
subgroups of MC, providing a robust and practical tool for
clinical and research applications.

While we do not find that IBS comorbidity majorly impacts
MCS, the overrepresentation of IBS patients in the severe dis-
ease group should be considered a limitation, given the over-
lapping symptomatology. Such an overrepresentation of IBS is
a limitation common to most studies regarding MC.*"*> Fur-
thermore, an important limitation is that patients with active
disease filled in MCSQs retrospectively; while this enables clin-
ical useability, retrospective symptom reporting may introduce
recall bias which in theory could enhance MCS responsiveness
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Figure 5. Validity, reliability, and responsiveness of the Microscopic Colitis Score (MCS). (A) Pearson coefficients for MCS correlation with disease
activity, HRQoL, and patient experience of microscopic colitis symptoms. (B) Test-retest and responsiveness of MCS. Importantly, no significant
difference was found between baseline and follow-up for patients (n=42) in remission at baseline and those (n=14) with untreated active disease, which
supports good reliability. Responsiveness of MCS was supported by a substantial change in MCS for patients (n=37) who were treated for active
disease. (C) MCS values differed significantly between all previously identified clusters. To determine meaningful MCS cut-offs for disease severity
grading, receiver operating characteristic (ROC) curves were calculated. Optimal MCS cut-off for (D) capturing active disease according to Hjortswang
criteria, (E) active disease (mild, moderate, and severe) according to clustering, (F) moderate or severe disease according to clustering, and (G) severe
disease according to clustering were determined. Optimal MCS cut-offs were MCS >4, MCS >4, MCS>7 and MCS > 10 for (D)-(G) respectively. We used
these MCS cut-offs to define severity groups (MCS groups): remission (MCS of 0-3), mild (4-6), moderate (7-9), severe (10-15). We visualize (H)
IBDQ-32 total, () n of loose stools (mean), (J) n of Bristol 6 and (K) n of Bristol 7 stools (mean), (L) SHS symptoms, (M) patient-rated MC symptoms, (N)
Hjortswang criteria, and (O) IBS co-morbidity by MCS groups (x-axis). Numbers in (L)-(O) indicate the number of patients corresponding to percentages
on the y-axis. Significance bars were derived by pairwise Wilcoxon signed-rank tests (paired when applicable) and y? tests. All P-values were Bonferroni
corrected. *P<.05; **P<.005; ***P<.0005; IBDQ, Inflammatory Bowel Disease Questionnaire; SHS, Short Health Scale.
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Table 3. MCS in univariate and backward-eliminated multivariate linear
regression for IBDQ-32 total.

Univariate model*

Variables B 95% CI P-value
(Intercept) 202.3 197.5 t0 207.1 10-1%
MCS -6.0 -6.8t0 -5.3 1034
Multivariate model * *
Variables i} 95% CI P-value
(Intercept) 217.0 201.5t0 232.5 10-%
MCS -5.1 -5.8to -4.3 102
IBS: yes -27.3 -36.9t0 -17.6 10-¢
Diagnosis (CC)
LC -7.2 -13.6 t0 -0.8 0.02
MC UNS -15.3 -36.7t0 5.3 0.14
Country (Hungary)
Spain -7.4 -24.1t09.3 0.38
Sweden -16.2 -30.4 to -2.0 0.03
Time: follow-up 5.9 -0.8 to 12.5 0.08

‘Adj. R2=0.60; P<10-16, *Adj. R*=0.65; P<10-15.

Eliminated variables: age, sex, disease duration, marital status, smoking,
coexisting disease, MCSxIBS interaction.

Abbreviations: MCS, Microscopic Colitis Score; IBS, irritable bowel
syndrom; CC, collagenous colitis; LC, lymphocytic colitis; MC UNS,
microscopic colitis unspecified.

(treated active disease) and inflate test-retest reliability
(untreated active disease). Additionally, the reliance on HRQoL
measures for validation, while meaningful for capturing the
effects of disease on patients’ daily lives, introduces potential
variance due to subjectivity, causal ambiguity, and cross-pop-
ulation variability. Despite this, MCS explained most of the
variance in the included HRQoL measures. Predictiveness (R?)
of MCS far exceeds that of similar scores predicting IBDQ-32
or other HRQoL measures.** We saw no variations in the
relationship between MCS and HRQoL across countries, age
groups, or genders. Another limitation is the unrecorded num-
ber of patients declining participation at the individual centers.
Given this study’s focus on evaluating the impact of MC symp-
toms on HRQoL rather than to explore HRQoL in the general
population of MC patients, this might be of minor importance
for the development of MCS.

Future studies should validate MCS in larger, longitudinal,
and international cohorts, incorporating diverse populations
to ensure generalizability. Further exploration of MCS’s appli-
cability in patients with coexisting IBS, along with the inclusion
of emerging biomarkers for MC severity, could refine its clinical
utility. Studies evaluating its use in monitoring long-term dis-
ease progression and therapeutic outcomes will further estab-
lish its role in clinical and research settings.

5. Conclusions

The development of the MCSQ and MCS addresses the critical
need for a standardized, patient-reported measure of disease
severity in MC. MCSQ and MCS demonstrated strong validity,
reliability, and responsiveness, providing a robust framework
for quantifying disease severity. Unlike existing tools, MCS
offers improved granularity, aligns with FDA and EMA regu-
latory standards, and captures rapid symptom changes, enhanc-
ing its utility in both clinical practice and research.
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