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Histological Markers of Clinical Relapse in Endoscopically
Quiescent Ulcerative Colitis
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Background: In ulcerative colitis (UC) patients who have achieved mucosal healing, active microscopic colonic mucosal inflammation is com-
monly observed. We aimed to assess the association between histological activity and disease relapse in endoscopically quiescent UC.

Methods: Ulcerative colitis patients with endoscopically quiescent disease and >12 months of follow-up were included. Biopsies were reviewed
for the presence of basal plasmacytosis (BPC) and active histological inflammation, defined as a Geboes score (GS) >3.2. Primary outcome meas-
ures were disease relapse at 18 months and time to first relapse after index colonoscopy.

Results: Seventy-six UC patients (51% male; mean age, 38.6 years; median follow-up [range], 75.2 [2-118] months) were included. Sixty-two
percent had an endoscopic Mayo score of 0 at index colonoscopy. Basal plasmacytosis was present in 46% and active histological inflammation in
30% of subjects. Presence of BPC was associated with a significantly shorter time to disease relapse (P = 0.01). Active histological inflammation
was significantly associated with clinical relapse at 18 months (P = 0.0005) and shorter time to clinical relapse (P = 0.0006). Multivariate anal-
ysis demonstrated active histological inflammation to be independently associated with clinical relapse at 18 months and time to clinical relapse.

Conclusions: In endoscopically quiescent UC, active histological inflammation and the presence of BPC are adjunctive histological markers as-
sociated with increased likelihood of disease relapse. Although prospective studies are required, the presence of these histological markers should

be a factor considered when making therapeutic decisions in UC.
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BACKGROUND

Mucosal healing (MH) is considered an important end
point in the treatment of inflammatory bowel disease (IBD).
Mucosal healing is generally defined using the Mayo endo-
scopic subscore, which grades degree of mucosal inflammation
based on an ascending 4-point scale (0-3).! Mucosal healing
has been defined as a Mayo endoscopic subscore of 0 to
1. Clinical trials of therapies in patients with ulcerative colitis
(UC) now routinely include endoscopically assessed MH as an
end point, and expert consensus recommends MH as an im-
portant treatment target in clinical practice.> Mucosal healing
in UC is associated with improved clinical outcomes, including
a reduced risk for hospitalization and need for colectomy.’

Despite improved therapeutic options for UC and a
focus on achieving objective treatment targets such as MH, a
significant proportion of patients with UC relapse. Although
the achievement of MH is associated with a reduced risk of
disease relapse, patients without significant macroscopic mu-
cosal inflammation are known to also subsequently experience
disease exacerbations.® In patients who have achieved MH, ac-
tive microscopic colonic mucosal inflammation is commonly
observed. A meta-analysis demonstrated the persistence of
microscopic inflammation in 16%—-100% of individuals with
endoscopically quiescent disease, suggesting that endoscopic
assessment of the mucosa alone may not fully characterize
inflammatory burden in UC.* Although histological activity
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in endoscopically quiescent disease is common, data remain
sparse on the clinical significance of microscopic inflammation
in the setting of endoscopically quiescent disease. Furthermore,
the predictive role of histological activity on clinical outcomes
in UC remains incompletely assessed.

We aimed to determine the association between histolog-
ical markers and disease relapse in UC patients with endoscop-
ically quiescent disease. We also aimed to assess the association
between histological markers and other important clinical out-
comes in UC, including corticosteroid and biological exposure,
hospitalization, and colectomy.

METHODS

Study Design and Definitions

A retrospective cohort study was conducted. Patients
with UC attending Mount Sinai Hospital, Toronto, Canada
(MSH), between 2000 and 2014 were identified from an in-
stitutional database. Only individuals over the age of 18 with
a confirmed diagnosis of UC based on accepted endoscopic,
radiologic, and histologic criteria were considered eligible.’
Patients were included in the study if they were in clinical re-
mission for at least 1 month, had endoscopically quiescent di-
sease on their index study colonoscopy, and had a follow-up
period of at least 12 months after this colonoscopy. The index
study colonoscopy was defined as the first colonoscopy per-
formed after UC diagnosis or the first colonoscopy performed
at MSH after transfer of patient care to MSH from another in-
stitution. Endoscopically quiescent disease was defined as a UC
endoscopic Mayo subscore of 0 or 1. Exclusion criteria were
a diagnosis of IBD type unclassified, previous surgical resec-
tion, incomplete baseline colonoscopy, and prolonged disease
remission >10 years.® The local ethics committee of the hospital
approved the study.

Study Population

The endoscopic records of 603 patients with UC were
reviewed for study eligibility. One hundred four patients were
identified with endoscopically quiescent disease on their index
study colonoscopy. Of these 104 patients, 28 were excluded, as
original histological specimens could not be retrieved (n = 10),
there was inadequate follow-up (n = 8), there were inadequate
histological specimens for interpretation (n = 6), there was clin-
ically active disease (n = 3), or they were classified on review
as IBD type unclassified (n = 1). After, exclusions a final study
cohort of 76 patients was available for analysis (Fig. 1).

Clinical, Laboratory, and Endoscopic Parameters
Assessed

All demographic, clinical, and laboratory variables were
extracted from a combination of electronic and paper medical
records. Demographic and clinical variables collected included

Endoscopic records of 603
patients reviewed

104 patients identified with
quiescent UC on baseline
colonoscopy

76 patients included in the
analysis

28 patients excluded

47 baseline endoscopic

10 - Unable to retrieve histology Mayo subscore 0]
8 - Inadequate follow-up

6 - Inadequate histological
samples for interpretation

3 - Active clinical disease
1 - Indeterminate colitis

29 baseline endoscopic
Mayo subscore 1

FIGURE 1. Flow diagram of final study population (n = 76).

age, sex, age at UC diagnosis, months in clinical remission,
smoking status, history of appendectomy, disease extent at
baseline, and number and location of colonic biopsies taken at
index study colonoscopy. Medical therapy at the time of index
study colonoscopy was determined. Laboratory variables at the
time of index study colonoscopy were collected, including he-
moglobin, white blood cell count, platelet count, and C-reactive
protein (CRP). Index study colonoscopy reports were reviewed,
and endoscopic activity was assessed using the endoscopic
Mayo subscore.! An endoscopic Mayo subscore of 0 to 3 was
assigned (0: normal; 1: erythema, decreased vascular pattern,
mild friability; 2: marked erythema, absent vascular pattern,
friability, erosion; 3: spontaneous bleeding, ulcerations). If the
endoscopic Mayo subscore was not explicitly stated or apparent
on review of the report, then a second reviewer independently
assessed the report. If a consensus was not reached, then a third
reviewer was used to arrive at a consensus score.

Histological Assessments

A gastrointestinal pathologist with expertise in IBD,
blinded to clinical information, assessed colonic biopsy sam-
ples taken at the index study colonoscopy. Histological disease
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activity was characterised utilizing the Geboes score (GS),
which has been described previously.” All colonic biopsies
were graded for inflammatory activity, and the biopsy with
the highest degree of activity was used to calculate the GS.
A number of previous reports have utilized a GS threshold of
3.1 to define active histological inflammation.®® A GS of 3.1
represents active inflammation involving <5% of crypts, which
may not be clinically significant. We hypothesized that a higher
GS score threshold would have a better discriminatory value for
clinical relapse and therefore defined active histological inflam-
mation as a GS of >3.2. The presence of basal plasmacytosis
(BPC) was also documented. Basal plasmacytosis was defined
as dense infiltrate of plasma cells around the deep part of the
lamina propria or at the base of the crypts, as described in a
previous study (Fig. 2). A localized infiltrate was indicative of
focal basal plasmacytosis, whereas a multifocal distribution
represented a diffuse pattern. For the purposes of analyses,
focal and diffuse basal plasmacytosis were grouped together.

Study End Points

The primary study end points were clinical relapse rate
at 18 months and time to clinical relapse. Clinical relapse
after index study colonoscopy was defined as the occurrence
of UC-related symptoms with a partial Mayo score of >3; or
where, in the opinion of the treating physician, a clinical relapse
had occurred and a therapy escalation was required. Secondary
end points included time to first corticosteroid or biological
prescription, UC-related hospitalization, and colectomy.

Statistical Analysis

Baseline demographic and clinical data were presented as
mean and standard deviation for continuous variables and fre-
quencies and percentages for categorical variables. An a priori
subgroup analysis was performed to assess differential rates

of clinical relapse between subgroups, with endoscopic Mayo
subscores of 0 and 1 on index study colonoscopy. The Kruskal-
Wallis test was used to compare continuous variables between
individuals by relapse status at 18 months. The Fisher exact
test was used to compare frequency data. The log-rank test
was used to compare individual variables and time to clinical
relapse. Kaplan-Meier survival functions were also generated.
The combined effects of individual predictors on relapse at
18 months and time to relapse were assessed with multivariate
models. Logistic regression was used for the multivariate model
with a binary outcome for relapse at 18 months and Cox re-
gression with the Breslow method for ties when the outcome of
interest was time to clinical relapse during follow-up. Due to the
high correlation between BPC and active histological inflam-
mation, the most significant of these variables in the univariate
models was included in subsequent multivariate models. In ad-
dition, sex, age, and exposure to biologic therapy were also in-
cluded in multivariate models. False discovery rate—corrected P
values are reported, with a P value <0.05 considered significant.

RESULTS

Baseline Characteristics

The baseline characteristics of the cohort are described in
Table 1. Study participant median (range) age was 38.0 (18-65)
years, 51% were male, and the median duration of remission be-
fore study entry was 24.8 (2-118) months. Nine percent, 61%,
and 32% of subjects had proctitis, left-sided colitis, and extensive
colitis, respectively. Sixty-two percent and 38% of subjects, re-
spectively, had endoscopic Mayo scores of 0 and 1 at index study
colonoscopy. The mean number of endoscopic biopsies taken at
index study colonoscopy was 13.8. The location of the biopsies
with the highest degree of inflammatory activity (used to gen-
erate GS) was rectal in 49% (36/74), sigmoid in 24% (18/74), left

FIGURE 2. Representative images of basal plasmacytosis (A) and active histological inflammation (B). The inset in A is a higher-power image of
plasma cells in the lamina propria adjacent to a crypt base. In B, the main image shows cryptitis (neutrophil infiltration of crypt epithelium), and the

inset shows a crypt abscess.
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colonic in 15% (11/74), and proximal colonic in 12% (9/74) of
subjects, respectively. Two included subjects did not have the co-
lonic location of their biopsies documented. Medication use at
the time of index colonoscopy is described in Table 1. At the time
of index colonoscopy, 30% of patients had active histological in-
flammation, whereas BPC was present in 46% of patients.

Association Between Clinical and Histological
Variables and Clinical Relapse at 18 Months

Twenty-five patients (33%) experienced disease relapse by
18-month follow-up. A univariate analysis was performed to

TABLE 1. Baseline Characteristics of Study Cohort
(n=176)

Age, median (range), y 38.5 (18-65)
Duration of remission, median (range), mo 24.8 (2-118)
Sex (male), % 51
Disease extent, %
Proctitis 9
Left-sided colitis 61
Extensive colitis 32
Oral 5-ASA, % 67
Topical 5-ASA, % 20
Immunomodulator, % 28
Biologics, % 12
Index colonoscopy endoscopic 62
Mayo subscore 0, %
Index colonoscopy endoscopic 38
Mayo subscore 1, %
Active histological inflammation, % 30
Basal plasmacytosis, % 46

evaluate variables associated with clinical relapse at 18 months
(Table 2). A shorter duration of remission before study entry
(P =0.03) and female sex (P = 0.03) were associated with a sig-
nificantly higher rate of clinical relapse at 18 months. Neither
colitis extent nor maintenance medication at the time of index
study colonoscopy was found to be significantly associated with
disease relapse at 18 months. There was no difference in clin-
ical relapse rates at 18 months comparing individuals with an
endoscopic Mayo subscore of 0 vs 1 on index study colonos-
copy (P = 0.62). There was a nonsignificant trend toward an
association between the presence of BPC and clinical relapse at
18 months, with BPC present in 64% of individuals with clinical
relapse compared with 37% of individuals who did not relapse
(P = 0.07). There was a significant association between active
histological inflammation and clinical relapse at 18 months,
with 60% compared with 16% of individuals with and without
active histological inflammation, respectively, experiencing clin-
ical relapse at 18 months (P = 0.0005) (Table 2). Multivariate
analysis demonstrated active histological inflammation and fe-
male sex to be independently associated with clinical relapse
at 18 months (odds ratio [OR], 8.29; 95% confidence interval
[CI], 2.49-27.61; P = 0.001; and OR, 3.65; 95% CI, 1.11-11.91;
P =0.032, respectively) (Table 3).

Association Between Clinical at Histological

Variables and Time to Clinical Relapse

The average length of follow-up in the study cohort
(range) was 75.2 (2-118) months. Over the length of follow-up,
67% of patients experienced disease relapse, at an average of
26.7 months from study entry. The presence of BPC was asso-
ciated with a significantly shorter time to disease relapse (me-
dian time to relapse, 22.0 months; 95% CI, 5.7-38.2 months; vs

TABLE 2. Univariate Analysis of Variables Associated With Clinical Relapse at 18 Months

No Relapse (n = 51) Relapse (n = 25) P

Age, median, y 39 33 0.38
Duration of remission, median, mo 13 8 0.03
Male, % 61 32 0.03
Proctitis, % 10 8 1.00
Left-sided colitis, % 59 60

Extensive colitis, % 31 32

No medication, % 10 12 1.00
Oral 5-ASA, % 61 60 1.00
Topical 5-ASA, % 16 28 0.23
Immunomodulator, % 31 20 0.42
Biologic, % 12 12 1.00
Endoscopic Mayo subscore 0, % 65 56 0.62
Endoscopic Mayo subscore 1, % 35 44

Basal plasmacytosis present, % 37 64 0.07
Active histological inflammation, % 16 60 0.0005
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TABLE 3. Multivariate Analysis of Variables Associated With Clinical Relapse at 18 Months

Relapse at 18 mo

Relapse Over Length of Follow-up

OR (95% CI) P HR (95% CI) P
Active histological inflammation 8.29 (2.49-27.61) 0.001 2.8 (1.5-5.0) 0.001
Sex (female) 3.65 (1.12-11.90) 0.032 1.97 (1.12-3.48) 0.019
Duration of remission 0.97 (0.95-1.00) 0.070 0.98 (0.97-0.99) 0.003

median time to relapse, 46.0 months; 95% CI, 27.0-65.0 months;
P =0.01) (Fig. 3A). Active histological inflammation was asso-
ciated with a shorter time to clinical relapse (median time to
relapse, 11.0 months; 95% CI, 6.3—15.7 months; vs median time
to relapse, 46.0 months; 95% CI, 26.1-65.9 months; P = 0.0006)
(Fig. 3B). Multivariate analysis demonstrated active histolog-
ical inflammation to be independently associated with time
to clinical relapse (hazard ratio [HR], 2.8; 95% CI, 1.5-5.0;
P =0.001). Female sex (P = 0.019) and a shorter duration of
remission before index colonoscopy (P = 0.003) were also in-
dependently associated with time to clinical relapse (Table 3).

Association Between Histological Variables and
Requirement for Corticosteroid Prescription,
Biologic Therapy, Hospitalization, and

Colectomy

Over the length of follow-up after index study colonos-
copy, 39 patients required corticosteroid prescription. Basal
plasmacytosis on baseline histology was associated with a
significantly shorter time to corticosteroid prescription (me-
dian time to corticosteroid prescription, 21.0 months; 95% CI,
0-53 months; vs median time to corticosteroid prescription,
90.0 months; 95% CI, not calculable for this variable; P = 0.006)
(Fig. 4A). Active histological inflammation was significantly as-
sociated with a shorter time to corticosteroid prescription (me-
dian time to corticosteroid prescription, 14.0 months; 95% CI,
7.7-20.3 months; vs median time to corticosteroid prescription,
67.0 months; 95% CI, 24.9-109.1 months; P = 0.0008) (Fig. 4B).
Seven patients required a biologic prescription (infliximab), 13
patients had a UC-related hospitalization, and 17 patients had
a colectomy (12 for active inflammation, 3 for dysplasia, 2 for
colorectal cancer). Neither the presence of BPC nor active his-
tological inflammation was associated with requirement for a
biologic prescription (P = 0.71), UC-related hospitalization
(P = 0.85), or colectomy (P = 0.94) (Supplementary Table 1).

DISCUSSION
This report assessed the association between histolog-
ical activity and clinical relapse in UC patients with clinically
and endoscopically quiescent disease. We demonstrate, in con-
cordance with previous studies, that a significant proportion
of patients with endoscopically quiescent disease have active
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histological inflammation and evidence of basal plasmacytosis.*
We demonstrate the presence of BPC to be significantly asso-
ciated with a shorter time to clinical relapse. We also show that
active histological inflammation is significantly associated with
clinical relapse at 18 months and a shorter time to clinical re-
lapse. The findings from this study provide further evidence
that, in endoscopically quiescent UC, histological markers pro-
vide valuable information that has clinical relevance and may
guide therapeutic decision-making.

The histological findings in UC are characterized by a
diffuse mucosal inflammatory infiltrate and evidence of pre-
vious crypt destruction, which may manifest with architec-
tural distortion, crypt atrophy, and Paneth cell metaplasia.
Inflammatory changes are generally continuous and maximal
distally. Active disease manifests as the presence of cryptitis
and crypt abscesses, which is reflected by neutrophils within
the crypt epithelium and crypt lumen. Significant chronic in-
flammation in the lamina propria is often associated with the
presence of BPC, which refers to the presence of a plasma cell
infiltrate in the lower third of the lamina propria immediately
above the muscularis mucosae and between crypt bases. Basal
plasmacytosis may be observed in all forms of longstanding
colitis and therefore has a high discriminating value for a di-
agnosis of IBD.* Many indices to assess disease activity in
UC have been described, though none are fully validated. The
most widely used histological indices of disease activity in
UC are the Riley Index and the GS. The Riley Index evalu-
ates 6 features (acute inflammatory infiltrate, crypt abscesses,
mucin depletion, epithelial integrity, chronic inflammatory in-
filtrate, and crypt architectural abnormalities).!” The Geboes
Index includes 5 features (architectural change, lamina propria
neutrophils and eosinophils, neutrophils in epithelium, crypt
destruction, and erosion or ulceration).” The GS is the best val-
idated (interobserver variability x, 0.59-0.70) and was therefore
utilized in this study.” A significant deficiency in current his-
tological scoring systems is the lack of inclusion of BPC as a
variable.

In patients with endoscopically quiescent UC, micro-
scopic inflammation has been reported to persist in 16%—100%
of patients. Persistent histological activity in the setting of MH
is therefore common in clinical practice.* The widely varying
reported prevalence of persistent microscopic inflammation in
UC patients with endoscopically quiescent disease relates to
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a number of factors, including the use of differing histolog-
ical scoring systems in studies and the lack of a standardized
definition for persistent microscopic inflammation. A number
of studies have evaluated the association between histological
disease activity and the outcome of endoscopically quiescent
UC. Riley et al. demonstrated that that the presence of an
acute inflammatory cell infiltrate in rectal biopsies was associ-
ated with increased risk of disease relapse.’ In a cohort of pa-
tients with clinically and endoscopically quiescent UC, Bitton
et al. demonstrated that BPC, observed in rectal biopsies, was
associated with a shorter time to disease relapse.!! Bessissow
et al. evaluated the role of microscopic inflammatory activity in
predicting disease relapse in UC patients with endoscopically
inactive disease. The presence of BPC (P = 0.007) and a GS
>3.1 (P = 0.007) were predictive of disease relapse.” A report
by Lobaton et al. evaluated asymptomatic UC patients in en-
doscopic remission (endoscopic Mayo score 0 or 1) undergoing
surveillance colonoscopy and assessed the association between
histological markers and disease outcome. Active histological
inflammation (defined as a GS > 2.1 or >3.1) was demon-
strated to be significantly associated with clinical relapse within

12 months. There was no association between BPC and clinical
relapse demonstrated in this report.® Ozaki et al. included pa-
tients with endoscopically quiescent UC (Endoscopic Mayo 0
or 1) in a study that evaluated the association between histolog-
ical markers and disease relapse. Crypt architectural irregular-
ities and mucin depletion were associated with time to disease
relapse.!? Finally, a report by Calefat et al. examined patients
with UC in clinical and endoscopic remission (endoscopic
Mayo subscore <1) undergoing colonoscopy for dysplasia sur-
veillance. Acute histological inflammatory activity, however
(not BPC), was associated with clinical relapse within the first
year of follow-up.!

In concordance with these previous reports, we demon-
strated that a significant proportion of patients (33%) with en-
doscopically quiescent disease relapse over time. Supporting
the previous observations of Bessisow et al., we demonstrated
an association between the presence of BPC and a shorter time
to clinical relapse. Active histological inflammation, defined as
a GS 23.2, was even more strongly associated with disease re-
lapse. Patients with active histological inflammation have sig-
nificantly greater rates of clinical relapse at 18 months and a
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shorter time to clinical relapse. A novel aspect of this study was
our assessment of the association between histological markers
and other clinical markers of UC progression. The presence
of BPC and active histological inflammation were associated
with a shorter time to corticosteroid prescription in UC, but
not with biologic prescription, UC-related hospitalization, or
colectomy. Our study design provided for the use of the endo-
scopic biopsy with the highest degree of microscopic activity
to generate the GS. In 88% of patients, the endoscopic biop-
sies with the highest degree of activity were located in the left
colon. This finding suggests that a left-sided colonoscopy may
be sufficient to assess for histological activity in the majority of
patients with endoscopically quiescent disease.

We observed female sex and shorter duration of clinical
remission before index colonoscopy to be associated with like-
lihood of clinical relapse. The association between female sex
and risk of UC disease relapse has previously been reported.!*
Although the interaction between female sex and disease ac-
tivity is not well understood, estrogens may play a role, as they
are known to have both suppressive and stimulatory effects on
autoimmune diseases.!® Shorter duration of disease remission
has also previously been demonstrated to be associated with
risk of future disease relapse.!!

This study has a number of strengths. The report is based
on a cohort of well-characterized UC patients, and follow-up
was available for a considerable period of time (mean follow-up,
75.2 months). The biopsies in the study were reviewed in a sys-
tematic fashion by an experienced gastrointestinal pathologist
to characterize histological findings. The limitations of the study
are inherent to its retrospective design. The study cohort was de-
rived from a tertiary referral center specializing in IBD care, and
therefore may not be entirely representative of the general UC
population with endoscopically quiescent disease. Patients were
receiving heterogenous medical therapeutic regimens; however,
this reflects real-world clinical practice. We defined endoscopi-
cally quiescent disease as an endoscopic Mayo score of 0 or 1. It
could be argued that patients with an endoscopic Mayo score of
1 do not have truly endoscopically quiescent disease. The defini-
tion we used, however, has been accepted as a definition for en-
doscopically quiescent disease in expert consensus reviews and
previous UC randomized controlled trials.'® 7 In addition, in a
sensitivity analysis, we found no difference in rates of clinical
relapse comparing individuals with an endoscopic Mayo score
of 0 and 1. Finally, our study design provided for the use of
the endoscopic biopsy with the highest degree of microscopic
activity to generate the GS for a given study subject. It may be
that a more global assessment of histological activity, with as-
sessment of GS from serial endoscopic biopsies and the gener-
ation a mean histology score for the entire colon, is a superior
approach. This limitation of our study should be considered in
future study designs evaluating this question.

It is well established that achieving mucosal healing in UC
is associated with improved long-term outcomes.* The concept
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of histological healing as a therapeutic target in UC is based on
the hypothesis that persistent histological inflammation in UC is
associated with earlier relapse and adverse natural history of the
disease, with increased risk of hospitalization, colectomy, and co-
lorectal cancer.* This study, along with previous reports, provides
support for this concept, demonstrating that histological activity
is associated with increased risk of disease relapse. Further study
is required to determine whether titration of therapy to achieve
histological healing will prolong remission and prevent disease-
related complications.”® Another area where histology markers
may be a valuable tool for clinicians in clinical practice is the iden-
tification of patients with clinically and endoscopically quiescent
disease, in whom therapy de-escalation could be considered.

In conclusion, this report demonstrates that patients
with endoscopically quiescent disease frequently relapse,
highlighting the importance of additional markers of disease
activity in this subgroup of UC patients. In concordance
with previous reports, we demonstrated an association be-
tween histological activity and disease relapse in patients who
have achieved mucosal healing. These findings highlight that
histological markers have utility in the assessment of UC di-
sease activity and can contribute to clinical decision-making,
particularly in patients with endoscopically quiescent disease.
Although further evaluation in prospective studies is required,
histological activity is a marker that provides additional valu-
able information when making therapeutic decisions in patients
with endoscopically quiescent UC.

SUPPLEMENTARY DATA

Supplementary data are available at Inflammatory Bowel
Diseases online.
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