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ABSTRACT
Background: Clinical and endoscopic remission are treatment targets in ulcerative colitis (UC).
The value of histologic healing in altering clinical outcomes among patients with complete

endoscopic healing is not well established.
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Aims: The aim of this study was to quantify the association between histology activity and

clinical relapse among patients with UC who were in complete endoscopic remission.

Methods: Thissstudy included patients with UC from a prospective registry who were in
complete endoscopic remission. Histologic activity was quantified by a senior gastrointestinal
pathologist:"Histologic activity was defined as lack of normalization (Geboes > 0) as well as
histologically“active disease (Geboes > 2.1 and > 3.1). The primary outcome was clinical relapse
within 2 years. Multivariable regression adjusting for potential confounders examined the

independentipredictive value of histologic changes.

Results: The study included 83 patients (51% women) (median age 44 years; median disease
duration 11 years). Forty-one patients (49%) had complete histologic normalization. Within two
years, 26 patients (31%) experienced clinical relapse. Patients with complete histologic
normalizationwere less likely to experience relapse (5/41, 12%) compared to those without
normalization (21/42, 50%, p < 0.001) (multivariable OR 7.22, 95% confidence interval (CI)
2.48-24.70)by the Geboes score. The individual components of the Geboes score predictive of
relapse were“architectural changes (p=0.03) and increased chronic inflammatory infiltrate (p <

0.001).

Conclusions¥™Complete histologic healing using the Geboes score was associated with reduced

rates of cliniealstelapse among patients with ulcerative colitis in endoscopic remission.

INTRODUCTION

Ulcerative colitis (UC) is a chronic immune mediated gastrointestinal disease that affects
nearly lgmillion Americans.!-? Traditionally, the aim of medical therapy of UC has been relief
from disease-related symptoms of rectal bleeding, urgency, and diarrhea®. However, it is
increasingly recognized that endoscopic resolution of inflammation is a more robust outcome.*¢
Endoscopic healing is associated with reduced need for corticosteroids, clinical relapse, risk of

hospitalizations, surgery, as well as colorectal neoplasia.”-!? While the exact definition of
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endoscopic healing has varied, the treatment target most often recommended has been attainment
of a Mayo endoscopic sub-score of 0 or 14°. However, an emerging body of evidence has
suggested that this definition may be too broad and that short-term and long-term outcomes are
superior with a Mayo endoscopic score of 0 (completely normal mucosa) compared to a score of
1, leading to,the former being termed endoscopic remission and a score of 0 or 1 being termed
endoscopic improyement.!-1? Furthermore, therapeutic intervention among those with a Mayo
score of"l has'been associated with reduced risk of relapse, supporting a more stringent

endoscopic target.!3

Despitgrendoscopically normal appearing mucosa, it is recognized that a sizeable
proportion of patients with UC will continue to have histologic activity.!#?! There are several
studies that have examined whether persistent histologic changes modify long-term
prognosis!>:17-2223 but such studies have several limitations that preclude robust interpretation of
findings. Fist, many prior studies included patients both with an endoscopic score of 0 or 117-23,
As histologieraetivity correlates with endoscopic severity, findings from such studies cannot be
extrapolated'tordefine the impact of histologic activity on prognosis of patients with completely
normal mueesal appearance. Second, studies have retrospectively stratified histologic activity
using varieus definitions and/or did not utilize a validated histologic activity score!”-!. Thus,
whether histologic normalization or persistence of inflammatory infiltrate modifies short- and
medium-term outcomes in patients with UC with a completely normal endoscopic appearance

has not been'fobustly established.

Therefore, in patients with UC with endoscopically normal mucosa (endoscopic subscore
of 0), we aimed to examine if histologic normalization or persistence of inflammatory activity
quantified using.a validated scale of histologic activity was associated with (a) risk of disease
relapse, need for’ UC-related surgery, or hospitalization over the subsequent 2 years; and (b)

concurrent symptoms related to UC.

METHODS
Study Cohort
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This was a single center study based at a tertiary referral IBD center serving the
population of Boston and the surrounding New England area. To be eligible for inclusion,
patients were required to meet the following criteria: (1) established diagnosis of UC according
to standard diagnosis criteria; (2) enrollment in the prospective institutional registry; (3) a
colonoscopy.with complete endoscopic remission defined as a Baron score of 0 (normal mucosa
with no erythema or friability)?*; and (4) clinical follow-up of 2 years. Of all eligible patients,
four were éxcluded (2 with no follow-up information and 2 with a cecal patch or mild right
colonic activity):"We did not require clinical remission as recent studies have demonstrated that
persistent alteration in bowel frequency may remain even with endoscopic and histologic

remission and gsilikely from non-inflammatory changes®.

Clinical Covariates and Outcome of Interest

The primary outcome was clinical relapse within two years from the time of the index
colonoscopy._ This was defined as any change in UC therapy (i.e dose escalation, class change,
and/or needsforsystemic corticosteroids), UC-related hospitalization, or UC-related surgery
within two years. Only dose change or medication alterations for symptomatic exacerbations of
disease with.clinical suspicion for active UC were characterized as relapse. Dose or therapy
change foransurance related reasons or patient preference was not considered relapse. Patients in
whom the colonoscopy was performed explicitly with the intention of de-escalating or ceasing

therapy were excluded. All charts were independently reviewed for the outcome of interest.

Additienal covariates included in the study cohort included age at diagnosis, age at visit,
disease dutation, disease extent, medication use at the time of the study visit, clinical disease
activity as measured by the simple clinical colitis activity index (SCCAI)?$, anxiety and
depression scores as measured by the Patient-Reported Outcomes Measurement Information
System (PROMIS) questionnaires. Current immune modulator use was recorded for either
thiopurine (azathioprine, 6-mercaptopurine) or methotrexate therapy. Current biologic use was
recorded for‘either tumor necrosis factor a antagonists (infliximab, adalimumab, golimumab) or

anti-integrin (vedolizumab) therapy.

Assessment of Histologic Activity
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All histologic specimens from the index colonoscopy were reviewed by a single senior
gastrointestinal pathologist (V.D.) who was blinded to the outcome of interest. The site with the
most histologically active disease was scored according the Geboes score?’. The individual
components of the Geboes score were recorded for each patient: structural (architectural change)
(Grade 0), chzenic inflammatory infiltrate (Grade 1), lamina propria eosinophils (Grade 2A),
lamina propria neutrophils (Grade 2B), neutrophils in the epithelium (Grade 3), crypt destruction
(Grade 4), and"€rosion or ulceration (Grade 5).>’ The expected lymphoplasmacytic infiltrate in
the colonicsegment chosen for review was accounted for when scoring the grade “chronic
inflammatary infiltrate”. We modeled histologic activity as a predictor variable using three
definitions,?® First, patients were classified as having histologically active disease if the Geboes
was > 3.1. According to the second definition, histologically active disease was defined as
Geboes was > 2.1. Finally, histologic normalization was defined as the complete absence of any
histologic inflammatory activity, no increased chronic inflammatory infiltrate, no neutrophils,

and no struetural and architectural change (Geboes score= 0).

While the primary histologic assessment was using the Geboes score, we also examined
the predictive value of the Robarts Histologic Index (RHI)*® and the Nancy Index? in
determiningtisk of relapse. To do so, features from the Geboes score were extrapolated to the
two other indices and total RHI and Nancy scores derived as previously defined?. We compared
the risk of relapse across different strata of the Nancy histologic score. For the RHI, we
examined thepredictive value of each of the separate cut-offs for histologic remission that have
been proposed«(¥ 13!, < 33!, and < 63?) in addition to comparing the total RHI between relapsing

and non-relapsing patients.

Statistical Analysis

The study was approved by the Institutional Review Board of Partners Healthcare. All
patients provided informed consent. Categorical variables are presented as counts and
percentages."Cemparisons between categorical variables were performed using the chi square
test or Fisher exact test, as appropriate. Continuous variables are presented as means +/- standard
deviations or medians +/- interquartile ranges based on normal distribution of the variable.

Comparisons between continuous variables were performed with the student’s t test or Wilcoxon
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rank sum test, as appropriate. First, univariate regression was performed against the outcome of
relapse to identify potentially influential factors. Covariates significant in this analysis at p <
0.05 or those that had been previously determined to be important in predicting relapse were
included in a final multivariable model that examined the independent effect of histologic
changes. A twe-sided p-value < 0.05 indicated independent statistical significance. A receiver
operating curve(ROC) was constructed for the final model and the area under the curve (AUC)
was calculated™We repeated the analysis using Cox regression models and plotted a Kaplan-
Meier curve of time to relapse stratifying by histologic normalization or activity. Analysis were
performediin R (version 3.5.3) using RStudio, version 1.1.456, and Stata 13.2 (StataCorp,
College StationyIX).33-35 The “yardstick” package was used for ROC construction and AUC

calculation.3¢

RESULTS
Study Cohert

Thereiwere a total of 811 patients with UC in the prospective institutional registry. There
was equal distribution of men and women (50% men, 50% women) with a median age of
diagnosis of.i27 years. Most patients had pancolitis (55%) with 66% exposed to immune
modulatorssand 39% exposed to anti-TNF therapy. The included study cohort was comparable to
the full registry cohort in terms of study demographics and disease extent (26 years vs 27 years;
49% male vs 50% male; 55% with pancolitis vs 55% with pancolitis) but had less frequent use of
immune modulators (41% vs 66%) and anti-TNFs (30% vs 39%). In the final study cohort, there
were a total'ef:83 participants with UC who met the specified inclusion criteria. The median
disease dutation was 11 years. About half the patients with complete endoscopic remission
(endoscopic sub-score of 0) demonstrated complete histologic normalization by the Geboes score
(n=41, 49%)..A. total of 20 patients (24%) and 27 patients (33%) met the criteria for
histologically.active disease defined using a Geboes score of > 3.1 and > 2.1a respectively.
Interestinglygfewer patients on biologic therapy had histologically active disease, as defined by a

Geboes score=,3.1 (11% vs 31%, p=0.08); though this did not reach statistical significance.

Over a follow-up of 2 years, the primary study outcome (disease relapse) occurred in 26

patients (31%). Among the patients who relapsed, 1 required surgery, 3 required hospitalization
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for a flare of their UC, 16 were initiated on systemic steroids, 11 were started on topical therapy,
4 required new initiation of biologic therapy, 3 changed their biologic agent due to loss of
response, and 2 additionally had a dose increase of their thiopurine. Only two patients de-
escalated therapy_after the index colonoscopy — one stopped mesalamine and the other stopped
an anti-TNE.Beth relapsed of which one had complete histologic normalization at baseline while
the other had histologically active disease. Exclusion of these two patients from the analysis did
not alterour findings. Clinical symptoms, defined as an SCCAI > 2, were present in 19 of 81
patients assessed at the time of colonoscopy (23%) despite complete endoscopic remission.
Patients who experienced clinical relapse within two years of histologic evaluation were similar
in demographieseharacteristics compared to those who did not relapse (Table 1). Age at
diagnosis (27 vs25 years, p=0.78), disease duration (14 vs 10 years, p=0.11), gender (p=0.34),
and race/ethnicity (p=0.59) were not significantly different between those who relapsed
compared to those who did not. There was also no difference in current use of immune

modulators (p=1.00) or biologics (p=0.52) between the two groups.

Histologic changes and relapse

Patients with complete histologic normalization by the Geboes score were less likely to
experiencerelapse (12%) compared to those without (50%, p < 0.001) (Figure 1). In contrast,
histologic activity as assessed by a Geboes score of > 2.1a (44% vs 25%, p=0.12), > 2.1b (38%
vs 29%, p=0.62) and > 3.1 (40% vs 28%, p= 0.49) were not significantly associated with risk of
relapse (Table2). The percentage of patients with clinical relapse was higher in all groups with
higher Geboessscores, however. (Figure 2). Two subcomponents of the Geboes score
demonstrated significant associations with risk of clinical relapse within two years. (Table 3)
The strongest association was observed with the presence of increased numbers of chronic
inflammatory.cells (p<0.001) with more patients who had clinical relapse having a mild (65% vs
23%) or moderate increase (15% vs 5%). Most patients with no clinical relapse within two years
had no increase in chronic inflammatory infiltrate (65%). The second significant association with
clinical relapse,occurred with the presence of architectural changes (p=0.03). More patients who
experienced clinical relapse within two years had a mild abnormality (31% vs 10%) or mild-
moderate diffuse or multifocal abnormalities (8% vs 3%). Most patients in the group who did

not experience clinical relapse within two years had no abnormality (86%). The presence of
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lamina propria neutrophils (p=0.69) and/or eosinophils (p=0.08) were not statistically significant
between those who relapsed and those who did not. There was also no difference between groups
in the presence of neutrophils in the epithelium (p=0.35) or crypt destruction (p=0.59). A
Kaplan-Meier survival curve describing time to relapse similarly demonstrated a lower
frequency of.and longer time to relapse among those achieving complete histologic
normalization (log-rank p=0.0002) but not when stratifying by histologic activity at a cut-off of
Geboes 3.1(p=0"52) (Figure 3).

Multivariable predictors of relapse

Lack of'eomplete histologic normalization by the Geboes score was predictive of clinical
relapse at two years (OR 7.22, 95% CI 2.48-24.70) when controlling for disease duration, current
biologic use, andiage at time of the visit (Table 4). Age at visit (OR 0.99, 95% CI 0.96-1.04), ,
disease duration (OR 1.03, 95% CI 0.97-1.08), and biologic use (OR 0.75, 95% CI 0.24-2.28)
were not predictive of clinical relapse within two years. The ROC curve demonstrated good
predictive ability of the Geboes score to discriminate the outcome of interest, clinical relapse,

with an AUC of0.78 (Figure 4).

Predictivesmodels using the Robarts Histologic Index and Nancy Scores

We examined whether the RHI or Nancy score while in endoscopic remission predicted
relapse. The distribution of the Nancy index in the cohort is presented in Supplemental Table 1.
There was no'Statistically significant difference in rates of relapse across the Nancy histologic
scores, with'relapse rates ranging from 25% (2 out of 8 patients) with a Nancy score of 3 and
50% (1 out of 2 patients) with a Nancy score of 1. There were no patients with a Nancy score of
4. The rates of relapse in those with a Nancy score of 0 (28%) was similar to those with a score >
1 (39%, p=0.34)..The RHI in our cohort ranged from 0 to 13 (median 1, IQR 0-4). The mean
RHI in patients who relapsed (2.23+2.57) was similar to those who did not relapse (1.72+3.18)
(p=0.47). Diehotomizing histologic remission using the cut-offs of < 13! (39% vs 28%, p=0.34),
<331 (38% v8.29%, p=0.44), and < 632 (25% vs 32%, p=0.69) did not reveal any significant

associations between RHI and risk of relapse.

Association between histologic changes and disease symptoms
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Sixty-two patients (77%) were in clinical remission. No difference was observed in total
SCCALI score between those who had histologic activity as defined by a Geboes > 3.1 (p=0.17) or
lack of complete histologic normalization (p=0.60). There was also no difference in individual
symptoms by histologic activity. Specifically, when histologic activity was defined as a Geboes
score of > 3.luthere was no difference in fecal urgency (20% vs 35%, p=0.27), general well-
being (15%ws 27%, p=0.37), blood in the stool (15% vs 8%, p=0.39), daily bowel frequency
(0% vs 0%, P==0.33), or nocturnal bowel frequency (0% vs 2%, p =1.00) between the two
groups. (Supplementary Table 2) Similarly, there was no difference in any of these symptoms
between those who had complete histologic normalization and those who did not.

(Supplementary, Table 3)

DISCUSSION

The treatment target in UC has evolved from symptomatic remission to endoscopic
remission With the recognition that persistent endoscopic inflammatory activity even in the
absence of symptoms is associated with worse long-term outcomes*®. However, the recognition
that histologic activity persists even in a significant subset of patients with complete endoscopic
normalizatien has led to consideration of histologic healing as the optimal therapeutic target>%37.
However,studies of histologic activity have been either cross-sectional in examining
associations with symptoms?3, used non-validated retrospective assessments of histologic
activity!’, or did not examine longer-term outcomes. Further, few studies have attempted to
define the optimal histologic target necessary for modifying future disease course and whether
this differs fromi'that used for assessing therapeutic response to pharmacologic intervention3-3.
In this study, using blinded expert histologic assessments in patients with UC in complete
endoscopic.remission, we demonstrate that complete histologic normalization with absence of
structural /architectural features rather than resolution of active inflammatory infiltrate was
associated with.reduced future risk of relapse. These results may suggest incremental benefit in
attaining histelogic remission in UC and further suggest that features that discriminate
therapeutic effect may be different than those required to alter disease course. However,
attainment of histologic remission is still infrequent with the existing therapies, and while our

study may provide prognostic information to clinicians when faced with a discrepancy between
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histologic activity and endoscopic remission, there are still insufficient data to recommend

histologic healing as a necessary therapeutic target in all patients.

A few prior studies have evaluated the impact of histologic disease activity on clinical
outcomes inUE. A large retrospective cohort by Christensen ef al. demonstrated that histologic
normalization was beneficial even in those with endoscopic remission, but histologic activity
was not ‘assessed using validated scoring systems!”. Of those that have used histologic scores,
most have relied’on the Geboes score. Several have used a Geboes score with a threshold of >
3.1 to define histologic activity.!>21:4041 Bessissow et al. retrospectively evaluated the role of
histologic disease activity on clinical relapse within 12 months among 75 patients with UC who
had Mayo 0"éndoscopic disease.!> The authors found that a Geboes > 3.1 and basal
plasmacytosis were associated with relapse on univariate analysis but only basal plasmacytosis
was associated with relapse on multivariate analysis. Zenlea et al. evaluated the role of histology
as a predictor of clinical relapse in UC among patients who were in clinical remission.?! The
authors found that Geboes > 3.1 was associated with clinical relapse on both univariate and
multivariate*analysis. Our study expands upon previous findings by showing that histologic
activity wassassociated with clinical relapse among a larger group of patients in complete
endoscopierémission and expands the histological analysis to include derived RHI and Nancy

histology indices.”

A systematic review and meta-analysis performed in 2016 investigated the available data
in this area tondetermine the association between histologic healing and relapse.!# The authors
found that histologic remission was associated with reduced risk of relapse (relative risk 0.48).
Furthermore, absence of neutrophils in the epithelium, neutrophils or eosinophils in the lamina
propria, crypt.abscesses, and chronic inflammatory cell infiltrates were all associated with lower
risk of clinical.relapse. One explanation of the heterogeneity in previous findings including
association.between histologic remission and relapse in prior studies is inclusion of patients with
endoscopic seore 0 or 1. However, one limitation of this analysis is pooling together of patients
across a spectrum of endoscopic activity. Patients with endoscopic subscore of 1 are more likely
to have histologic disease activity and also more likely to relapse, raising the possibility of

confounding in the prior studies. With increasing acceptance of endoscopic subscore 0 as the
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treatment target for endoscopic remission and strong correlation between histologic and
endoscopic activity, it is important to robustly examine the additive benefit of histologic
inflammation or normalization in this subpopulation rather than in a more heterogenous group of
patients with broadly varying endoscopic activity. In our study, larger than these prior two and
with a longer.duration of follow up, we did not detect an association between histologically
active disease and clinical relapse using various Geboes thresholds, the RHI, or Nancy index.
Howevef, interestingly, resolution of chronic architectural distortion was one of the two features
in the Geboes'score that was most predictive of relapse and this characteristic is not a part of the
RHI or Nancy index. This finding intriguingly suggests that perhaps histologic changes that
modify diseasereourse (like relapse) are different from those that can measure therapeutic
response to an intervention (like RHI or Nancy score). This merits further examination in future

prospective studies.

There are several strengths of this study. First, all patients had extensive data available
for review given that they were followed as part of a prospective registry. This allowed us to
examine associations between symptoms at the time of the endoscopy and biopsy collection as
well as have.up to date information on current medication use at the time of endoscopy. Second,
histologic.specimens were reviewed by a senior gastrointestinal pathologist who was blinded to
the outcome of interest. This limited the potential for observer bias. Third, we used the Geboes
score for primary histologic assessment but also included RHI and Robarts. To our knowledge,
ours is the first'study to simultaneously examine all three scoring systems to predicting relapse.
The Geboes'seote is a comprehensive histologic scoring system which evaluates both acute and
chronic inflammatory changes in addition to architectural distortion. This score has been shown
to have good concordance with other histologic scoring systems in inflammatory bowel disease
including the Robarts score and the Nancy Index.?® Further, the comprehensiveness of the
Geboes score.allowed us to evaluate several thresholds to score histologic activity as well as
transpose to.dérive RHI and Nancy histology indices. Finally, we isolated the impact of
histologic activity on the outcome of clinical relapse by defining endoscopic remission using a
strict threshold, which was a Baron score of 0. By excluding a Baron score of 1, we could
evaluate an extremely well controlled group of patients and isolate the impact of histology on

relapse in this group.
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We readily acknowledge some limitations of this work. First, there was a relatively small
sample size which may have limited power for statistical analyses. Despite this, ours remains one
of the largest to examine the value of histologic activity on medium-term natural history in
patients with.lC in complete endoscopic remission. We did not have sufficient numbers to
examine the predictive value of histology within subgroups of patients by disease extent or
existing freatments. One such consideration would be the influence of steroids prior to
colonoscopy which could bias towards increased histologic healing. However, if there were a
transient steroid exposure (due to a recent flare) resulting in histologic healing, this would be
expected bias the population with healing towards a higher rate of relapse in the future (and lack
of significanée between groups) which we did not see. Second, histologic assessment was
performed by ong expert gastrointestinal pathologist. A recent study by Romkens, et al
highlighted a concern for reproducibility in histologic scoring but this was most notable between
general and\.expert gastrointestinal pathologists, which was not the case for this study which
utilized expertreview only.*> However, future studies would benefit from incorporation of more
than one expert:GI pathologist to arrive at consensus histologic assessments as well as repeat
assessments:by an individual pathologist to look at intra-rater consistency in scoring. Third, these
data showed™o association between active inflammatory infiltrate and subsequent risk of relapse
which has been shown in previous studies. We hypothesize that this was most likely secondary to
the small numbers of those with active inflammatory infiltrate at the time of colonoscopy (less
than a thirdsofthe patient cohort) limiting statistical power. Fourth, we used clinically
meaningful'endpoints including relapse, hospitalization, and surgery. However, structured
disease activity assessments using validated scores were not available systematically following
the index examination. Future studies should be prospective with a systematic algorithm for
evaluation and.confirmation of symptomatic flares. Overall, the small sample size, small event
rate in the Geboes 0 group, and retrospective nature of the design are important limitations of
this study, However, this work offers the most comprehensive evaluation of the association

between histoelegic healing and medium-term ulcerative colitis outcomes to date.

In conclusion, histologic normalization, but not resolution of inflammatory infiltrate, was

associated with a reduced risk of clinical relapse within two years of endoscopic remission
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among patients with ulcerative colitis. The value of histologic remission as a therapeutic target in
IBD continues to evolve. While mucosal and clinical remission remain as dual endpoints in
therapeutic-decision making, the ability to achieve deeper remission with complete histologic
healing may not be achievable in all patients.3®4>4 Our findings highlight the importance of
consensus definitions across studies regarding the definition of histologic remission and
establishment of relevant cut offs not just for therapeutic response but also to modify long-term

history of dis€ase to optimize patient outcomes.
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Table 1. Characteristics of Study participants based on relapse status within 2 years of

index examination

Clinical No Clinical
Relapse Relapse p value
(n=26) (n=57)
Age at Diagnosis 27.5+/-153 25 +/- 20 0.78
Age at Visit 44.5+/-19.3 43 +/- 23 0.57
Disease Duration 14.5+/- 12 10 +/-9 0.11
Gender 0.34
Male 10 (38.4%) 30 (52.6%)
Female 16 (61.5%) 27 (47.4%)
Race 0.59*
White | 24 (92.3%) 55 (96.5%)
Non-white 2 (7.7%) 2 (3.5%)
Pancolitis 1.00
Yes 14 (53.8%) 32 (56.1%)
No 12 (46.2%) 25 (43.9%)
Current Immune Modulator 1.00
Yes 11 (42.3%) 23 (40.4%)
No 15 (57.7%) 34 (59.6%)
Current Biologic 0.52
Yes 7 (26.9%) 21 (36.8%)
No 19 (73.1%) 36 (63.2%)
Current Steroid 0.59*
Yes 2 (7.7%) 2 (3.5%)
No | 24 (92.3%) 55 (96.5%)

* Fisher’s Exact test
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Table 2. Association Between Histologic Activity and Clinical Relapse, By Geboes Score

Classification

Clinical No Clinical
Relapse Relapse Vall)ue
(n=26) (n=57)
Lack ofrnormalization (Geboes > 0) <0.001
Yes 21 (50%) 21 (50%)
No 5 (12%) 36 (88%)
Geboes > 2:1a 0.12
Yes 12 (44%) 15 (56%)
No 14 (25%) 42 (75%)
Geboes > 2.1b 0.62
Yes 8 (38%) 13 (62%)
No 18 (29%) 44 (71%)
Geboes > 3.1 0.49
Yes 8 (40%) 12 (60%)
No 18 (28%) 45 (72%)
Table 3. Components of the Geboes Score by Clinical Relapse Within Two Years of
Colonoscopic evaluation among Patients with Ulcerative Colitis
Clinical No Clinical
Relapse Relapse p value
(n=26) (n=57)
Structural(Architectural Change) 0.03
No abnormality | 16 (61.5%) 49 (86%)
Mild Abnormality 8 (30.8%) 6 (10.5%)
Mild or moderate diffuse or multifocal abnormalities 2 (7.7%) 2 (3.5%)
Severe diffuse or multifocal abnormalities 0 0
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Chronic inflammatory infiltrate

<0.001*

No increase | 5 (19.2%) 37 (64.9%)
Mild but unequivocal increase | 17 (65.4%) 13 (22.8%)
Moderate increase | 4 (15.4%) 3(5.3%)
Marked increase 0 4 (7%)
Lamina Propria neutrophils and eosinophils
2 A: Eosinophils 0.08*
No increase | 16 (61.5%) 47 (82.4%)
Mild but unequivocal increase | 7 (26.9%) 9 (15.8%)
Moderate increase 1 (3.8%) 0
Marked increase 2 (7.7%) 1 (1.8%)
2B: Neutrophils 0.69*
None | 26 (100%) 53 (93%)
Mild but unequivocal increase 0 3(5.3%)
Moderate increase 0 1 (1.7%)
Marked increase 0 0
Neutrophils‘in“the epithelium 0.35%
None | 18 (69.2%) 45 (78.9%)
<5% crypts involved | 6 (23.1%) 6 (10.5%)
<50% crypts involved 1 (3.8%) 5 (8.8%)
>50% crypts involved 1 (3.8%) 1 (1.8%)
Crypt destruction 0.59*
None | 24 (92.3%) 55 (96.5%)
Probable=ocal excess of neutrophils in part of crypt 2 (7.7%) 2 (3.5%)
Probably - marked attenuation 0 0
Unequivocal crypt destruction 0 0
Erosion or Ulceration N/A
No erosion, ulceration, or granulation tissue | 26 (100%) 57 (100%)
Recovering epithelium + adjacent inflammation 0 0
Probable erosion — focally stripped 0 0
Unequivocal erosion 0 0
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Ulcer or granulation tissue 0 0

* Fisher’s Exact test

Table 4. Multivariable Logistic Regression Evaluating Predictors of Clinical Relapse at

Two Years

Odds Ratio 95% CI p-value
Lack of Complete Normalization** 7.22 2.48-24.7 <0.001
Disease Duration 1.03 0.97-1.08 0.38
Current Biologic Use 0.75 0.24-2.28 0.68
Age at Visit 0.99 0.96-1.04 0.93

**Complete histologic'normalization indicates a Geboes 0

Figure 1. Percentage of Patients with Clinical Relapse within Two Years of Endoscopy by
Histologic:-Nermalization (Geboes score 0: 5/41, 12%, Geboes Score >0: (21/42, 50%)

* Clinical Relapse: Defined as Need for Therapy Escalation, Surgery, and/or Hospitalization

Figure 2. Percentage of Patients Who Have Clinical Relapse by Geboes Score Threshold
Within 2 Years of Endoscopy

Figure 3: Kaplan Meier curve of time to relapse in patients with ulcerative colitis in
endoscopieremission stratified by (a) complete histologic normalization (Geboes=0; n=41);

and (b) histolegic activity (Geboes > 3.1; n=20)

Figure 4. Accuracy of histologic normalization in predicting Clinical Relapse in patients

with ulcerative colitis in endoscopic remission (Area Under the Curve = (.78)
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