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Abstract

Background: Clinical remission and endoscopic mucosal healing are the main
treatment targets in patients with ulcerative colitis (UC). Recently, the concept of
disease clearance has been proposed as a potential target in UC.

Objective: We aimed to evaluate the impact of disease clearance on long-term
outcomes in UC patients.

Methods: A multicenter retrospective cohort study was conducted at the Human-
itas Research Hospital-IRCCS (ltaly) and at the Nancy University Hospital (France)
between 2014 and 2021. Disease clearance in UC was defined as simultaneous
clinical (partial-Mayo score <2), endoscopic (endoscopic-Mayo score = 0), and
histological (Nancy index = 0) remission, and patients were monitored over a long-
time follow-up (>12 months), to compare the occurrence of negative outcomes.
Results: A total of 494 patients with UC was included in the study (269, 54.4%
males). Disease clearance was present in 109 patients (22.1%) at baseline. Median
follow up was 24 months. Patients with disease clearance were associated to a
significantly lower risk of UC-related hospitalization compared with the control
group (5.5% vs. 23.1%; p < 0.001) at last observation. Similarly, a lower rate of
surgeries was detected in patients with disease clearance at baseline compared with
those without (1.8% vs. 10.9%; p = 0.003). The Kaplan Meier curves confirmed that
patients with disease clearance at baseline had a lower risk of hospitalization (log-
rank p < 0.0001) and surgery (log-rank p < 0.00095).

Conclusion: In UC patients with early disease clearance are at significant lower risk
for hospitalization and surgery. Disease clearance should be considered as a new

composite outcome.
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INTRODUCTION

Over the last years, specific treatment targets have been established
in order to guide therapeutic decisions in patients with ulcerative
colitis (UC).! These include a combination of symptom control and
endoscopic mucosal healing, while histological remission is an addi-
tional goal and its use is limited to the definition of deep healing.?

Up to current, clinical targets correspond to stool frequency and
rectal blood loss normalization.? However, discrepancies between
clinical outcomes and mucosal inflammation were observed, and
patients could either report symptoms while having mucosal and
histological healing or become clinically asymptomatic while showing
endoscopic activity.® Therefore, symptomatic resolution requires to
be associated with objective evidence of absence of inflammation.
Mucosal healing has been proposed as the optimal long-term treat-
ment target,* since absence of lesions at endoscopy is associated
with better long-term outcomes compared to clinical remission alone
and it represents a predictor of improved disease course.’

Macroscopic inactivity of disease might not coincide with histo-
logical healing, and persistence of microscopic activity may lead to an
increased risk of disease progression, relapses, and complications.®”
In parallel, studies assessing the impact of histological normalization
as independent factor for relapse-free survival demonstrated that
patients with microscopic healing had reduced risk of clinical nega-
tive outcomes.? These data indicate that targeting disease remission,
solely based on clinical and endoscopic outcomes, might be insuffi-
cient to avoid disease recurrence and progression, and should
therefore be integrated with histological parameters.

Based on these data, the new ambitious concept of “disease
clearance” has been proposed, as the ultimate target.” This term
defines a state of concurrent clinical, endoscopic, and histological
healing.? The role of disease clearance as an achievable outcome in
the daily clinical practice in patients with UC remain unclear. Hence,
the aim of our study was to evaluate the impact of disease clearance
on long-term negative outcomes in a real-life cohort.

METHODS
Study population

We performed a retrospective, multicenter cohort study to evaluate
the impact of disease clearance on long-term negative outcomes of
UC patients. Data were collected from two centers, including the
IRCCS-Humanitas Research Hospital (Rozzano, Milan, Italy) and the
Nancy University Hospital (Vandoeuvre-lés-Nancy, France) between
January 2014 and March 2021. Ulcerative colitis patients with
established diagnosis of UC for at least 6 months were eligible for
inclusion if they were >18-year-old and had at least one colonoscopy
with biopsies within 16 weeks after any induction therapy with any
drug for active disease according to routine clinical practice. Patients

should have at least a follow up time of >12 months. Moreover, only

Key summary

e Disease clearance is defined as the simultaneous clinical,
endoscopic, and histological remission in patients with
ulcerative colitis (UC).

e Patients with disease clearance experience a significantly
lower risk of hospitalization and surgery compared with
subjects without disease clearance.

e Disease clearance could represent a new treatment
target in UC allowing for a greater disease control and a

reduced risk of complications.

patients with available histological reports of endoscopic biopsies
and clinical data within 1 month of colonoscopy were included. At
least 2 biopsies in the most severely affected area were performed in
all endoscopic procedures. Pediatric patients (<18 years) or subjects
with Crohn's disease or unclassified colitis were excluded.

Data collection

The following demographic and clinical characteristics were extrac-
ted from each patient's electronic medical record: sex, birth date, age
at diagnosis, year of diagnosis, smoking status, UC-related medica-
tions, and clinical/endoscopic/histological data at baseline and during
whole disease course. Disease clearance was defined as simultaneous
clinical (partial-Mayo score <2, with no subscore >1), endoscopic
(endoscopic-Mayo score = 0), and histological (Nancy index = 0)
remission. Negative outcomes such as escalation of medical therapy,
UC-related hospitalization, UC-related surgery, colorectal dysplasia/
neoplasia, and death for any reason were also investigated. Escala-
tion of medical therapy was defined as start of systemic steroids,
immunosuppressants, biologics, or small molecules, dose optimiza-
tion, interval optimization, switch to another drug within or outside
the same drug class. Hospitalization was considered when it was
superior to 3 days and admission to intensive care unit was specified.
Surgical interventions included proctocolectomy, proctectomy, total,
segmental, and subtotal colectomy and for each patient the number
of surgeries was reported. The incidence of high- or low-grade
dysplasia was investigated, distinguishing between lesions resulting

from polyps or flat mucosa.

Statistical analysis

Data were analyzed using Stata (version 11) software. Categorical
variables were described as frequency and percentages. Normally
distributed continuous variables were presented as mean = standard
deviation (SD) while non-normally distributed variables as medians
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(interquartile ranges). Comparison among quantitative variables with
normal distribution was performed using the Student t test and the
Mann-Whitney U test; the Wilcoxon test was adopted to compare
quantitative variables with non-normal distribution. Analyses of
statistical differences among categorical variables were carried out
using the x2 or Fisher exact test, where indicated. Kaplan-Meier
survival curves were created to assess the relapse-free survival
time in patients who achieved disease clearance. A logistic regression
model was used to identify predictive factors of long-term negative
outcomes. Candidate variables were selected by bivariable model.
The effect size was estimated by crude and adjusted odds ratios and
their 95% confidence interval (Cl). In the univariate analysis different
factors were analyzed including histological healing, mucosal healing,
stool frequency and rectal bleeding <3, absence of rectal bleeding,
male sex, age, disease duration, smoking habits, and therapy with
immunosuppressants or biologics. All statistical tests were 2-sided

and p < 0.05 was considered as the statistically significant threshold.

Ethical considerations

The study was approved by the Commission Nationale de I'Infor-
matique et des Libertés (number 1404720).

RESULTS

Baseline characteristics

Baseline characteristics are listed in Table 1. A total of 494 patients
with UC was included (225, 46% female). Over 2000 patients were
excluded due to lack of simultaneous clinical, endoscopic, and histo-
logical data or due to inadequate follow up. The median age at diagnosis
was 41 years (range 18-86). Most patients had an extensive colitis at
diagnosis (233, 47.0%). Fifty-seven percent (n = 283) of patients never

smoked. The most frequently used drugs at baseline were oral 5-ASA

TABLE 1 Patients' characteristics stratified by disease clearance at baseline

Median age (range)
Males
Smoking habits
Never smoked
Active smoker
Former smoker
Family history of IBD
Median disease duration (years)
Montreal classification
E1l
E2
E8
Drug history
Oral 5-ASA
Rectal 5-ASA
Systemic corticosteroids
Rectal corticosteroids
Thiopurines
Methotrexate
Infliximab
Adalimumab
Golimumab
Vedolizumab
Ustekinumab

Tofacitinib

Overall population (n = 494)
41 (18-86)
269 (54%)

283 (57%)
91 (18%)
120 (24%)
45 (9%)
6.0 (0-45)

41 (8%)
220 (45%)
233 (47%)

473 (96%)
168 (34%)
394 (80%)
107 (22%)
240 (49%)
45 (9%)
274 (55%)
114 (23%)
65 (13%)
181 (37%)
12 (2%)
12 (2%)

Disease clearance (n = 109) No disease clearance (n = 385) p value
49 (20-71) 40 (18-86) 0.02
57 (52%) 212 (55%) 0.608
64 (59%) 219 (57%) 0.818
21 (19%) 70 (18%)

24 (22%) 96 (25%)

8 (7%) 37 (9%)

5 (0-36) 9 (0-45) <0.001
10 (9%) 31 (8%) 0.708
50 (46%) 170 (44%) 0.750
49 (45%) 184 (48%) 0.600
107 (98%) 366 (95%) 0.157
34 (31%) 134 (35%) 0.482
68 (62%) 326 (85%) <0.001
17 (16%) 90 (23%) 0.080
55 (50%) 185 (48%) 0.657
11 (10%) 34 (9%) 0.686
44 (40%) 230 (60%) <0.001
30 (27%) 84 (22%) 0.212
13 (12%) 52 (13%) 0.667
18 (16%) 163 (42%) 0.011
2 (2%) 10 (2%) 0.036
4 (4%) 8 (2%) 0.036

Abbreviations: 5-ASA, mesalamine; E1, proctitis; E2, left-side colitis; E3, extensive colitis; IBD, inflammatory bowel disease.
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(473, 96.0%), systemic steroids (394, 80.0%) infliximab (274%, 55.0%),
thiopurines (240, 49.0%), and vedolizumab (181, 37.0%).

Patients' characteristics according to the induction of
disease clearance

After the induction phase, disease clearance occurred in 109 patients
at baseline (22.1%), with a median age of 49 years. There was an
equal distribution by stratifying patients by sex (males 57, 52.3%) and
smoking status (non-smokers 64, 58.7%). Disease clearance was
more frequent in left sided-colitis (50, 45.9%) and pancolitis (49,
44.9%), while a minority was reported in proctitis (10, 9.2%). Instead,
most of the patients without disease clearance at baseline had
extensive colitis at diagnosis (184, 47.8%). Half of the patients in
disease clearance at baseline were treated with thiopurines (55,
50.5%), followed by infliximab (44, 40.4%) and adalimumab (30,
27.5%). Similar results appeared in the non-disease clearance group,
in which 230 patients were treated with infliximab (59.7%), 185 with
thiopurines (48.0%) and 163 with vedolizumab therapy (42.3%).

Long-term negative outcomes

Median follow-up time was 24 months (range 12-77): 33.6 months in
the disease clearance arm and 24.9 months in the no disease clear-
ance group. In this time period, 98 patients (19.8%) required hospi-
talization or underwent surgery because of UC. Of those, 95 patients
(96.9%) were hospitalized at least once (median time to event
5 months), and 44 patients (44.9%) underwent surgery. Mean hos-
pitalization length was 4.88 + 6.25 days. Based on the type of sur-
gery, almost two-thirds of patients underwent total colectomy (27,
61.4%), followed by proctocolectomy (6, 13.6%), segmental colec-
tomy (5, 11.4%), subtotal colectomy (4, 9.1%) and proctectomy (2,
4.5%). About two thirds of patients (322, 65.2%) experienced one or
more strategies of dose escalation therapy, including initiation of
biologics (252, 51.0%) or immunosuppressive agents (127, 25.7%),
dose (32, 6.5%) or interval (110, 22.3%) optimization, and switch (52,
10.5%) or swap (96, 19.4%) to another biological drug. In addition, 25
(5.1%) cases of colorectal dysplasia (23 low-grade and 2 high-grade
dysplasia) and 2 colorectal malignancies (2, 0.4%) were diagnosed.

No deaths occurred during the study period.

Disease clearance and the risk of negative outcomes

In the study population, 109 patients (22%) achieved disease clear-
ance. At last follow-up time, only 7 patients (1%) who achieved disease
clearance experienced hospitalization or surgery compared to 91
patients (18.4%) who did not achieve disease clearance (p < 0.001).
Only 6 patients who achieved disease clearance compared to 89 pa-
tients without disease clearance were hospitalized (5.5% vs. 23.1%,

p < 0.001), and only 2 patients with disease clearance compared to 42

without disease clearance underwent surgery (1.8% vs. 10.9%,
p = 0.003).

Using a more stringent definition of disease clearance (defined as
endoscopic Mayo score = 0, Nancy score = 0, normal stool frequency
and absence of rectal bleeding), 98 patients (19.8%) achieved disease
clearance in the entire study population. At last follow-up time, 6
patients experienced hospitalization or surgery (6.1%), compared to
92 patients without disease clearance (23.2%, p = 0.005). The rate of
hospitalization (90 vs. Five patients, 22.7% vs. 5.1%, p = 0.003) was
significantly higher in those who did not achieve disease clearance, as
well as the rate of surgery (43 vs. One patients, 10.9% vs. 1.0%,
p = 0.012).

Disease clearance and complication-free survival

The survival curve analysis showed that disease clearance was asso-
ciated with significant lower risk of any negative outcomes (hazard
ratio (HR) 0.22,95% C10.10-0.48, p > 0.001), hospitalization (HR 0.20,
95%Cl1 0.09-0.45, p < 0.001), and surgery (HR 0.14, 95%CI 0.03-0.59,
p =0.007). Using the most stringent definition of disease clearance, we
still observed a significant lower risk for any complication (0.32, 0.14-
0.72, p = 0.006), hospitalization (0.27, 95%Cl 0.11-0.67, p = 0.004),
and surgery (HR 0.12, 95%CI 0.02-0.85, p = 0.03). In the Kaplan-Meier
survival curves, patients without disease clearance at baseline had a
higher risk of any negative outcomes (Figure 1), hospitalization
(Figure 2), and surgery (Figure 3) compared with those with disease
clearance at 5-year (log-rank p < 0.0001, log-rank p < 0.0001, and log-
rank p < 0.00095, respectively).

Components of disease clearance and risk for
negative outcomes

The Cox-regression analysis made by splitting each measure of disease
clearance (histological healing, mucosal healing, absence of rectal
bleeding and normal bowel movements) showed that each one of them
was significantly associated with lower risk of any negative outcome,
hospitalization, and surgery (Table 2). At multivariable analysis, his-
tological healing (Nancy score equal to 0) was the only component
associated to significant lower risk of any complication, hospitaliza-
tion, and surgery. The same analysis showed that normalization of
bowel habit was also associated to a lower risk of hospitalization
(Table 2). No impact on long-term outcomes was identified using sex,
age, disease duration, smoking habits, and therapy with immunosup-

pressants or biologics as variables.

DISCUSSION

The concept of disease clearance as a composite target in UC is
relatively new. The achievement of absence of symptoms together

with endoscopic and histological absence of inflammation has never
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Survival curves for Disease Clearance

Based on Kaplan-Meier estmates
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FIGURE 1 Kaplan-Meyer survival curves related to any negative outcomes in patients achieving disease clearance or not

Survival curves for disease clearance based on Kaplan-Meyer estimates
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FIGURE 2 Kaplan-Meyer survival curves related to hospitalization in patients achieving disease clearance or not

been used as a primary outcome in clinical trials. We found that the
achievement of disease clearance within 16 weeks of induction
therapy is significantly associated with lower risk of hospitalization
and surgery in the long-term, and therefore represents an important
target to achieve. It could also have an important impact from an
economic point of view since a reduction in the rate of surgeries and
hospitalizations would result in decreased UC-associated healthcare
costs. This is consistent with studies reporting that median costs for
UC-related hospitalization and surgery were approximately $5000
and $30,000 respectively.1®1? Interestingly, patients who achieved

disease clearance had a shorter duration of disease than those
without (5 vs. 9 years p < 0.001). The reason for this is not known,
but it is reasonable to hypothesize that patients with a long-standing
disease have a more difficult disease to treat. Moreover, early ther-
apy initiation may have an impact on disease control and justify such
finding.

Our data are in line with previous data published in the litera-
ture. Riley et al. pointed out that the presence of acute inflammatory
cells was a risk factor for clinical relapse in UC patients in clinical and

endoscopic remission.?? Narang et al. reported that 32.6% of patients
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Survival curves for disease clearance based on Kaplan-Meyerestimates
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FIGURE 3 Kaplan-Meyer survival curves related to surgery in patients achieving disease clearance or not

TABLE 2 Disease clearance components and risks of negative outcomes

Any negative outcome

Univariable Multivariable

Component HR 95% CI p value HR 95% ClI p value
Normal stool frequency 0.28 0.17-0.46 <0.001 - - -
Absence of rectal bleeding 0.35 0.23-0.53 <0.001 = = =
Mucosal healing 0.32 0.16-0.66 0.002 - - -
Histological healing 0.28 0.17-0.46 <0.001 0.48 0.26-0.90 0.022
Hospitalization

Normal stool frequency 0.26 0.15-043 <0.001 0.47 0.24-0.94 0.032

Absence of rectal bleeding 0.35 0.23-0.54 <0.001 - - -

Mucosal healing 0.29 0.13-0.62 0.002 - - -

Histological healing 0.27 0.16-0.46 <0.001 0.50 0.26-0.94 0.03
Surgery

Normal stool frequency 0.19 0.08-0.46 <0.001 - - -

Absence of rectal bleeding 0.40 0.22-0.75 0.004 - - -

Mucosal healing 0.18 0.04-0.74 0.017 - - -

Histological healing 0.13 0.05-0.36 <0.001 0.22 0.07-0.72 0.01

Abbreviations: Cl, confidence interval; HR, hazard ratio.

in endoscopic remission had evidence of histological activity.
Importantly, microscopic disease activity was associated with
increased risk of negative outcomes and relapses.*® Feagins et al.
showed that the histological activity better predicted clinical flares
compared with endoscopic activity.**

A recent meta-analysis of 17 studies that included patients with

UC in clinical remission concluded that patients in both endoscopic

and histological remission had a 63% lower risk of clinical relapse
compared to patients with persistent microscopic activity.'> More-
over, a higher rate of hospitalization (36.0% vs. 7.1%, p = 0.001) and
surgery (14.0% vs. 0.0%, p = 0.01) was reported in patients with
histological activity compared to those with quiescent microscopic
disease.® Importantly, disease clearance represents a high hurdle to

achieve, and costs and risks of the required therapies must be
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considered. We found that only 22.1% of our patients had disease
clearance after induction therapy. These data are not surprising, as
recent randomized clinical trials showed similar results. The UNIFI
trial showed that approximately 18% of patients treated with uste-
kinumab achieved endoscopic and histological mucosal healing
(defined as Mayo endoscopic score <1 and neutrophil infiltration in
<5% of crypts, no crypt destruction, and no erosions, ulcerations, or
granulation tissue) after 8 weeks of induction therapy.” Moreover, in
the VARSITY trial, the first head-to-head study comparing vedolizu-
mab and adalimumab for the treatment of patients with UC, a higher
proportion of vedolizumab-treated patients achieved disease clear-
ance at week 52 compared to adalimumab (29.2% vs. 16.3%).2%%7 It is
important to underline that the definition of disease clearance in the
VARSITY trial was less stringent than in our study including an
endoscopic Mayo score <1 and a Robarts histologic index <5.

The induction and maintenance of clinical, mucosal, and histo-
logical remission at the same time may represent a promising ulti-
mate therapeutic goal and a starting point for identifying patients
with UC with a negative predictive outcome at baseline. Prospective
studies are needed for the replication and validation of our findings
before our observations can be translated into recommendations for
clinical practice. In this regard, the ongoing VERDICT (Determination
of the Optimal Treatment Target in UC) trial is the first multicenter,
prospective, randomized trial aiming to determine whether using a
treatment target of corticosteroid-free symptomatic plus endoscopic
plus histological remission might be superior to a treatment target of
just corticosteroid-free symptomatic remission, in relation to UC-
associated complications (NCT04259138).

In addition, we found that histological healing represents the
most impacting component of disease clearance in regards of the risk
of negative outcomes in UC. Our analyses clearly showed that his-
tological healing is the best protective factor against hospitalization
and surgery risk compared to clinical remission and mucosal healing.
This is also shown by Gupta and colleagues.” They conducted a
systematic review and meta-analysis including 2677 patients with UC
in endoscopic remission. Histological activity of disease was associ-
ated with an increase in the risk of relapse (odds ratio 2.41; 95% Cl,
1.91-3.04), while histological remission was associated with a better
prognosis independently of endoscopy.

Although histology is the main predictor of outcomes, the
endoscopic activity of disease has a relevant role on the prognosis of
patients and at the same time, the clinical activity has a negative
impact on daily living activities. The achievement of disease clearance
could not only promote better disease control but also have a posi-
tive impact on patients' quality of life.

Our study has several strengths. Firstly, to the best of our
knowledge, this is the first study to analyze negative disease out-
comes of UC during a long follow-up time of at least 1 year. Secondly,
it is a multi-center study, collecting data from a large cohort of pa-
tients, which confers validity and reliability to our results. Moreover,
we used commonly adopted scores to define the items included in the
definition of disease clearance, such as the Mayo clinical and endo-

scopic subscores, which are among the most used in clinical trials and

clinical practice, and the Nancy index, which is a validated score for
the assessment of histological disease activity.2®° Importantly,
although there is no commonly accepted definition of disease clear-
ance, we considered strict values of the aforementioned scores to
determine endoscopic and histological remission (endoscopic Mayo
score = 0 and Nancy index = 0).

We do acknowledge several limitations, including the retrospec-
tive nature of the study. Due to the study design, pre-treatment
baseline data were not available for all patients. However, our study
focuses on the long-term impact of disease clearance, so the missing
data would have added little to our purpose. In addition, few cases of
malignancy were reported, and no cases of death were identified,
preventing us from evaluating an association between histological
activity and the onset of these events. This could be explained by the
duration of the follow-up, which although consistent, was not sufficient

to assess outcomes that generally require more years of observation.

CONCLUSIONS

Early disease clearance in UC patients is associated with lower risk of
hospitalization and surgery. Despite a minority of patients achieve
disease clearance in the short-term after therapies, the long-term
impact on the natural history of the disease appears to be signifi-
cantly better than clinical and endoscopic remission alone. Further
data are needed to understand whether targeting disease clearance
may be cost-effective in the long-term. Large prospective studies
aimed to confirm the positive impact of disease clearance in UC
patients are needed.
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