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Abstract

Background—Requirement for hospitalization in ulcerative colitis (UC) is a marker of severity
of disease. However, the paradigm of when to escalate therapy in such patients and the benefits of
early immunomodulator initiation is less well established.

Aim—To examine the benefits of early therapy escalation in immunosuppression-naive patients
hospitalized with severe ulcerative colitis responsive to steroids.

Methods—We identified hospitalized UC patients who were immunosuppression naive at index
hospitalization and responded to intravenous steroids, not requiring medical or surgical rescue
therapy. The ‘therapy escalated’ group comprised of those who were initiated on
immunomodulators within 3 months of hospitalization. Need for colectomy at 12 months were
compared to the ‘not escalated’ group who remained on non-immunosuppressive therapy.

Results—Among 133 immunosuppressive naive patients hospitalized for ulcerative colitis, 13
(9.8%) who responded to intravenous steroids and did not require rescue therapy underwent
colectomy by 1 year. Among 123 patients who escalated to either immunomodulators (n=46, 37%)
or remained on non-immunosuppressive therapy (92% on 5-ASA), there was no difference in the
need for colectomy at 1 year (10.8% vs. 7.8%; multivariate OR 1.29, 95% CI 0.35-4.74). There
was also no difference in the time to colectomy between the two groups (p=0.55).

Conclusion—Immunosuppression-naive ASUC patients who respond to intravenous steroids
remain at risk for colectomy. Immunomodulator initiation by 3 months did not reduce risk of
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colectomy at 1 year. There is an important need for need for prospective studies identifying
thresholds for therapy escalation in UC.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic idiopathic inflammatory condition of the colon, affecting
nearly 1 million individuals in the United States and many more worldwidel. While the
disease course may be characterized by mild-to-moderate symptoms and infrequent flares in
many, approximately 18%-25% of the patients will develop severe exacerbation requiring
hospitalization known as acute severe ulcerative colitis (ASUC), often within the first year
of diagnosis2. Intravenous corticosteroids are the mainstay of treatment of ASUC, and are
effective in improving symptoms in nearly two-thirds of patients3. Approximately one-third
will not respond to systemic steroids and will require either medical rescue therapy with
infliximab or cyclosporine or will undergo surgery with approximately 20-30% of patients
undergoing the latter*=. Therapeutic options for the management of UC include 5-
aminosalicylate derivatives, immunomodulators such as thiopurines (azathioprine, 6-
mercaptopurine), anti-tumor necrosis factor a biologics (anti-TNF; infliximab, adalimumab,
golimumab), and an anti-integrin (vedolizumab). Each of these agents have demonstrated
efficacy in inducing or maintaining remission in UC and are widely used’-19, Few direct
head-to-head comparisons exist; a single randomized controlled trial showed infliximab to
be superior to azathioprine in moderate-to-severe ulcerative colitis'l. However, systemic
immunosuppression is also associated with rare but serious adverse effects including
infections and therapy-related malignancies'2-14,

The optimal therapeutic algorithm for the management of UC remains to be robustly
established with a strong evidence base. Crohn’s disease (CD) is widely recognized as
resulting in progressive bowel damage over time!:16, Landmark clinical trials in CD have
demonstrated that early initiation of effective therapy, particularly anti-TNF biologics, are
associated with superior rates of clinical remission, mucosal healing, and improved long-
term outcomel’18, Consequently, and recognizing the lack of efficacy of non-
immunosuppressive therapies like amino-salicylates in this disease, many recommend early
effective immunosuppression to prevent long-term bowel damage. In contrast, the concepts
of cumulative irreversible bowel damage and the benefit of early effective
immunosuppressive therapy remain to be robustly established in UC. Additionally, the
established efficacy of a class of non-immunosuppressive therapies, namely the 5-
aminosalicylates, in UC raises a genuine debate regarding the appropriate timing for
‘stepping-up’ and initiating immunosuppression in UC. Prior studies have demonstrated that
hospitalization represents a marker of disease severity and poor prognosis in UC1920, We
hypothesized that immunosuppression-naive patients hospitalized for severe ulcerative
colitis are at high risk for poor outcomes and would benefit from early initiation of
immunomaodulator therapy.
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The aims of our study were as follows: (1) to examine the long-term outcomes of
immunosuppression-naive patients hospitalized for severe ulcerative colitis who respond to
intravenous corticosteroid therapy and avoid need for medical or surgical rescue while in-
hospital; and (2) to determine if initiation of immunomodulator therapy following
hospitalization is associated with superior outcomes and reduction in need for colectomy at
one year.

Study Population

This was a retrospective observational cohort study of patients hospitalized for a diagnosis
of ASUC at Massachusetts General Hospital (MGH), a tertiary referral center for IBD
serving the greater Boston metropolitan area and surrounding New England. We searched
the Partners Research Patient Data Registry (RPDR) for all patients hospitalized with a
diagnosis of UC using the International classification of Diseases, 9th edition, clinical
modification (ICD-9-CM) code 556.x. The RPDR is a comprehensive data warehouse of all
patients receiving inpatient or outpatient care at MGH or any of the other Partners healthcare
affiliated hospitals. It is continually populated with information from administrative sources
including billing, radiology, endoscopy, in-patient stays and procedures?l. Manual chart
review of all patients by two study investigators (AV and LX) was performed to identify
patients who met the following criteria: (1) first hospitalization for an acute exacerbation of
UC at our hospital; (2) received intravenous corticosteroid therapy; and (3) were
immunosuppression-naive (no prior immunomodulator or biologic use) at hospitalization.
Patients who were refractory to intravenous corticosteroids and initiated medical rescue
therapy with cyclosporine or an anti-TNF biologic or underwent surgery during the index
hospitalization were excluded (Figure 1).

Exposure, variables and outcomes

Several relevant covariates were extracted upon record review including age, gender, disease
extent per the Montreal classification and disease duration. Information on past maintenance
therapy for IBD was obtained including prior use of oral or topical 5-aminosalicylates
(mesalamine, balsalazide, olsalazine, sulfasalazine), and steroids (prednisone, budesonide).
As a measure of severity of the episode, data were extracted about baseline laboratory values
within 24 hours of admission including hemoglobin, albumin, white blood cell (WBC)
count, platelet count, C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)
when available. For patients who underwent a sigmoidoscopy, severity of disease was noted
and classified as severe in the presence of ulcers, bleeding and spontaneous friability.

The initial analysis examined long-term outcomes of all immunosuppression naive
hospitalized UC patients. We then specifically compared outcomes of patients who were
initiated on immunomodulator therapy (azathioprine, 6-mercaptopurine, methotrexate)
within 3 months of hospitalization to those who were not escalate. We selected the above
time window to ensure that therapy initiation was based on the index hospitalization and did
not reflect subsequent relapses. The main study outcome was colectomy within one year of
admission. Secondary outcomes include late colectomy defined as those occurring between
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90 and 365 days after the index hospitalization, and re-hospitalization within one year. For
this analysis, we excluded patients who were initiated directly on biologic therapy following
discharge as there were too few patients to robustly examine the impact of this treatment on
the rate of colectomy.

Statistical Analysis

RESULTS

All data were analyzed using STATA 13.1 (Stata Corp, College Station, Tx, USA).
Continuous variables were summarized using means and standard deviations and compared
using a t-test or Wilcoxon Rank-sum test where appropriate. Categorical variables were
expressed as proportions and compared using the Chi-squared test or fisher exact test where
appropriate. Univariate logistic regression models were used to identify factors associated
with colectomy at 1 year. Subsequent multivariable logistic regression models using
stepwise backward elimination were used to identify the independent association between
therapy escalation and colectomy. Variables significant on univariate analysis at p < 0.1 or
those that had published data supporting an association with colectomy were selected for
inclusion in the multivariable model. A two-sided p-value < 0.05 indicated independent
statistical significance.

As decision to escalate therapy was non-random and at the discretion of treating physicians,
propensity score adjustment was performed to minimize the effect of such treatment group
allocation. A propensity score was estimated using logistic regression analyses with
escalation to immunomodulator therapy as the outcome of interest, and disease extent, serum
albumin, hemoglobin, prior 5-ASA exposure, and endoscopic severity as relevant covariates.
CRP was not included for calculation in the propensity score given missing admission values
in a subset of the cohort. Similar propensity score adjustment was conducted for our
secondary outcomes. Kaplan Meier curves were constructed to compare differences in time
to colectomy between the two groups and the log rank test was used to estimate statistical
significance of such a difference. Institutional Review Board approval was obtained from the
Partners Healthcare Human Subjects Research Committee.

Cohort characteristics

A total of 185 immunosuppression-naive patients with ASUC who received intravenous
steroids were hospitalized during the study period. Among this 52 (28%) patients failed
intravenous steroid therapy and required medical or surgical rescue therapy during the index
hospitalization and were excluded. Among the remaining 133 patients, 13 underwent
colectomy during the 1 year following hospitalization (9.8%). Ten patients who were
initiated on biologic therapy immediately following hospitalization were then excluded,
leaving 123 patients in our cohort to compare the outcomes of those who were initiated on
immunomodulator therapy to those who were not. Of these, 46 patients were initiated
therapy with an immunomodulator within 3 months and comprised the escalated group. The
remaining 77 patients who did not escalate therapy (“not escalated”) comprised the control
population.
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Table 1 compares the characteristics of the two groups. The median age, gender distribution,
and duration of UC was similar between the two groups. Just over half the study population
were women, and nearly half had been diagnosed within the past year. A similar proportion
of patients in each group had pancolitis which was the most common extent of disease.
Among patients who underwent an endoscopic examination of the colon, nearly half in each
group were considered to have severe disease characterized by ulceration and spontaneous
bleeding. A total of 37 patients (80%) in the escalated group and 45 patients (60%) in the
not escalated group were currently or had previously been on a 5-ASA agent prior to the
index hospitalization. There was no difference in the mean hemoglobin, albumin, WBC
count or ESR between the two groups. Patients who were escalated had higher baseline CRP
at hospitalization (91.7 mg/dL) compared to those who were not escalated (37.8mg/dL,
p=0.02). Nearly all (92%) of patients in the not escalated group were maintained on 5-ASA
therapy (2.4 — 4.8g/day of mesalamine or equivalent) following the hospitalization. A small
minority used alternative non-pharmacologic therapy or were on no treatment following the
taper of the prednisone.

Among the 123 patients in this cohort, 11 underwent colectomy at 1 year (8.9%). There was
no statistically significant difference in the risk of colectomy among those who escalated
therapy (10.8%) compared to those who did not (7.8%, p=0.56). On multivariable analysis
adjusting for disease duration, pancolitis and prior 5-ASA exposure, therapy escalation was
not associated with a reduction in the risk of colectomy by 1 year (OR 1.29, 95% ClI
0.35-4.74, p=0.71). We repeated our multivariable analysis including an adjustment for a
propensity score estimating likelihood of therapy escalation based on characteristics at
admission and prior to hospitalization. In this analysis, inclusion of the propensity score in
our multivariable model did not alter our results and therapy escalation was not associated
with a significant reduction in risk of colectomy (OR 1.12 95% CI 0.22 - 5.53, p=0.68).
Patients who were escalated had a higher risk of re-hospitalization within one year (OR 2.18
95% ClI 1.17 — 4.08, p=0.01) but no difference in risk of late colectomy between 90 and 365
days following discharge (OR 0.53, 95% CI 0.15-4.29, p=0.93). Kaplan Meier survival
curves demonstrated similar time to colectomy between both the escalated and not escalated
groups (Figure 2) (log-rank test p-value =0.55)

DISCUSSION

Robust definition of thresholds for stepping-up treatment of immunosuppressive-naive
patients with UC is an important clinical need. In Crohn’s disease, the concept of permanent
irreversible bowel damage is well recognized and the benefit for early biologic therapy has
been robustly demonstrated in clinical trials. In contrast, both these questions remain a
matter of debate in UC. In a large cohort of immunosuppression-naive steroid responders
with ASUC, we demonstrate there is a significant risk of colectomy (~10%) at 1 year even in
patients who were responsive to steroids, supporting the recognition of this population as
being at high risk. However, initiation of immunomodulator therapy within 3 months of
hospitalization did not reduce the need for colectomy at 1 year. This suggests need for
further study to identify clinical and biologic predictors that would optimally inform the
threshold for therapy escalation in UC, as well as the need to define optimal therapy in this
cohort of high-risk patients.
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The first key finding from our study is that even among steroid-responsive patients with UC,
there is a one-in-ten likelihood of colectomy at 1 year after hospitalization. Several prior
studies, most with smaller sample sizes, have described long-term outcomes following
hospitalization for UC. A single center study of 103 hospitalized UC patients suggested that
20% of those requiring hospitalization eventually required colectomy but did not separately
examine outcomes in those who were immunosuppression naive or did not require inpatient
colectomy?0. Long-term outcome of the Oxford severe colitis cohort demonstrated that
16/32 (50%) complete or incomplete responders to corticosteroid therapy eventually
required colectomy at a median of 28 months after hospitalization!®. Within 1 year
following the index hospitalization, 25% of patients (5% of complete responders and 54% of
incomplete responders) required colectomy. Aratari ef al. examined the outcome of 52
patients hospitalized for severe ulcerative colitis. Among steroid-responsive patients, 11%
eventually required colectomy®. Two studies from Asia identified similar rates of colectomy
following ASUC. In a Korean study of 99 hospitalized ASUC patients, among patients who
avoided colectomy during the index hospitalization, 16% underwent colectomy during a
median follow up of 10 years?2. A similar colectomy rate of 26% was noted from a tertiary
referral center in India23. While we were unable to separate out complete from partial
responders in our cohort, our estimates of long-term morbidity following ASUC
hospitalization is similar to published findings and suggests need for continued close follow-
up of these patients.

A second finding from our study was that use of immunomodulator therapy within 3 months
of hospitalization was not associated with a reduction in risk of colectomy in steroid-
responsive immunosuppression naive ASUC patients. There are several possible
explanations why therapy escalation was not associated with lower rates of colectomy in
steroid-responsive ASUC patients. First, the evidence behind the efficacy of
immunomodulator therapy in UC is less robust than for other therapies such as the biologics.
Four small trials have demonstrated azathioprine to be effective in maintaining remission in
UC but were limited by small sample sizes with few observational cohorts with long-term
follow-up to support its efficacy?4-28. In contrast, three randomized controlled trials have
not noted a benefit to the use of methotrexate monotherapy in UC2%:30. As well, two recent
trials in Crohn’s disease have similar failed to demonstrate a benefit for early azathioprine
initiation in recently diagnosed patients?9:30, Second, patients in the escalated group may not
have been optimized for their thiopurine dosing. The study period comprised a wide range of
years where therapeutic drug monitoring was not routinely available or was cost prohibitive
for many. It is possible that a more proactive dose optimization strategy may have
demonstrated a benefit though our findings reflects the prevalent clinical care. Third,
biologic determinants such as genetic or genomic factors may determine disease prognosis
in UC and less refined clinical determinants such as need for hospitalization may prove
imperfect for stratifying risk and allocating to various treatment strategies. Fourth, while the
concept of irreversible bowel damage with each relapse potentially causing progressive
damage may hold true in Crohn’s disease, this may be less apparent in UC and many may
experience may experience prolonged remission even following a hospitalization. Indeed, in
the 10-year follow-up of the IBSEN cohort, 55% of patients with UC experienced an initial
period of high activity but remained in remission or with only mildly active disease
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subsequently31, a higher proportion than noted in the parallel Crohn’s disease cohort32. With
the high morbidity following an episode of ASUC, there is an important need for prospective
clinical trials of strategies to optimize outcomes in this population.

We readily acknowledge several limitations of our study, Firstly, this is a retrospective
observational study where escalation of therapy was non-random at the discretion of the
treating gastroenterologist or medical team. However, a propensity score adjustment
matching for potential confounders of therapy escalation did not significantly alter our
findings. Secondly, clinical severity using validated disease activity indices were not
routinely recorded during hospitalization or at follow-up. Third, protocols to initiate and
optimize thiopurine therapy was not in place during much of the study period and
therapeutic drug monitoring was not widely available. It is possible that a discernible
difference may have apparent if the escalated group were pro-actively adjusted early to
achieve therapeutic levels of either the thiopurine therapy. The single center design and
small number of patients may have limited our ability to demonstrate a statistically
significant difference. Future multi-center cohort studies may be able to more robustly
examine this association.

In conclusion, we report a one-in-ten risk of colectomy 1 year following hospitalization even
in patients who are responsive to intravenous steroids during a hospitalization for ulcerative
colitis. We did not identify a beneficial effect of early immunomodulator therapy escalation
in this population. Further study to identify which patients with UC benefit from early
escalation of therapy are essential to inform our therapeutic algorithms. Specifically, it is
important to robustly examine whether use of upfront optimized biologic therapy in this
population would be beneficial in modifying natural history of disease and preventing
colectomy.
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Characteristics of study population, stratified by escalation of therapy following hospitalization

Table 1

Characteristic Thera;ln\}/ Ejgalated Therapy Not Escalated | p- Value
Female Sex (n, %) 25 (54.4) 42 (54.4) 0.98
Median Age (years, Range) 37 (16 - 86) 29 (16 - 88) 0.37
Median length of Stay (days, Range) 6(2-18) 6 (1- 48) 0.65
UC duration (n, %)

<1 year 22 (47.8) 48 (62.3) 0.27
1-5 years 12 (26.1) 16 (20.8)

> 5 years 12 (26.1) 13 (16.9)

Inpatient Procedure (n, %)

Colonoscopy 17 (37.0) 35 (45.5) 0.36
Flexible Sigmoidoscopy 19 (41.3) 15 (19.5) 0.01
Upper Endoscopy 7(15.2) 16 (20.8) 0.44
Endoscopic Severity (n, %) [N] [39] [54]

Mild 1(2.6) 1(1.9) 0.88
Moderate 14 (36) 21 (38.9)

Severe (Ulceration and spontaneous bleeding) 23 (59) 29 (53.7)

Extent of Inflammation (n, %)

Pancolitis 29 (63) 47 (61) 0.48
Left sided 17 (37) 26(33.8)

Rectum or Sigmoid - 2(2.6)

ASA Exposure at Admission (n, %)

Never on ASA 9 (19.6) 31 (40.3) 0.03
At Admission 31(67.4) 42 (54.6)

Past Exposure 6 (13) 3(5.2)

Post-discharge 5-ASA maintenance therapy (n, %) 46 (86.8) 21 (91.3) 0.58
Hemoglobin (g/dL) — (mean SD) 121+24 12.142.2 0.97
White Blood Cell Count (/mm3) 12.1+3.6 11.3+4.2 0.29
Platelet Count (/mm?3) 434.7+168.4 419.3+182.1 0.64
ESR (in mm) @ 44.1%28.9 41.324.1 0.65
C-reactive protein (mg/L) ¥ 91.7+100 37.8+41.2 0.02
Albumin (g/dL) 3.3:0.6 3.3£0.7 059

“Available in 83 patients
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Table 3

Univariate Analysis of predictors of colectomy at 1 year following hospitalization in immunosuppression-
naive acute severe ulcerative colitis patients
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Characteristic Odds Ratio | 95% Confidence Interval
Disease duration
<1 year 1 0.74-10.66
1-5 years 2.82 0.06-4.87
> 5 years 0.54
Extent of Involvement
Localized 1 0.30-3.94
Pancolitis 1.09
Severity on endoscopy
Mild or Moderate 1 0.18-3.29
Severe 0.77
Albumin 0.82 0.34-1.97
CRP 1.00 0.99-1.02
ESR 1.01 0.97-1.03
Prior ASA Exposure
Never 1 0.47-11.59
Current 2.33 0.17-25.92
Past 2.11
Therapy escalation
No 1 0.41-5.02
Yes 1.44
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