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Background: Up to one-third of patients hospitalized for acute severe colitis secondary to inflammatory bowel diseases (IBD) do not adequately
respond to intravenous steroids. There is an unmet need to identify a useful predictor for rescue treatment in this cohort of patients.

Aims: The aim of this study was to assess the predictive efficacy of fecal calprotectin in identifying the need for medical or surgical therapy in
patients with acute severe colitis.

Methods: \We conducted a multicenter retrospective cohort study including patients with ulcerative colitis (UC) who were hospitalized for se-
vere exacerbation of colitis. The primary outcome was the need for in-hospital medical or surgical rescue therapy. Univariate and multivariate
logistic regression was performed to identify predictors of rescue therapy.

Results: Our study included 147 patients with UC. One-third (33%) required rescue therapy, and 13% underwent colectomy. Patients requiring
rescue therapy had significantly higher fecal calprotectin (mean 1748 mcg/g vs 1353 mcg/g, P = .02) compared with those who did not. A fecal
calprotectin >800 mcg/g independently predicted the need for inpatient medical rescue therapy (odds ratio, 2.61; 95% Cl, 1.12-6.12). An admis-
sion calprotectin >800 mcg/g independently predicted surgery within 3 months (odds ratio, 2.88; 95% Cl, 1.01-8.17).

Conclusions: Fecal calprotectin levels may serve as a useful noninvasive predictor of medical and surgical risk in individuals with UC presenting

with acute severe colitis. This approach can facilitate earlier therapeutic interventions and improve outcomes.
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Introduction

Acute severe colitis, affecting up to 25% of patients with ul-
cerative colitis, is a severe complication often requiring hos-
pitalization for prompt assessment and intervention.! Despite
treatment with intravenous corticosteroids, up to one-third
of patients may have no response or partial response and re-
quire medical or surgical rescue therapy?®. Early prediction
of patients who are likely to require such rescue therapy is
essential to reduce treatment delays and morbidity. Existing
prediction models incorporate assessment of patient-reported
symptoms, serum inflammatory markers such as C-reactive
protein (CRP), endoscopic severity, or radiologic features at
presentation®*. However, models with clinical and serum in-
flammatory markers alone have a suboptimal performance;
additionally, models incorporating endoscopic or radiologic
scoring lack standardization and generalizability across prac-
tice settings that vary in the expertise of the treating physician.

Fecal calprotectin, a cytosolic protein present in neutro-
phils, is a readily available and commonly used biomarker in
the management of IBD.’ Although its use has been extensively
studied in differentiating IBD from noninflammatory condi-
tions such as irritable bowel syndrome,*’ studies have also
demonstrated that calprotectin has a strong correlation with
endoscopic severity of inflammation in IBD®’. In longitudinal

studies, a single fecal calprotectin measure could predict sub-
sequent relapse in those with quiescent disease and was a re-
sponsive marker in therapeutic interventions'?. The widespread
availability of this objective biomarker, its potential for point-
of-care assessment, and its mechanistic relevance makes it an
attractive biomarker as a predictor of rescue therapy require-
ment in acute severe colitis. However, there is a paucity of data
regarding its use as a risk stratification tool in this setting.

We performed this study to examine the predictive utility of
a single fecal calprotectin measurement obtained during hos-
pitalization in patients with acute severe colitis in determining
the need for medical or surgical rescue therapy.

Methods

Study Population

This study included all UC-related hospitalizations within
the MassGeneral Brigham health care system, comprising
2 tertiary referral centers (Massachusetts General Hospital,
Brigham and Women’s Hospital) and affiliated hospitals in
the Greater Boston metropolitan region from 2018-2020.
Potential cases were identified using the Research Practice
Data Registry, a data warehouse of all inpatient and outpatient
visits within the MassGeneral Brigham network through use
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of the diagnostic codes for ulcerative colitis (ICD-9 556.x,
ICD-10 K51.x). Each potential case was reviewed to confirm
a diagnosis of ulcerative colitis, hospitalization related to a se-
vere exacerbation, treatment with intravenous corticosteroid
therapy, and an available calprotectin level obtained either
during the hospitalization or within 2 weeks preceding ad-
mission. All patients met the definition for acute severe colitis
as defined by Truelove and Witts.!! Hospital stays not related
to IBD, patients with Crohn’s disease, autoimmune enterop-
athy or common variable immunodeficiency (CVID)-related
disease, admissions for elective surgery, and admissions for
pouch-related disorders were excluded.

Covariates

Information was extracted regarding age, sex, and smoking
status. Disease extent was classified according to the Montreal
classification. Severity at the time of hospitalization was quan-
tified using admission hemoglobin, albumin, peak erythro-
cyte sedimentation rate (ESR), CRP, and endoscopic severity
where available. Endoscopic severity was classified using the
Mayo endoscopic score (MES) and stratified as severe (pres-
ence of ulcerations and spontaneous bleeding) or nonsevere.
Our main predictor of interest was fecal calprotectin meas-
ured on a single stool sample and quantified as mcg/g stool.
Fecal calprotectin levels were measured using an enzyme-
linked immunosorbent assay (ELISA) platform at the Mayo
Clinic laboratories (Rochester, MN).

Outcomes

Our primary outcome was need for in-hospital medical or
surgical rescue therapy. Medical rescue treatment included
initiation of infliximab, cyclosporine, or tofacitinib. However,
in a sensitivity analysis accounting for the patients who may
have already been infliximab-experienced, we defined med-
ical rescue therapy to also include a new in-hospital start of
adalimumab, vedolizumab, or ustekinumab in patients who
were naive to these agents. Surgical rescue therapy referred to
in-hospital colectomy during the index hospitalization.
Postdischarge outcomes were assessed at 3 months and 1
year after index hospitalization. Clinical remission at these
time points was ascertained through retrospective review of
the medical records, defining remission using a composite of
UC-related symptoms, inflammatory markers, endoscopy,
or radiologic examination. We also examined if an interval
UC-related surgery occurred by these time points.

Statistical Analysis
Statistical analysis was performed using Stata 15.2 (StataCorp,
College Station, TX). Continuous variables were summarized
using means and standard deviations and compared using
the ¢ test. Variables that were not normally distributed were
summarized using medians and interquartile ranges and com-
pared using nonparametric tests. Categorical variables were
presented as proportions and compared using the y? test;
Fisher exact test was used when necessary. Univariate logistic
regression was performed to identify predictors of requiring
medical or surgical rescue therapy. Variables significant on
univariate analysis at P < .2 were included in a multivariable
model to identify independent predictors.

In the primary analysis, fecal calprotectin was modeled
as a continuous variable. We then used the Youden index,
a summary measure for the performance of the receiver
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operator characteristics (ROC) curve, to identify the optimal
fecal calprotectin threshold to differentiate responders from
nonresponders. In subsequent analyses, we modeled fecal
calprotectin as a dichotomous measure above and below
this cutoff to define its predictive value. We repeated the
analysis separately for need of medical rescue therapy and
in-hospital surgery. We performed a sensitivity analysis that
defined rescue therapy as use of only infliximab or cyclo-
sporine. Two-sided P-value < .05 indicated independent stat-
istical significance in the multivariable model. The study was
approved by the institutional review board of MassGeneral
Brigham.

Results

Study Population

Our study included 147 patients admitted with acute severe
colitis. The mean age was 39 years (range 7-87 years). Just
over half (51%) of the cohort were female (7 = 75). Of the
entire cohort, 33% (n = 48) required rescue therapy after
failure to respond to intravenous steroids (2 tofacitinib; the
rest received infliximab or cyclosporine). An additional 10
patients were initiated on adalimumab, vedolizumab, or
ustekinumab during the hospitalization. A total of 19 pa-
tients (13%) underwent rescue surgery during the index hos-
pitalization. Eight patients who underwent colectomy had
previously received medical rescue therapy during the same
hospitalization.

Table 1 compares the characteristics of patients who failed
intravenous steroids and required rescue therapy to steroid re-
sponders. There was no significant difference in age, age at
disease diagnosis, smoking status, and prior disease severity
including immunomodulator or biologic use at time of admis-
sion. However, patients requiring rescue with either medical
or surgical therapy had significantly higher fecal calprotectin
(median 1588 mcg/g vs 1000 mcg/g; P = .02; Figure 1), lower
hemoglobin (mean 9.2 g/dL vs 10.5 g/dL), and lower albumin
(mean 3.4 g/dL vs 3.7 g/dL; P = .002). In addition, patients
who required rescue therapy were more likely to have se-
vere disease on endoscopic evaluation (80%) compared with
those who were steroid responsive (59%, P = .013). Using the
Youden method, the optimal cutoff for fecal calprotectin to
separate those who required medical or surgical rescue therapy
from steroid responders was ~800 mcg/g with an AUC of 0.61.
At this cutoff, the sensitivity and specificity for medical or sur-
gical rescue therapy was 0.80 and 0.42, respectively.

On multivariate analysis, a higher serum hemoglobin
(odds ratio [OR], 0.76 for each 1 g/dL increase; 95% CI,
0.65-0.90) was associated with lower likelihood of rescue
therapy. A fecal calprotectin >800 mcg/g was associated with
a 2-fold increase in risk for rescue therapy (OR, 2.53; 95%
CI, 1.15-5.59; Table 2). A fecal calprotectin >800 mcg/g in-
dependently predicted the need for inpatient medical rescue
therapy (OR, 2.61; 95% CI, 1.12-6.12) and demonstrated
a trend towards predicting in-hospital surgery (OR, 2.03;
95% CI 0.64-6.49). The median interval between date of
hospitalization and fecal calprotectin testing was 0 days
(interquartile range, 0-1 day). Of the 147 patients in the co-
hort, 130 (88%) had calprotectin levels checked within 48
hours after initiation of intravenous steroids. Restricting the
analysis to this group alone did not alter our findings (OR,
2.77;95% CI, 1.27-6.03).
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Table 1. Baseline characteristics of hospitalized patients with ulcerative colitis who received rescue therapy (n = 59) and those who did not (n = 88).

Characteristic Rescue Therapy (Medical or Surgical) No Rescue P
n=359 n =288
Age(median) (IQR) 32.0 (27-51) 34.5 (22-55) 0.61
Age at diagnosis 0.45
<or=16 12% 16%
17-40 61% 51%
>40 27% 34%
Male n (%) 51% 48% 0.71
Female n (%) 49% 52%
Smoking status 0.47
Never 63% 72%
Current 2% 2%
Former 35% 26%
Disease location/pancolitis 68% 71% 0.71
Medication use at time of admission
Immunomodulators 15% 13% 0.63
Anti-TNF agents 39% 44% 0.52
Labs during admission-Median (IQR)
Calprotectin 1588 (913-2900) 1000 (474-2274) 0.02
ESR peak (pretreatment) 37 (22-53) 33 (16-45) 0.56
CRP peak (pretreatment) 54 (20-121) 28 (7-77) 0.08
Hgb nadir 9.2 (7.4-10.9) 10.6 (9.2-11.9) 0.002
Albumin 3.5 (2.9-3.8) 3.6 (3.3-4.1) 0.07
Endoscopic findings
Mild 20% 41% 0.013
Severe 80% 59%
2000 Table 2. Multivariate analysis of risk factors predicting need for inpatient
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Figure 1. Fecal calprotectin levels and the need for inpatient rescue
therapy in acute severe colitis.

With respect to long-term outcomes, patients requiring col-
ectomy by 3 months after the index hospitalization had a me-
dian calprotectin level of 1951 mcg/g compared with those
who did not (1000 mcg/g, P = .006). A similar difference was
also noted in colectomy by 12 months (mean 1843 mcg/g vs
1021 mcg/g; P = .018; Table 3). Calprotectin >800 mcg/g in-
dependently predicted surgery within 3 months of the index
hospitalization (OR, 2.88; 95% CI, 1.01-8.17); this associ-
ation did not meet statistical significance at 12 months.

tory bowel diseases. In the one-third of patients who do not
respond satisfactorily to intravenous steroids, early initiation
of medical or surgical rescue therapy is required.> Thus, it
is an important clinical and research goal to identify bio-
markers that can be quantified at presentation and that can
accurately identify the subgroup of steroid nonresponders.
Existing models utilizing clinical parameters are insufficiently
accurate, and those relying on endoscopic or radiologic as-
sessment are challenged by standardization across different
practice settings. In this retrospective cohort study, we dem-
onstrate that a single admission fecal calprotectin level can
accurately determine patients who are likely to require med-
ical and surgical rescue therapy and suggest the need for more
routine use of calprotectin in this setting.
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Table 3. Fecal calprotectin during hospitalization and posthospitalization outcomes at 3 and 12 months among patients hospitalized with severe colitis.

Time After Index Outcome Median Calprotectin Among Those Median Calprotectin Among Those P
Hospitalization With Outcome (mcg/g) (SD) Without Outcome (mcg/g) (SD)
3 months
Colectomy 1951 1000 0.006
Remission 1000 1015 0.74
Steroid use 1382 1000 0.34
12 months
Colectomy 1843 1021 0.018
Remission 1000 1598 0.31
Steroid use 1000 1382 0.42

Several predictive models have been proposed to predict
responsiveness to therapy in acute severe colitis; but recently,
the applicability and relevance of some of these models have
been challenged by the increasing number of patients who
have already previously failed multiple rescue therapies
including infliximab prior to hospitalization. The Ho and
Oxford scoring systems were developed to predict likelihood
of nonresponse to intravenous steroids and risk of colectomy
using a combination of reported clinical symptoms, serum
biomarkers, and radiologic imaging.'? Initially these indices
demonstrated high accuracy in predicting response. Although
their performance has been more mixed due to the changing
population and evolving treatment patterns in acute severe
colitis, including a much lower rate of rescue in-hospital col-
ectomy.* A recent study assessing the use of Ho and Oxford
scoring systems highlighted that surgical risk was decreased
from previous studies (33.1% vs 11.8% and 34.0% vs 9.7%,
respectively)®. The Ulcerative Colitis Endoscopic Index of
Severity (UCEIS) has gained recognition as a tool to quantify
endoscopic activity and as a predictor of response in acute
severe colitis.'3"% Although data have been promising, it is in-
vasive and resource limiting. Further, it relies on gastroenter-
ologist familiarity with scoring index, limiting its potential to
be generalizable and standardized in diverse clinical practices.

Fecal calprotectin is a noninvasive and sensitive biomarker.
It correlates well with endoscopic disease activity. It is also
superior to serum markers such as C-reactive protein.® % 16-18
A prospective study comparing calprotectin levels with MES
found that median calprotectin levels of 35.2 mcg/g, 103.3
meg/g, 295.0 mcg/g, and 751.9 mcg/g correlated with an
MES score of 0, 1,2, and 3, respectively (P < .01)"". Although,
there is only sparse literature examining its role in acute se-
vere colitis. Ho et al examined the discriminant ability of fecal
calprotectin in 90 hospitalized patients with ASUC to predict
inpatient outcomes including steroid responsiveness, need for
second-line agents such as infliximab (at 5 mg/kg dosing),
and eventual need for colectomy. In their study cohort, 23%
required infliximab therapy, and 34% required colectomy.
Fecal calprotectin levels were higher in patients requiring col-
ectomy (1200 mcg/g vs 887 mcglg; P = .04), with a cutoff
of 1922.5 mcg/g having optimal performance. Similarly,
Beswick et al conducted a prospective study involving 24 pa-
tients with steroid-refractory ASUC initiated on infliximab?.
Twelve (50%) patients achieved remission at 3 months, and
6 (25%) underwent colectomy. Fecal calprotectin level pre-
dicted clinical remission with 100% sensitivity and future col-
ectomy with 89% sensitivity. Jain et al examined the value of

both UCEIS and fecal calprotectin in 49 patients with acute
severe colitis. They found a fecal calprotectin level >1000
mcg/g on day 3 of starting steroid therapy to be predictive of
in-hospital outcomes. However, these studies were limited by
sample sizes, reliance on infliximab as the sole rescue therapy
(which is less reflective of the current practice of multiple bio-
logic failures), and short duration of follow-up.

There are some important implications for our find-
ings. First, our findings demonstrate that a single fecal
calprotectin measurement can be an important risk assess-
ment tool in patients with acute severe colitis. If robustly
confirmed in other larger cohorts, it can be used for inex-
pensive and noninvasive risk stratification among ASUC
patients by identifying those who are candidates for early
initiation of rescue therapy due to high likelihood of steroid
failure. It can also allow identification of an enriched pa-
tient population for trials of treatment strategies in acute
severe colitis, where such patients with a high baseline fecal
calprotectin can be preferentially treated with rescue agents
at hospitalization rather than after a trial of intravenous
steroids. There is also the need to examine repeated measure-
ments of fecal calprotectin during hospitalization to assess
its utility as a dynamic early marker of response. In addition,
the availability of fecal calprotectin quantification through
point-of-care testing makes it a particularly attractive tool
for risk stratification in the setting of this rapidly evolving
and morbid complication of IBD.?!->*

We acknowledge several limitations to our study. Owing
to the retrospective study design, there is the potential for
missing information. Although calprotectin measurements
were frequently performed in our hospital, they were not con-
sistently performed at time of admission in all patients. There
may also be a bias in the selection of the patients. Moreover,
serial monitoring of calprotectin levels in response to treat-
ment could also not be assessed because most patients had
only a single assessment. It will be important to define both
the timing of calprotectin measurement most relevant to
predicting the outcome of the hospitalization and the utility
of serial measurements of calprotectin. In terms of longitu-
dinal analysis, there were some patients who were lost to
follow-up by 1 year.

In conclusion, we demonstrate that fecal calprotectin levels
can serve as a useful noninvasive predictor of disease severity
and surgical risk. Larger prospective studies to validate the use
of calprotectin as a predictor of longer-term outcome merits
further investigation. This added information can serve as
an essential prognostic tool to facilitate earlier interventions
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surrounding medical and surgical management and improve
clinical outcomes.
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