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Background:  Models to predict colectomy in ulcerative colitis (UC) are valuable for identification, clinical management, and follow-up of high-risk 
patients. Our aim was to develop a clinical predictive model based on admission data for one-year colectomy in adults hospitalized for severe UC.
Methods:  We performed a retrospective analysis of patients hospitalized at a tertiary academic center for management of severe UC from 
1/2013 to 4/2018. Multivariate regression was performed to identify individual predictors of one-year colectomy. Outcome probabilities of colec-
tomy based on the prognostic score were estimated using a bootstrapping technique.
Results:  Two hundred twenty-nine individuals were included in the final analytic cohort. Four independent variables were associated with one-
year colectomy which were incorporated into a point scoring system: (+) 1 for single class biologic exposure prior to admission; (+) 2 for multiple 
classes of biologic exposure; (+) 1 for inpatient salvage therapy with cyclosporine or a TNF-alpha inhibitor; (+) 1 for age <40. The risk probabilities 
of colectomy within one year in patients assigned scores 1, 2, 3, and 4 were 9.4% (95% CI, 1.7–17.2), 33.7% (95% CI, 23.9–43.5), 58.5% (95% 
CI, 42.9–74.1), 75.0% (95% CI, 50.5–99.5). An assigned score of zero was a perfect predictor of no colectomy.
Conclusion:  Risk factors most associated with one-year colectomy for severe UC included: prior biologic exposure, need for inpatient sal-
vage therapy, and younger age. We developed a simple scoring system using these variables to identify and stratify patients during their index 
hospitalization.

Lay Summary 
The one year risk of colectomy in patients hospitalized with ulcerative colitis increases if they are younger than 40-years-old, have used one or 
more biologic drugs in the past and/or receive an inpatient salvage (step-up) therapy during the hospitalization.
Key Words: severe ulcerative colitis, one-year colectomy, colectomy risk factors, clinical predictive score

Introduction
Ulcerative colitis (UC) is characterized by periods of activity 
or disease remission, the course of which can be difficult to 
predict but results in significant morbidity for patients with 
chronically active disease requiring escalation of medical 
therapy and/or colectomy.1,2 The 5- and 10-year cumulative 
risk of colectomy in patients with UC is 10–15%, which may 
increase to 40% following one or more hospital admissions 
for UC in the subset of patients with severe disease pheno-
types.3,4 The introduction of anti-tumor necrosis factor (anti-
TNF) therapies has altered the disease course in patients with 
severe disease demonstrating decreased rates of hospitaliza-
tion, colectomy, and mortality.5

The main indications for colectomy include emergent 
conditions, such as fulminant or medically refractory acute 
severe UC, subacute and chronic complications requiring 
elective colectomy, most commonly development of colo-
rectal carcinoma or high-grade dysplasia, and intolerance to 

medical therapy or intractable disease.6 While colectomy is 
an important strategy for management of medically refrac-
tory disease, the threshold for surgery and timing varies by 
clinical setting. Patients expectedly prefer the avoidance of 
surgery given its potential impact on quality of life due from 
post-procedural complications, such as fecal incontinence, 
pouchitis/cuffitis, reduced fecundity in females, and erectile 
dysfunction in males.7 Physicians may also hesitate to advise 
irreversible surgery as several medical therapeutic options 
exist. However, inappropriate delays in colectomy increase 
the risk of emergent surgery, which carries higher morbidity 
and mortality in comparison to an elective procedure.8,9,10,11 
Thus, an important aspect of managing patients presenting 
with severe UC is early identification of those likely to fail 
medical treatment.

Models to predict colectomy, particularly scoring systems 
from which individual scores can be calculated and assessed 
quickly, are valuable for identification, clinical management, 
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and follow-up of patients. Predictive models most commonly 
incorporate clinical, biochemical, radiologic, and endoscopic 
indicators of disease activity.12 Travis et. al developed one 
of the earliest predictive indices for colectomy in patients 
with severe UC which associated stool frequency > 8/day 
and C-reactive protein (CRP) > 45 mg/dL on the third day 
of admission following treatment with intravenous (IV) cor-
ticosteroids with the risk of admission colectomy (85% posi-
tive predictive value [PPV]).8 Subsequent models have tested 
various factors to improve prediction of patients who will 
ultimately require colectomy.12 However, most predictive in-
dices utilized to triage patients were developed prior to the 
current widespread biologic use and do not reflect the effect 
of these therapies on the natural disease course of patients 
with severe UC.13 Therefore, appropriate application of the 
predictive indices to current clinical practice requires valid-
ation in updated prospective cohorts. Validation efforts have 
been mixed: the Fulminant Colitis Index, prospectively as-
sessed in a randomized, placebo-controlled trial of rescue 
infliximab therapy, predicted early colectomy with a 47% 
PPV in the infliximab group in comparison to a 72% PPV 
in the original trial cohort, while a retrospective study of pa-
tients with moderate-to-severe UC undergoing treatment with 
infliximab did not find significant predictivity with use of this 
index.14,15,16

The creation of predictive indices for colectomy risk in 
patients with severe UC undergoing contemporary medical 
management is therefore a necessary area of study. Le Baut 
et al. most recently developed a four-point prognostic scoring 
system of biochemical and clinical factors in a cohort of 
French patients treated with immunomodulator and biologic 
therapies.17 The aim of our study was to similarly assess the 
prognostic value of known risk factors for one-year colec-
tomy among patients admitted for a severe UC flare.

Methods
Participants and study settings
We performed a retrospective analysis of all adult patients 
hospitalized at a tertiary academic center for management of 
UC between 1/2013 and 4/2018. Hospitalized cases of UC 
were identified using the ICD-9 code 556.X and ICD-10 code 
K51.X and separately reviewed for clinical, radiographic, 
histologic, and endoscopic information. Misclassified cases 
of UC (n = 55), those with a history of a pouch or admis-
sion for a planned surgery (n = 445), and cases of UC not 
admitted for colitis (n = 430) were excluded from the ana-
lysis (Supplementary Figure 1). Only the first admission for 
individuals with multiple hospitalizations was included to 
incorporate only one admission per patient. Additionally, 
only individuals responding to initial steroid therapy or those 
requiring salvage therapy were included to exclude those 
electing to undergo surgical management of disease.

Clinical characteristics
Baseline and outcome measures were collected via chart re-
view or extracted from the electronic medical record (EMR). 
Cases with active colitis were defined as having > 3 bowel 
movements per day and/or frequency, rectal bleeding, 
cramping, or tenesmus. Severe colitis was defined as 6 or 
more bowel movements within a 24-hour period with one of 
the following: fever > 38.8 °C, heart rate > 90, hemoglobin 

< 10.5 g/dL, ESR > 30 or CRP > 3 mg/dL.18 We did not re-
cord stool frequency throughout the hospitalization due to 
incomplete reporting in the medical record. Variables col-
lected based on chart review included the extent of colitis, 
transfer from an outside institution (OSH), concomitant in-
fections, and endoscopic procedures performed in the four 
weeks prior to and during hospitalization. Endoscopic disease 
activity was assessed utilizing the Mayo endoscopic sub-score 
for UC.19 Pertinent medical history included disease duration, 
prior need for inpatient management of UC, smoking history, 
prior exposure to IV corticosteroids, and overall burden of 
co-morbidities as represented by the Charlson–Deyo score.20

Medications on admission were recorded to include sys-
temic steroids (defined as the use of 5 mg prednisone or more 
daily), orally administered 5-aminosalicylic acids (5-ASA), 
immunomodulators (azathioprine, 6-mercaptopurine, metho-
trexate), biologic anti-tumor necrosis factor (TNF) agents, 
and anti-integrins. Patients were considered biologic naïve if 
they had no prior exposure to a biologic therapy. Patients pre-
viously administered agents with an anti-TNF therapy class 
or an anti-integrin were assigned to a single biologic class. 
If multiple anti-TNF therapies were administered without 
transition to a second class, a single biologic class was still 
assigned. In addition, due to the slower onset of action with 
anti-integrin therapy which may take up to 10 weeks to 
achieve a response, individuals with recent initiation (within 
60 days of admission) of anti-integrin therapy were down-
graded one level, ie, individuals previously exposed to anti-
TNF therapy with recent initiation of anti-integrin therapy 
were categorized as a single biologic class.21 Individuals ex-
posed to anti-TNF therapy and anti-integrin therapy (>60 
days after exposure) were considered to have been exposed to 
multiple biologic classes.

The analysis only included admission variables to reflect 
data that would be available for clinical decision-making at 
the time of score utilization. Post-discharge variables, such 
as exposure to new treatments, were not included given vari-
ability in outpatient practices and missing data variables for 
patients not followed directly within our hospital system.

Inpatient management
Patients hospitalized for severe colitis were managed as per 
standard guidelines.22 Testing for C. difficile infection was 
performed routinely on admission. In the absence of a re-
sponse to intravenous corticosteroids after 3–5 days, patients 
were offered colectomy, calcineurin based salvage therapy, 
or salvage therapy with infliximab. The choice of salvage 
therapy was made according to the attending physician dis-
cretion. Calcineurin inhibitor therapy consisted of intra-
venous cyclosporine or oral tacrolimus (n = 4) as previously 
described.23 Infliximab was given as a single infusion or sev-
eral infusions of 5–10 mg/kg based on attending discretion. 
Thirty-seven individuals receiving infliximab received an ini-
tial loading dose of 5  mg/kg and twenty-three received an 
initial dose of 10 mg/kg.

Statistical analysis
Basic descriptive statistics were reviewed for all variables. 
Univariate logistics regression and multivariate logistics re-
gression were performed to investigate the associations be-
tween the independent variables of interest and the dependent 
variable of one-year colectomy risk. In the multivariate 
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analysis, we coded continuous variables as binary variables 
by using the median of the variable as the cutting point. For 
the age variable, we coded it as a binary variable by using 40 
as the cutting point as studied in prior literature – poor prog-
nosis has been attributed to ages specifically younger than 40 
in population-based studies following the natural history of 
UC.24,25 A risk score was then calculated for each observation 
based on the observed values of the variables that were found 
to be statistically significant in the multivariate analysis. For 
each level of the risk score, the risk point estimate was derived 
based on the percentage of one-year colectomy among the 
observations with the score, and the 95% confidence interval 
of the risk point estimate was derived using the bootstrap 
method with 1000 replications. A two-sided P-value ≤ .05 
was considered statistically significant. Statistical analysis was 
conducted using JMP 13.1.0 (SAS Institute, Inc., Cary, NC) 
and Stata 16 (StataCorp, LLC, College Station, TX).

Ethical Considerations
The study was approved by the University of Chicago 
Institutional Review Board (IRB18-0597).

Results
Patient characteristics
Two hundred eighty-five unique admissions for severe UC were 
identified. Among these admissions, 41 did not respond to 
initial intravenous corticosteroids and underwent colectomy 
without an attempt at salvage therapy and fifteen patients did 
not have 1-year outcomes available leaving 229 patients in 
the final analysis. When compared to the final cohort, those 
excluded without an attempt at salvage therapy were more 
likely to be older (45 years vs. 34.7 years, P = .002), trans-
ferred from an OSH (41.5% vs. 19.2%, P = .002), and more 
likely to be exposed to multiple classes of biologic therapies 
(24.4% vs. 9.2%, P = .0003). This group also presented with 
lower serum albumin (3.06 ± 0.68 g/dL vs. 3.38 ± 0.62 g/dL, 
P = .010) and no difference in CRP (48.63 ± 64.57 mg/L vs. 
40.21 ± 50.96 mg/L, P = .564).

In the analytic cohort of 229 patients, baseline characteris-
tics are presented in Table 1. The median patient age was 30.6 
(IQR: 23.3–43) years and 108 (47.2%) of the patients were 
female. The median disease duration was 2.8 (IQR: 0.7–8.3) 
years and 140 (61.4%) patients had pancolitis. Endoscopic 
information was available in 184 (80.3%) among which 109 
(59.2%) had a Mayo endoscopic sub-score of three. Severe 
colitis as diagnosed by Truelove and Witts criteria was pre-
sent in 174 (76%) patients.

Prior to the hospitalization, 142 (62%) patients were re-
ceiving oral corticosteroids and 76 (33.2%) were on an 
immunomodulator. One hundred sixteen (50.7%) patients 
were naïve to biologic therapy while 92 (40.2%) had prior 
exposure to a single class of a biologic therapy and 21 (9.2%) 
had prior exposure to multiple biologic classes. Among pa-
tients that were biologic naïve (n = 116), one had a recent 
initiation of vedolizumab and was considered in the biologic 
naïve category. Among individuals exposed to a single bio-
logic drug class (n = 92), four (4.3%) had treatment with an 
anti-integrin without exposure to anti-TNF therapy. Seven 
(7.6%) had a recent initiation of anti-integrin therapy with 
past exposure to anti-TNF therapy and were downgraded to a 
single biologic class. The remaining 81 patients had exposure 
to anti-TNF therapy among which 56 (69.1%) had exposure 

to one prior anti-TNF, 21 (25.9%) had exposure to two prior 
anti-TNFs and four (4.9%) had exposure to three prior anti-
TNFs. Among the 21 patients with multiple biologic classes, 

Table 1. Baseline patient characteristics.

Characteristic n = 229 n, includeda 

Demographic parameters

 � Female 108 (47.2%) 229

 � Age, yearsb 30.6 (23.3–43) 229

 � White 174 (76%) 229

 � Smoker 6 (2.6%) 229

 � Outside hospital transfer 44 (19.2%) 229

 � Malnutrition diagnosis 16 (7%) 229

 � Charlson–Deyo scoreb 0 (0–0) 226

Disease activity

 � Duration of diseaseb 2.8 (0.7–8.3) 229

 � Prior admission for IV steroids 85 (37.1%) 229

 � First episode of colitis 19 (8.3%) 229

 � Diagnosis of severe colitis 174 (76%) 229

 � Extension of disease

  �  E1 28 (12.3%) 228

  �  E2 60 (26.3%)

  �  E3 140 (61.4%)

 � Mayo endoscopic score

  �  Score 1 14 (7.6%) 184

  �  Score 2 61 (33.1%)

  �  Score 3 109 (59.2%)

 � IV steroids started 223 (97.4%) 229

 � C. difficile infection 38 (17.1%) 222

Inpatient treatment

 � Steroids alone 103 (45%) 229

 � Infliximab 60 (26.6%)

 � Calcineurin inhibitor 66 (28.8%)

Biological parametersb

 � CRP, mg/L (IQR) 21 (6–52) 225

 � Protein, g/dL 6.7 (6–7.2) 220

 � Albumin, g/dL 3.4 (3–3.9) 220

 � Na, mmol/L 138 (136–140) 229

 � BUN, mg/dL 10 (7–14) 229

 � Creatinine, mg/dL 0.8 (0.6–0.9) 229

 � Hemoglobin, g/dL 11.5 (10–13.1) 229

 � WBC (×109per L) 9.9 (7.8–13.2) 229

 � Platelets (×109 per L) 360 (288–438.5) 229

Medications prior to admission

 � Biologic naive 116 (50.7%) 229

 � Single biologic class 92 (40.2%)

 � Multiple biologic classes 21 (9.2%)

 � Steroids 142 (62%) 229

 � 5-ASA 117 (51.1%) 229

 � Immunomodulator 76 (33.2%) 229

 � Opiates 21 (9.2%) 229

 � SSRIs 16 (7%) 229

aNumber of patients with available data on this variable.
bThe median and inter-quartile range (IQR) are presented.
CRP, C-reactive protein; Na, sodium; BUN, blood urea nitrogen; WBC, 
white blood cells; 5-ASA, aminosalicylates; SSRIs, selective serotonin 
reuptake inhibitors.
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all were treated with an anti-integrin initiated greater than 60 
days prior to admission. In this subset, fifteen (71.4%) were 
exposed to one prior anti-TNF, five (23.8%) had exposure to 
two prior anti-TNFs and one (4.7%) had exposure to three 
prior anti-TNFs.

Colitis management and progression to colectomy
Most patients (223, 97.4%) were initiated on intravenous 
corticosteroids on hospital admission. Within the entire in-
clusion cohort, 103 (45%) responded to intravenous steroids 
and did not require escalation to a salvage therapy. Among 
the individuals requiring a salvage regimen, 66 (28.8%) 
received a calcineurin inhibitor and 60 (26.2%) received 
inpatient administration of infliximab. Seventy (30.6%) pa-
tients required colectomy within one year of admission. The 
median time to colectomy was 2 (IQR: 0–5.75) months. Both 
responders and non-responders to IV steroids progressed to 
colectomy within one year: 15.5% of patients (16/103) that 
responded to IV steroids required colectomy as compared to 
42.8% (54/126) of non-responders requiring salvage therapy 
(P < .0001).

Univariate logistic regression
Results of the univariate logistic regression analysis for 
one-year colectomy are summarized in Table 2. Significant 
risk factors included: prior biologic exposure, either to one 
class (OR: 3.59, 95% CI, 1.89–6.84; P < .0001) or multiple 
classes (OR: 8.3, 95% CI, 3.02–22.75; P < .0001) of bio-
logic therapy; use of oral corticosteroids prior to admission 
(OR: 2.72; 95% CI, 1.44–5.16; P = .002); 5-aminosalicylic 
acid (5-ASA) use prior to admission (OR: 0.44; 95% CI, 
0.24–0.79; P = .005); previous hospitalization requiring 
IV corticosteroids (OR: 2; 95% CI, 1.13–2.55; P = .018); 
administration of salvage therapy during admission with 
cyclosporine (OR: 6.94, 95% CI, 3.37–14.27; P < .0001); 
and older age (age > 40, OR: 0.97, 95% CI, 0.95–0.99; P 
= .010). Inpatient salvage with anti-TNF therapy demon-
strated borderline significance (OR: 2.15, 95% CI, 0.99–
4.66; P = .05).

Multivariate analysis and model creation
Results of the multivariate logistic regression analysis for 
one-year colectomy are summarized in Table 3. In the final 
multivariate model, risk factors significant for one-year col-
ectomy included: prior biologic exposure to one class (OR: 
3.88, 95% CI, 1.40–10.7; P = .009) or multiple biologic 
classes (OR: 10.8, 95% CI, 2.50–47.01; P = .001); need 
for salvage therapy with cyclosporine (OR: 4.03, 95% CI, 
1.57–10.30; P = .004) or anti-TNF (OR: 4.00, 95% CI, 
1.33–12.02; P = .014); and age > 40 (OR: 0.32, 95% CI, 
0.11–0.88; P = .027). Using the multivariate analysis, a 

Table 2. Univariate logistic regression analysis.

Variable Odds ratio Confidence interval P-value 

Demographic parameters

 � Female 0.78 0.44–1.37 .39

 � Age >40 0.97 0.95–0.99 .01

 � White 1.39 0.7–2.76 .35

 � Outside hospital 
transfer

1.77 0.9–3.5 .1

 � Malnutrition  
diagnosis

1.85 0.66–5.19 .24

 � Charlson–Deyo 
score, median 
(IQR)

1.06 0.76–1.47 .73

Disease activity

 � Duration of disease, 
years, median (IQR)

1 0.96–1.04 .98

 � Prior admission for 
IV steroids

2 1.13–3.55 .018

 � First episode of 
colitis

0.25 0.06–1.09 .07

 � Diagnosis of acute 
severe colitis

1.79 0.88–3.66 .11

 � Extension of 
disease

  �  E1 Ref

  �  E2 2.13 0.7–6.47 .18

  �  E3 2.25 0.8–6.3 .12

 � Mayo endoscopic score

  �  Score 1 Ref

  �  Score 2 1.79 0.36–8.95 .48

  �  Score 3 3.76 0.8–17.64 .09

 � IV steroids started 0.43 0.08–2.18 .31

 � C. difficile infection 0.64 0.29–1.44 .28

Inpatient treatment

 � Steroids alone Ref

 � Infliximab 2.15 0.99–4.66 .05

 � Calcineurin in-
hibitor

6.94 3.37–14.27 <.0001

Biological parameters

 � CRP, mg/L 1 0.99–1 .61

 � Protein, g/dL 0.31 0.07–1.32 .11

 � Albumin, g/dL 0.64 0.39–1.04 .07

 � Na, mmol/L 0.99 0.89–1.09 .77

 � BUN, mg/dL 0.98 0.93–1.02 .43

 � Creatinine, mg/dL 0.32 0.09–1.14 .08

 � Hemoglobin, g/dL 0.87 0.76–0.98 .03

 � WBC (×109per L) 0.99 0.95–1.03 .61

 � Platelets (×109 
per L)

1 0.99–1 .32

Medications prior to admission

 � Biologic naive Ref

 � Single biologic class 3.59 1.89–6.84 <.0001

 � Multiple biologic 
classes

8.3 3.02–22.75 <.0001

 � Steroids 2.72 1.44–5.16 .002

 � 5-ASA 0.44 0.24–0.79 .005

 � Immunomodulator 1.41 0.78–2.54 .25

Variable Odds ratio Confidence interval P-value 

 � Opiates 1.15 0.44–2.99 .77

 � SSRIs 1.03 0.35–3. .95

Bold values represent statistically significant results.
CRP, C-reactive protein; Na, sodium; BUN, blood urea nitrogen; WBC, 
white blood cells; ASA, aminosalicylates; SSRIs, selective serotonin 
reuptake inhibitors.

Table 2. Continued
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four-point scoring system was created: (+) 1 for single class 
biologic exposure, (+) 2 for multiple classes of biologic ex-
posure. (+) 1 for inpatient salvage therapy with cyclosporine 
or anti-TNF, and (+) 1 for age < 40. The risk probabilities of 
colectomy within one year in patients assigned scores 1, 2, 
3, and 4 were 9.4% (95% CI, 1.7–17.2), 33.7% (95% CI, 
23.9–43.5), 58.5% (95% CI, 42.9–74.1), and 75.0% (95% 
CI, 50.5–99.5). An assigned score of zero was a perfect pre-
dictor of no colectomy.

Comparison and subgroup analysis
The performance of the current study score was compared 
against a score developed by Le Baut et al. to predict one-year 
colectomy in the study population. The Le Baut et al. score 
includes prior exposure to thiopurines or anti-TNF agents, 
presence of C. difficile infection, CRP > 30 mg/L, and albumin 
< 30 g/L. In the subset of patients with available data to calcu-
late both scores (209/229), the current study score showed an 
improved predictive ability for one-year colectomy (AUC: 0.76 
vs. 0.59; P = .0001). Among included patients in the highest 
risk group (score = 4), the observed colectomy rate with the 
study score was 72.7% as compared to 50% using the pre-
viously published score from Le Baut et al. (Supplementary 
Figure 2). The performance of the scores was also tested in 
two subgroups to comment on applicability to patients with 
acute severe UC defined strictly by Truelove and Witt's cri-
teria (n = 174) and to patients with greater endoscopic disease 
severity (Mayo 2 or 3 disease, n = 170). The AUCs were in 
these subsets were: 0.781 (95% CI, 0.713–0.840) and 0.736 
(95% CI, 0.661–0.807), respectively.

Discussion
Current medical therapies are inadequate to achieve remis-
sion in all patients with UC, particularly those with severe 
phenotypes characterized by high relapse rates, corticosteroid 
dependence, and need for escalation of medical therapy. 
Patients hospitalized for management of severe disease must 
therefore weigh the risks of surgery with those of continuing 
or escalating medical treatment. In these scenarios, clinical 
indices that predict the risk of colectomy can identify patients 
with higher likelihood of progression to surgery and inform 
shared decision-making in favor of elective surgical manage-
ment over ineffective or harmful overtreatment. At the very 
least, indices can target high-risk patients for close outpatient 
follow-up. In the current analysis we define four-point risk 
score created using readily available, objective clinical data: 
prior biologic exposure, administration of salvage therapy 
during admission, and age.

Our clinical predictive score is based on a cohort of hospital-
ized patients with severe UC, the majority of whom presented 

Table 3. Multivariate logistic regression analysis.

Variable Odds ratio Confidence interval P-value 

Demographic parameters

 � Female 1.4 0.53–3.71 .5

 � Age >40 0.32 0.11–0.88 .027

 � White 0.96 0.37–2.47 .93

 � Outside hospital 
transfer

1.62 0.52–5.05 .41

 � Malnutrition diag-
nosis

1.33 0.29–6.21 .72

 � Charlson–Deyo 
score, median 
(IQR)

0.058 0.003–1.23 .07

Disease activity

 � Duration of disease, 
years, median 
(IQR)

0.87 0.39–1.97 .75

 � Prior admission for 
IV steroids

0.34 0.036–3.18 .34

 � First episode of 
colitis

0.36 0.061–2.09 .25

 � Diagnosis of acute 
severe colitis

1.37 0.47–3.97 .56

 � Extension of disease

  �  E1 Ref

  �  E2 1.21 0.30–4.86 .79

  �  E3 0.86 0.24–3.14 .82

 � Mayo endoscopic score

  �  Score 1 Ref

  �  Score 2 1.18 0.18–7.61 .86

  �  Score 3 1.19 0.18–7.98 .86

 � IV steroids started 0.34 0.036–3.18 .34

 � C. difficile infection 0.7 0.23–2.14 .53

Inpatient treatment

 � Steroids alone Ref

 � Infliximab 4 1.33–12.02 .014

 � Calcineurin in-
hibitor

4.03 1.56–10.3 .004

Biological parameters

 � CRP, mg/L 1.48 055–3.98 .44

 � Protein, g/dL 1.1 0.39–3.09 .85

 � Albumin, g/dL 1.02 0.32–3.21 .98

 � Na, mmol/L 1.01 0.40–2.52 .99

 � BUN, mg/dL 1.28 0.55–2.98 .57

 � Creatinine, mg/dL 0.97 0.36–2.61 .95

 � Hemoglobin, g/dL 0.92 0.36–2.33 .85

 � WBC (×109 per L) 1.33 0.59–2.97 .49

 � Platelets (×109 
per L)

1.58 0.69–3.60 .28

Medications prior to admission

 � Biologic naive Ref

 � Single biologic class 3.88 1.40–10.75 .009

 � Multiple biologic 
classes

10.8 2.50–47.01 .001

 � Steroids 1.7 0.70–4.11 .24

 � 5-ASA 0.99 0.42–2.32 .98

 � Immunomodulator 1.08 0.47–2.52 .85

Variable Odds ratio Confidence interval P-value 

 � Opiates 1.05 0.31–3.62 .94

 � SSRIs 0.78 0.17–3.65 .75

Bold values represent statistically significant results.
CRP, C-reactive protein; Na, sodium; BUN, blood urea nitrogen; WBC, 
white blood cells; ASA, aminosalicylates; SSRIs, selective serotonin 
reuptake inhibitors.

Table 3. Continued
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with corticosteroid-refractory disease requiring escalation to 
salvage therapy. In comparison to the IV steroid response rate 
pooled from 32 studies that included patients with both mod-
erate and severe UC (67%), the response rate observed in our 
cohort (45%) is lower which is likely reflective of the greater 
underlying disease severity in this predominantly referral co-
hort.13 However, our primary outcome of one-year colectomy 
was overall congruent with that observed in literature. We 
observed a one-year colectomy rate of 30.6% similar to that 
observed among the CONSTRUCT cohort (40%) which fol-
lowed the outcomes of patients randomized to salvage treat-
ment with either cyclosporine or infliximab.26 Our findings 
also resemble pooled one-year colectomy rates following sal-
vage therapy in a systematic review of 12 studies: 20.7% and 
36.8% among patients receiving infliximab and cyclosporine, 
respectively, although it should be noted that individuals pro-
ceeding directly to colectomy were excluded from the one-
year colectomy rates in this current study.4

Our multivariate analysis identified prior biologic ex-
posure as a criterion that predicted one-year colectomy. A 
qualitative synthesis of 70 studies identifying risk factors for 
colectomy in patients with refractory UC associated an ex-
tensive drug history – prior exposure to systemic steroids, 
immunomodulators, and biologics – with risk for overall col-
ectomy.27 Patients with severe underlying disease are more 
likely to exhibit extensive drug exposure as non-response to 
treatment is higher. In an analysis of the Active Ulcerative 
Colitis (ACT) 1 and 2 clinical trials of infliximab initiation 
in biologic-naïve patients with UC, a baseline Mayo score ≥ 
10 suggested increased non-response to infliximab and risk 
of colectomy.28,29 Switching to another agent does not neces-
sarily increase the chance of remission: a systematic review of 
six studies showed remission rates of 0% to 50% among UC 
patients after treatment with alternative anti-TNF drug fol-
lowing infliximab non-response.30 Patients with severe disease 
are often treated with multiple class of medications, including 
biologics, in an effort to avoid colectomy. However, despite 
effectively delaying colectomy, biologic therapy may not pre-
vent it entirely.3

Treatment with inpatient salvage therapy – either infliximab 
or cyclosporine – also predicted one-year colectomy in our 
multivariate analysis with a median latency of two months. 
High early colectomy rates have been observed in patients 
with severe UC despite infliximab rescue therapy. Solberg et al. 
observed that 64% of colectomies were carried out in the first 
month following infliximab rescue therapy and Jakobovitz et 
al. similarly observed an early incidence of surgery, a median 
time to colectomy of six months.31,32 In our multivariate model 
and scoring system, use of CNI therapy or anti-TNF therapy 
was comparably associated with a risk of one-year colectomy. 
In the Cyclosporine versus Infliximab in Patients with Severe 
Ulcerative Colitis Refractory to Intravenous Steroids (CySIF) 
clinical trial, Laharie et al. failed to identify a significant dif-
ference in rates of treatment failure or colectomy between 
biologic-naïve patients receiving cyclosporine or infliximab.33 
Thus, we demonstrated that despite demonstrated efficacy of 
rescue therapies, patients with disease severe enough to pro-
gress to salvage treatment remain at a high risk of colectomy.

Lastly, our multivariate analysis identified young age as a 
significant risk factor for colectomy. Several population-based 
studies have associated young age at diagnosis with an in-
creased risk of colectomy.27,34,35,36 Using the IBSEN database 

of UC patients followed for ten years, Solberg et al. observed 
that patients younger than 40 years of age at diagnosis had 
higher rates of disease relapse and colectomy.37,38 Increased 
disease severity in those diagnosed at an early age and in-
adequate treatment adherence among younger patients could 
contribute to high relapse rates.39,40 Conversely, studies have 
suggested that patients diagnosed at an older age exhibit 
higher regression of inflammatory lesions and decreased fre-
quency of exacerbations.36 Although age cannot be modified, 
recognition of its predictivity for colectomy will inform which 
patient demographics warrant close monitoring.

We found the score derived by Le Baut et al. to be less pre-
dictive of one-year colectomy in the current study popula-
tion.17 Unlike our scoring system, Le Baut et al.'s found an 
association between one-year colectomy and C. difficile infec-
tion (CDI) and admission laboratory variables, such as CRP 
and serum albumin. The two studies did not find a uniform 
association with CDI and long-term colectomy risk potentially 
due to variations in testing practices.41,42 Rates of CDI were 
higher in our study group when compared to the French popu-
lation, 17.1% vs. 4.3%, and the variability in prevalence sug-
gests different testing standards. Our center used polymerase 
chain reaction (PCR) to detect the presence of toxogenic bac-
teria, which are more often isolated in the stool of individuals 
with IBD regardless of active infection.43 Current guidelines 
recommend the use of confirmatory testing for toxin produc-
tion as molecular tests may convey false positive results.44,45 
Le Baut et al. did not detail their method of C. difficile detec-
tion, but their lower reported rate of infection suggests use of 
direct toxin assessment. Our analysis also did not find asso-
ciations with inflammatory biomarkers, such as albumin and 
CRP, which were included in the French model. One explan-
ation is that we excluded patients who underwent admission 
colectomy without a salvage attempt because our intent was 
to model risk in individuals undergoing continued medical 
treatment. The excluded patients had severe steroid-refractory 
disease and thus exhibited inflammatory biomarker derange-
ments, such as significantly lower serum albumin levels in 
comparison with patients in the analytic cohort. Since CDI, 
CRP, and serum albumin were not associated with one-year 
colectomy in our cohort, it is expected that the Le Baut et al. 
score would be less predictive of a surgical outcome in our 
population (AUC: 0.76 vs. 0.59). External validation of our 
score will be required to establish its predictive ability.

The greatest strength of this study is the creation of a simple 
and updated clinical predictive score that reflects current med-
ical management of patients with severe UC. The components 
of the model are entirely objective, while other models have 
incorporated subjective measures, such as bowel frequency or 
the presence of bloody stools, that may be difficult to gather 
during retrospective analyses. Furthermore, the concordance 
of significant variables in our risk score with existing data 
on predictive factors of colectomy supports our model. We 
also individually reviewed each case for inclusion in the ana-
lysis after initial identification through use of International 
Classification of Diseases (ICD) codes. Reliance solely on 
the accuracy of billing diagnostic codes, some of which have 
not been independently validated, may lead to inappropriate 
inclusion of patients and overestimation of study results.46 
Individual review of each medical chart also allowed us to 
adequately characterize underlying disease severity. There 
is inevitable inter-center variation in disease severity among 
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medical centers: those with a high volume of IBD referrals 
attend to sicker patients than non-referral centers. A high-risk 
referral population may overrepresent the proportion of pa-
tients who undergo colectomy. Thus, an accurate representa-
tion of our baseline population allows generalization of our 
findings to centers treating similar patients.

Our study has several limitations. The retrospective analysis 
of manually extracted data is subject to documentation errors 
and omissions. Due to the high referral volume at our center, 
we were unable to follow all patients who returned to local 
institutions upon discharge without a shared electronic med-
ical record. We were thus unable to establish incidence of one-
year colectomy in all patients, and exclusion of this missing 
variable reduced our sample size. This may have limited our 
ability to demonstrate a significant association between one-
year colectomy and variables such as serum albumin and CRP 
which could have been appreciated in a larger sample size. 
Regardless, our cohort is of one the most sizeable for inclu-
sion in a modeling study to develop a clinical predictive score 
for colectomy in patients with severe UC. Lastly, the perform-
ance of our prediction model was not evaluated using an ex-
ternal validation cohort, which is the strongest test as it uses 
independent data to validate the model.

Conclusion
We created a simple, objective score to calculate an individual 
patient’s risk of one-year colectomy following hospitalization 
for a severe UC. The predictive ability of the score lends itself 
to clinical use – a score of 0/4 was a perfect predictor of no 
colectomy at one year and a score of 4/4 predicted a 75% col-
ectomy risk. Prospective studies are needed to externally val-
idate our clinical predictive score for colectomy in a similar 
cohort of patients. Validation in different populations, hospi-
talized patients at centers with low IBD volume or outpatient 
cohorts, would increase the generalizability of our score.

Supplementary Data
Supplementary data is available at Crohn’s and Colitis 360 
online.

Funding
D.M. supported by an Associates Board award from the 
Gastrointestinal Research Foundation.

Conflicts of Interest
All authors have no expressed conflicts of interest with re-
spect to the submitted work.

Writing Assistance
No support provided.

Data Availability
The data underlying this article cannot be shared publicly due 
to privacy requirements from the supporting institution. The 
data will be shared on reasonable request to the correspond-
ing author.

References
1.	 Lamb CA, Kennedy NA, Raine T, et al.; IBD guidelines eDelphi 

consensus group. British Society of Gastroenterology consensus 
guidelines on the management of inflammatory bowel disease in 
adults. Gut. 2019;68(Suppl 3):s1–s106.

2.	 Patrick D, Doecke J, Irwin J, et al. The effect of pre-admission im-
munosuppression on colectomy rates in acute severe ulcerative col-
itis. Therap Adv Gastroenterol. 2018;11:1756284818809789.

3.	 Dinesen LC, Walsh AJ, Protic MN, et al. The pattern and outcome 
of acute severe colitis. J Crohns Colitis. 2010;4(4):431–437.

4.	 Narula N, Marshall JK, Colombel JF, et al. Systematic review and 
meta-analysis: infliximab or cyclosporine as rescue therapy in pa-
tients with severe ulcerative colitis refractory to steroids. Am J 
Gastroenterol. 2016;111(4):477–491.

5.	 Annese V, Duricova D, Gower-Rousseau C, et al. Impact of new 
treatments on hospitalisation, surgery, infection, and mortality in 
IBD: a focus paper by the epidemiology committee of ECCO. J 
Crohns Colitis. 2016;10(2):216–225.

6.	 Andersson P, Söderholm JD. Surgery in ulcerative colitis: indication 
and timing. Dig Dis. 2009;27(3):335–340.

7.	 Dayan B, Turner D. Role of surgery in severe ulcerative co-
litis in the era of medical rescue therapy. World J Gastroenterol. 
2012;18(29):3833–3838.

8.	 Travis SP, Farrant JM, Ricketts C, et al. Predicting outcome in se-
vere ulcerative colitis. Gut. 1996;38(6):905–910.

9.	 Kaplan GG, McCarthy EP, Ayanian JZ, Korzenik J, Hodin R, Sands 
BE. Impact of hospital volume on postoperative morbidity and 
mortality following a colectomy for ulcerative colitis. Gastroenter-
ology. 2008;134(3):680–687.e1.

10.	de Silva S, Ma C, Proulx MC, et al. Postoperative complications 
and mortality following colectomy for ulcerative colitis. Clin 
Gastroenterol Hepatol. 2011;9(11):972–980.

11.	Randall J, Singh B, Warren BF, et al. Delayed surgery for acute 
severe colitis is associated with increased risk of postoperative 
complications. Br J Surg. 2010;97(3):404–409.

12.	D’Haens G, Sandborn WJ, Feagan BG, et al. A review of ac-
tivity indices and efficacy end points for clinical trials of med-
ical therapy in adults with ulcerative colitis. Gastroenterology. 
2007;132(2):763–786.

13.	Turner D, Walsh CM, Steinhart AH, Griffiths AM. Response to 
corticosteroids in severe ulcerative colitis: a systematic review of 
the literature and a meta-regression. Clin Gastroenterol Hepatol. 
2007;5(1):103–110.

14.	Lindgren SC, Flood LM, Kilander AF, et al. Early predictors of 
glucocorticosteroid treatment failure in severe and moderately 
severe attacks of ulcerative colitis. Eur J Gastroenterol Hepatol. 
1998;10(10):831–835.

15.	Baudet A, Colombel JF, Cortot A, et al. A fulminant colitis 
index greater or equal to 8 is not predictive of colectomy risk in 
infliximab-treated moderate-to-severe ulcerative colitis attacks. 
Gastroenterol Clin Biol. 2010;34(11):612–617.

16.	 Järnerot G, Hertervig E, Friis-Liby I, et al. Infliximab as 
rescue therapy in severe to moderately severe ulcerative co-
litis: a randomized, placebo-controlled study. Gastroenterology. 
2005;128(7):1805–1811.

17.	Le Baut G, Kirchgesner J, Amiot A, et al.; Saint Antoine IBD Net-
work. A scoring system to determine patients’ risk of colectomy 
within 1 year after hospital admission for acute severe ulcerative 
colitis. Clin Gastroenterol Hepatol. 2021;19(8):1602–1610.e1.

18.	Truelove SC, and MRCP, Witts LJ. British Medical Journal Cor-
tisone in Ulcerative Colitis ∗ Final Report on a Therapeutic Trial. 
doi:10.1136/bmj.2.4947.1041

19.	 Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5-aminosalicylic 
acid therapy for mildly to moderately active ulcerative colitis. A 
randomized study. N Engl J Med. 1987;317(26):1625–1629.

20.	Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 
of classifying prognostic comorbidity in longitudinal studies: devel-
opment and validation. J Chronic Dis. 1987;40(5):373–383.

https://doi.org/10.1136/bmj.2.4947.1041


8 One-year Colectomy in Severe Ulcerative Colitis

21.	McLean LP, Cross RK. Integrin antagonists as potential therapeutic 
options for the treatment of Crohn’s disease. Expert Opin Investig 
Drugs. 2016;25(3):263–273.

22.	Rubin DT, Ananthakrishnan AN, Siegel CA, et al. ACG clin-
ical guideline: ulcerative colitis in adults. Am J Gastroenterol. 
2019;114(3):384–413.

23.	Dwadasi S, Zafer M, Goens D, et al. Inpatient therapy with 
calcineurin inhibitors in severe ulcerative colitis. Inflamm Bowel 
Dis. Published online December 15, 2020. doi:10.1093/ibd/
izaa326

24.	Feuerstein JD, Isaacs KL, Schneider Y, et al.; AGA Institute Clin-
ical Guidelines Committee. AGA clinical practice guidelines on the 
management of moderate to severe ulcerative colitis. Gastroenter-
ology. 2020;158(5):1450–1461.

25.	Fumery M, Singh S, Dulai PS, Gower-Rousseau C, Peyrin-Biroulet 
L, Sandborn WJ. Natural History of Adult Ulcerative Colitis in 
Population-based Cohorts: A Systematic Review. doi:10.1016/j.
cgh.2017.06.016

26.	Williams JG, Alam MF, Alrubaiy L, et al. Infliximab versus 
ciclosporin for steroid-resistant acute severe ulcerative co-
litis (CONSTRUCT): a mixed methods, open-label, pragmatic 
randomised trial. Lancet Gastroenterol Hepatol. 2016;1(1):15–24.

27.	Macaluso FS, Cavallaro F, Felice C, et al. Risk factors and timing 
for colectomy in chronically active refractory ulcerative colitis: a 
systematic review. Dig Liver Dis. 2019;51(5):613–620.

28.	Zampeli E, Gizis M, Siakavellas SI, Bamias G. Predictors of re-
sponse to anti-tumor necrosis factor therapy in ulcerative colitis. 
World J Gastrointest Pathophysiol. 2014;5(3):293–303.

29.	Sandborn WJ, Rutgeerts P, Feagan BG, et al. Colectomy rate 
comparison after treatment of ulcerative colitis with placebo or 
infliximab. Gastroenterology. 2009;137(4):1250–60; quiz 1520.

30.	Gisbert JP, Mar AC, Mcnicholl AG, et al. Systematic Review with 
Meta-analysis: the Efficacy of a Second anti-TNF in Patients with 
Inflammatory Bowel Disease whose Previous anti-TNF Treatment 
Has Failed. doi:10.1111/apt.13083

31.	Sjöberg M, Magnuson A, Björk J, et al.; Swedish Organization for 
the Study of Inflammatory Bowel Disease (SOIBD). Infliximab as 
rescue therapy in hospitalised patients with steroid-refractory acute 
ulcerative colitis: a long-term follow-up of 211 Swedish patients. 
Aliment Pharmacol Ther. 2013;38(4):377–387.

32.	 Jakobovits SL, Jewell DP, Travis SPL. Infliximab for the treatment 
of ulcerative colitis: outcomes in Oxford from 2000 to 2006. Al-
iment Pharmacol Ther. 2007;25(9):1055–1060. doi:10.1111/
j.1365-2036.2007.03300.x

33.	Laharie D, Bourreille A, Branche J, et al.; Groupe d’Etudes 
Thérapeutiques des Affections Inflammatoires Digestives. 
Ciclosporin versus infliximab in patients with severe ulcerative 

colitis refractory to intravenous steroids: a parallel, open-label 
randomised controlled trial. Lancet. 2012;380(9857):1909–1915.

34.	Singh S, Allegretti JR, Siddique SM, Terdiman JP. AGA technical 
review on the management of moderate to severe ulcerative colitis. 
Gastroenterology. 2020;158(5):1465–1496.e17.

35.	Dassopoulos T, Cohen RD, Scherl EJ, et al. Ulcerative colitis care 
pathway. Gastroenterology. 2015;149(1):238–245.

36.	Etchevers MJ, Aceituno M, García-Bosch O, et al. Risk factors and 
characteristics of extent progression in ulcerative colitis. Inflamm 
Bowel Dis. 2009;15(9):1320–1325.

37.	Solberg IC, Høivik ML, Cvancarova M, Moum B; IBSEN Study 
Group. Risk matrix model for prediction of colectomy in a 
population-based study of ulcerative colitis patients (the IBSEN 
study). Scand J Gastroenterol. 2015;50(12):1456–1462.

38.	Henriksen M, Jahnsen J, Lygren I, et al. Ulcerative Colitis and 
Clinical Course: Results of a 5-Year Population-Based Follow-up 
Study (The IBSEN Study). https://academic.oup.com/ibdjournal/
article/12/7/543/4682727

39.	Kin C, Kate Bundorf M. As infliximab use for ulcerative colitis has 
increased, so has the rate of surgical resection. J Gastrointest Surg. 
2017;21(7):1159–1165.

40.	Lee J, Jee SR, Kim HW, et al. Factors associated with low adher-
ence to oral 5-aminosalicylic acid in patients with ulcerative colitis. 
PLoS One. 2019;14(3). doi:10.1371/journal.pone.0214129

41.	Law CC, Tariq R, Khanna S, et al. Systematic review with meta-
analysis: the impact of Clostridium difficile infection on the short- 
and long-term risks of colectomy in inflammatory bowel disease. 
Aliment Pharmacol Ther. 2017;45(8):1011–1020.

42.	Balram B, Battat R, Al-Khoury A, et al. Risk factors associated 
with clostridium difficile infection in inflammatory bowel dis-
ease: a systematic review and meta-analysis. J Crohns Colitis. 
2019;13(1):27–38.

43.	Clayton EM, Rea MC, Shanahan F, et al. The vexed relationship 
between Clostridium difficile and inflammatory bowel disease: an 
assessment of carriage in an outpatient setting among patients in 
remission. Am J Gastroenterol. 2009;104(5):1162–1169.

44.	Polage CR, Gyorke CE, Kennedy MA, et al. Overdiagnosis of clos-
tridium difficile infection in the molecular test era. JAMA Intern 
Med. 2015;175(11):1792–1801.

45.	McDonald LC, Gerding DN, Johnson S, et al. Clinical practice 
guidelines for clostridium difficile infection in adults and children: 
2017 update by the Infectious Diseases Society of America (IDSA) 
and Society for Healthcare Epidemiology of America (SHEA). Clin 
Infect Dis. 2018;66(7):e1–e48.

46.	Kruger AJ, Hinton A, Afzali A. Index severity score and early read-
mission predicts increased mortality in ulcerative colitis patients. 
Inflamm Bowel Dis. 2019;25(5):894–901.

https://doi.org/10.1093/ibd/izaa326
https://doi.org/10.1093/ibd/izaa326
https://doi.org/10.1016/j.cgh.2017.06.016
https://doi.org/10.1016/j.cgh.2017.06.016
https://doi.org/10.1111/apt.13083
https://doi.org/10.1111/j.1365-2036.2007.03300.x
https://doi.org/10.1111/j.1365-2036.2007.03300.x
https://academic.oup.com/ibdjournal/article/12/7/543/4682727
https://academic.oup.com/ibdjournal/article/12/7/543/4682727
https://doi.org/10.1371/journal.pone.0214129

