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ABSTRACT

Introduction: This analysis evaluated the rela-
tive performance of vedolizumab and anti-tu-
mor necrosis factor alpha (anti-TNFa) agents in
subpopulations of biologic therapy-naive
patients with Crohn’s disease (CD) and assessed
whether patients in whom vedolizumab would
have a larger treatment effect vs anti-TNFa
agents could be identified.
Methods: Data were from EVOLVE, a real-
world, multicountry, retrospective cohort study
of patients with inflammatory bowel disease

who initiated first-line biologic treatment with
vedolizumab (n = 195) or anti-TNFa agents
(n = 245). Prediction models for time to clinical
remission were developed in vedolizumab- and
anti-TNFa-treated patients and used to estimate
effect scores, a metric of predicted comparative
efficacy, for each patient. Patients were ranked
by effect scores and potential subpopulations
were investigated. Simplified rules to identify
these subpopulations were also developed using
classification tree analysis.
Results: Among all patients, median time to
clinical remission was 7.8 months (vedolizumab)
and 11.1 months (anti-TNFa) (P\ 0.05). Among
patients in the top 40% of the effect score distri-
bution, the median time to clinical remission was
4.8 months (vedolizumab) vs 18.1 months (anti-
TNFa) (adjusted hazard ratio 2.0, 95% confidence
interval 1.3–2.9). A simplified rule for identifying
a subpopulation more likely to benefit from
vedolizumab was based on having an ongoing
CD exacerbation, no prior emergency visits, and
non-stricturing disease.
Conclusions: Subpopulations of biologic-naive
patients with CD in whom vedolizumab
appeared to have a larger effect relative to anti-
TNFa agents for the outcome of clinical remis-
sion were identified. Validation of the identified
subpopulations and simplified rules are war-
ranted to confirm these findings.
ClinicalTrials.gov Identifier: NCT03710486.
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Graphical Abstract:

Stratified Patient Profiling for Vedolizumab 
Effectiveness in Crohn's Disease: Identifying Optimal 
Subgroups for Enhanced Treatment Response in the 
EVOLVE Study
Andres Yarur, Gerassimos J. Matzaris, Song Wang, Shashi Adsul, 
Pravin Kamble, Erin Cook, Gautam Sajeev, Annie Guerin, Brian Bressler

Introduction and Objective
Real-world data from the EVOLVE study were used to identify sub-populations of 
biologic-naïve Crohn’s disease patients who would have a greater response to 
treatment with vedolizumab.

Methods
Prediction models for time to clinical remission were developed in vedolizumab- and 
anti-TNFα–treated patients and used to estimate effect scores, a metric of predicted 
comparative efficacy, for each patient. Patients were ranked by effect scores and 
potential subpopulations were investigated. Simplified rules to identify these 
subpopulations were also developed using classification tree analysis.

Conclusions
Three simplified rules were identified with disease exacerbation, emergency 
department visits, and no fistulae prior to treatment initiation among the main predictors 
of clinical remission.

*ED/ER, emergency department/emergency room

The graphical abstract represents the opinions of the 
authors. For a full list of declarations, including 
funding and author disclosure statements, please see 
the full text outline. ©The authors, CC-BY-NC-2024

Results
Simplified rules for the top 40% (Rule A), top 60% (Rule B), and top 80% (Rule C) 
subpopulations were identified
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Key Summary Points

Real-world data from the EVOLVE study were
used to identify subpopulations of biologic-
naı̈ve patients with Crohn’s disease who
would have a greater response to treatment
with vedolizumab.

Three simplified rules were identified, with
disease exacerbation, emergency department
visits, and no fistulae prior to treatment
initiation among the main predictors of
clinical remission.

This set of simple rules identified subgroups
of patients in whom vedolizumab appeared
to have a larger effect on clinical remission
relative to anti-TNF initiation.

Further validation may lead to better
targeting of treatment and optimization of
outcomes for patients with Crohn’s disease
treated with vedolizumab.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract to facilitate
understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.25450780.

INTRODUCTION

International guidelines on the management of
patients with Crohn’s disease (CD) recommend
initial treatment with immune modulator
medications such as corticosteroids [1, 2].
Patients who do not respond to conventional
therapy may be prescribed treatment with bio-
logic anti-tumor necrosis factor alpha (anti-
TNFa) agents; however, these drugs may pose
some safety concerns and some patients either

do not respond to treatment or lose response
after experiencing a benefit [3].

Up to 30% of patients do not respond to
anti-TNFa agents [4]. When patients develop
non-response to anti-TNFa agents, switching to
treatment with vedolizumab (a4b7 integrin
inhibitor) or ustekinumab (interleukin-12/
23 p40 inhibitor) is recommended [1]. How-
ever, clinical studies showed greater efficacy of
vedolizumab in anti-TNFa-naive patients com-
pared with patients who failed to respond to
anti-TNFa [5], and exposure–efficacy analyses of
clinical data indicated that prior use of anti-
TNFa had a negative impact on response [6].

Real-world data on the use of vedolizumab in
anti-TNFa-naive patients (i.e., as a first-line bio-
logic) have thus far been limited. Previous anal-
yses of real-world data from biologic-naive
patients with CD from the EVOLVE study indi-
cated that the effectiveness of vedolizumab was
comparable with anti-TNFa [7]. An individualized
approach, which may include first-line biologic
treatment with vedolizumab instead of anti-TNFa
agents, has been suggested [2]. Identifying
patients with CD who are more likely to respond
to vedolizumab relative to anti-TNFa as a first-line
agent represents a gap in knowledge and would
be an important step forward when developing a
more personalized approach to CD therapy.

The individualized medicine approach
developed by Cai et al. can be used to identify
subpopulations for targeted treatment [8]. This
approach identifies optimal subpopulations
using a data-driven approach, which minimizes
bias that may be associated with choosing
specific subpopulations a priori. Conceptually,
this approach is based on identification of
patient characteristics predictive of response to
each treatment, calculation of an individualized
metric of predicted comparative efficacy
reflecting expected benefit of a treatment rela-
tive to the comparator for each patient, strati-
fication of patients into potential
subpopulations based on this metric, and char-
acterization of outcomes in these subpopula-
tions. In this study, we used this approach to
identify subpopulations of biologic-naive
patients with CD who had an especially pro-
nounced treatment effect on clinical remission
with vedolizumab compared with anti-TNFa
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agents. After identifying subpopulations of
patients with higher likelihood of clinical
remission on vedolizumab, we proceeded to
develop simplified rules based on a smaller set
of patient characteristics, for easier applicability
in clinical practice.

METHODS

Study Design and Patients

This analysis utilized data from patients with
CD included in the EVOLVE study. EVOLVE is a
real-world, multinational, multicenter, retro-
spective cohort study of adult patients
(aged C 18 years) with inflammatory bowel
disease. These patients initiated first-line bio-
logic treatments, either vedolizumab or anti-
TNFa agents, between May 2014 and July 2017
[7]. Data were collected from patients’ medical
charts between September 2017 and December
2018. Patients were included for analysis in the
current study if they had available data on
clinical remission and key baseline predictors.
The ‘‘index’’ treatment was the initial adminis-
tration of vedolizumab or anti-TNFa therapy.
The study was approved by the local ethics
committee at each participating site (Electronic
Supplementary Material [ESM] Table S1).
Patients alive at the time of chart abstraction
(99% of patients) signed an informed consent
form prior to participation in the study if there
was no waiver of informed consent.

Outcome: Clinical Remission

In the real-world EVOLVE study, clinical remis-
sion was defined using a hierarchical approach,
considering multiple measures, such as the
Crohn’s Disease Activity Index (CDAI), the Har-
vey-Bradshaw Index (HBI), the modified HBI
(mHBI), and a global assessment abstracted from
medical notes. Patients were considered to be in
clinical remission if they met any of the condi-
tions outlined in the following algorithm:
(i) CDAI of\150; or (ii) if CDAI was unknown,
HBI of B 4 points; or (iii) if HBI was unknown,
mHBI of B 4 points; or (iv) if mHBI was

unknown, if it was noted in the medical
chart that the patient was in remission. The date
of remission was determined as the date when
patients were first documented as meeting any of
these conditions in their medical records.

Development of Prediction Models

The approach to identify subpopulations of
patients with higher rates of clinical remission
is summarized in Fig. S1.

Two prediction models were developed for the
time from the initiation of index treatment to
clinical remission: one for patients treated with
vedolizumab, and the other for patients treated
with anti-TNFa agents. Several potential predic-
tors were considered, including patient demo-
graphics, prior treatments, clinical characteristics
at treatment initiation, Charlson Comorbidity
Index, prior extraintestinal manifestations (EIMs),
and measures of prior healthcare resource uti-
lization, excluding routine visits or referrals.
Potential predictors available for all patients were
investigated in the models. Potential predictors
available for C 50% but\100% of patients were
also investigated in the models; however, impu-
tation was performed when appropriate, such as
when missing data on a particular characteristic
could reasonably indicate the absence of the
characteristic being assessed. Potential predictors
with \50% availability were not considered in
the models. The lists of variables included and
excluded in the prediction models are presented
in Table S2 (see ESM).

Predictors of clinical remission in the two
aforementioned models were selected using the
least absolute shrinkage and selection operator
(LASSO) method [9]. The predictive models
were validated using fivefold cross-validation
(i.e., the dataset was randomly divided into five
approximately equal subsets; the LASSO-based
variable selection approach was applied in four
out of the five subsets [training dataset] and
then evaluated in the remaining subset [vali-
dation dataset]). This step was repeated such
that each subset served as the validation dataset
only once. Model performance was evaluated
using area under the curve (AUC) averaged
across the five validation datasets.

Adv Ther (2024) 41:2324–2341 2327



Identification and Evaluation of Potential
Higher-Efficacy Subpopulations

The prediction models developed within each
group were subsequently used to calculate an
‘‘effect score’’ for each individual patient. Effect
scores represent an individualized prediction of
the potential benefit for each patient treated
with vedolizumab. They were calculated as the
difference between the predicted probability of
clinical remission at 1 year with vedolizumab vs
anti-TNFa. Patients were then ranked by their
individual effect scores from highest to lowest,
with higher effect scores representing a larger
expected benefit on clinical remission when
treated with vedolizumab relative to anti-TNFa.
Potential subpopulations of patients were
defined by sequentially grouping patients with
the highest effect scores, including the top 20%,
top 40%, top 60%, and top 80%.

Differences in the occurrences of clinical
remission were then estimated between vedoli-
zumab- and anti-TNFa-treated patients within
each of these subpopulations. Propensity score
adjustment was performed within each sub-
population to account for differences in base-
line characteristics between vedolizumab- and
anti-TNFa-treated patients within the subpop-
ulations. Propensity scores were obtained from
a logistic regression model of treatment with
vedolizumab vs anti-TNFa within each subpop-
ulation. Adjustment variables in the propensity
score models included all the potential predic-
tors considered in the LASSO models. Balance of
baseline characteristics was assessed after
propensity score adjustment. The adjusted
treatment effect of vedolizumab vs anti-TNFa
on clinical remission was estimated in each
subpopulation using propensity score-weighted
Kaplan–Meier analyses and Cox proportional
hazards models adjusting for the propensity
score.

Development and Evaluation
of Simplified Decision Rules

Although the approach described above can
help identify patient subpopulations that may
benefit from vedolizumab, not all baseline

characteristics used in the prediction models
may be readily available in clinical practice.
Furthermore, calculating effect scores for indi-
vidual patients may be cumbersome in real-
world settings. Therefore, it is valuable to
develop simpler rules based on a reduced set of
baseline characteristics that can accurately
identify most, if not all, of the patients within
the target subpopulations.

To that end, we sought to determine whe-
ther the previously identified vedolizumab
subpopulations could be identified using sim-
plified rule sets relying on fewer baseline char-
acteristics. To achieve this, recursive
partitioning and regression tree (RPART) classi-
fication analysis [8] was used to predict mem-
bership in the higher remission subpopulations
previously identified for vedolizumab. The
RPART algorithm generates decision trees aimed
at classifying patients into the subpopulations
of interest based on a set of predictors. In our
pursuit of straightforward rules for patient
classification, we imposed a depth constraint of
three on the decision trees, meaning classifica-
tions were based on a maximum of three base-
line characteristics. We then derived simplified
rules for each subpopulation from the generated
decision trees.

To evaluate the ability of the simplified rules
to identify patients with a higher likelihood of
achieving remission with vedolizumab com-
pared with anti-TNFa, unadjusted and adjusted
analyses of the treatment effect of vedolizumab
vs anti-TNFa were conducted within the subsets
of patients identified using the simplified rules.

P values\ 0.05 were considered to be statis-
tically significant. All analyses were conducted
using R 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria: https://www.R-
project.org).

RESULTS

Patient Characteristics

A total of 195 patients treated with vedolizumab
and 245 treated with anti-TNFa agents from the
EVOLVE study met the current study inclusion
criteria (Table 1). Most (195/440, 44.3%)
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Table 1 Demographic and baseline characteristics of patients

Characteristic Vedolizumab
(n = 195)

Anti-TNFa
(n = 245)

Total
(N = 440)

P value

Treatment type \ 0.001*

Adalimumab 0 133 (54.29) 133 (30.23)

Certolizumab pegol 0 3 (1.22) 3 (0.68)

Infliximab 0 104 (42.45) 104 (23.64)

Infliximab-abda 0 2 (0.82) 2 (0.45)

Infliximab-dyyb 0 3 (1.22) 3 (0.68)

Vedolizumab 195 (100) 0 195 (44.32)

Age at index, years \ 0.001*

Mean ± SD 51.78 ± 16.71 39.18 ± 14.92 44.77 ± 16.92

Median (range) 52 (18–86) 36 (18–75) 44 (18–86)

Sex 0.78

Female 92 (47.18) 120 (48.98) 212 (48.18)

Male 103 (52.82) 125 (51.02) 228 (51.82)

Smoking status at index 0.49

Current smoker 30 (15.38) 32 (13.06) 62 (14.09)

Former smoker 34 (17.44) 57 (23.27) 91 (20.68)

Never smoked 102 (52.31) 120 (48.98) 222 (50.45)

Unknown 29 (14.87) 36 (14.69) 65 (14.77)

Exacerbation ongoing at index 89 (45.64) 135 (55.10) 224 (50.91) 0.06

One or more exacerbations within 6 months prior to

index

68 (34.87) 112 (45.71) 180 (40.91) \ 0.05*

Fistulae at most recent assessment prior to index event 7 (3.59) 37 (15.10) 44 (10.00) \ 0.001*

Location of intestinal involvement at most recent

assessment prior to index event

0.41

Colonic with/without upper GI disease 37 (18.97) 60 (24.49) 97 (22.05)

Ileal with/without upper GI disease 75 (38.46) 61 (24.90) 136 (30.91)

Ileocolonic with/without upper GI disease 64 (32.82) 84 (34.29) 148 (33.64)

Unspecified/unknown 19 (9.74) 40 (16.33) 59 (13.41)

Time from diagnosis to index treatment, years \ 0.001*

Mean ± SD 10.52 ± 12.83 5.73 ± 8.02 7.88 ± 10.71

Median (range) 6 (0.05–54.00) 2.24 (0–48.00) 3.6 (0–54.00)

Missing, n/N (%) 34/195 (17.44) 47/245 (19.18) 81/440 (18.41)
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Table 1 continued

Characteristic Vedolizumab
(n = 195)

Anti-TNFa
(n = 245)

Total
(N = 440)

P value

Type of disease behavior at most recent assessment

prior to index event

0.27

Non-stricturing, non-penetrating with/without

perianal disease

85 (43.59) 110 (44.90) 195 (44.32)

Penetrating with/without perianal disease 15 (7.69) 19 (7.76) 34 (7.73)

Stricturing with/without perianal disease 65 (33.33) 64 (26.12) 129 (29.32)

Unspecified/unknown 30 (15.38) 52 (21.22) 82 (18.64)

Overall disease severity at baseline \ 0.01*

Normal/remission 22 (11.28) 27 (11.02) 49 (11.14)

Mild 47 (24.10) 45 (18.37) 92 (20.91)

Moderate 80 (41.03) 80 (32.65) 160 (36.36)

Severe 14 (7.18) 48 (19.59) 62 (14.09)

Unknown 32 (16.41) 45 (18.37) 77 (17.50)

Primary reason for selecting index treatment (recoded) –

Anticipated superior efficacy 11 (5.64) 39 (15.92) 50 (11.36)

Anticipated superior safety 25 (12.82) 0 25 (5.68)

Lack of/incomplete response to prior non-biologic

therapy

110 (56.41) 143 (58.37) 253 (57.50)

Other 32 (16.41) 43 (17.55) 75 (17.05)

Unknown 17 (8.72) 20 (8.16) 37 (8.41)

IMM at index 33 (16.92) 78 (31.84) 111 (25.23) \ 0.001*

Patients with prior non-biologic therapy 154 (78.97) 213 (86.94) 367 (83.41) \ 0.05*

Steroid dependency/refractory status 0.57

Dependent 27 (13.85) 32 (13.06) 59 (13.41)

Refractory 5 (2.56) 3 (1.22) 8 (1.82)

Neither 163 (83.59) 210 (85.71) 373 (84.77)

Biochemical index 0.35

Abnormal 104 (53.33) 141 (57.55) 245 (55.68)

Normal 37 (18.97) 34 (13.88) 71 (16.14)

Unknown 54 (27.69) 70 (28.57) 124 (28.18)

Albumin at baseline 0.31
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patients had non-stricturing, non-penetrating
disease with/without perianal disease, and ileal
(136/440, 30.9%) or ileocolonic (148/440,
33.6%) location with/without upper gastroin-
testinal disease. At baseline, 160/440 (36.4%)
had moderate CD and 62/440 (14.1%) had sev-
ere CD. A total of 44/440 (10.0%) patients had
fistulae at their most recent assessment prior to
receiving their index treatment, and 224/220
(50.9%) had ongoing disease exacerbation (de-
fined as disease worsening of symptoms attrib-
uted to CD as noted in the medical record by
clinician assessment) at index.

Predictors of Clinical Remission

The prediction model for vedolizumab identi-
fied the following 11 characteristics as predic-
tors of time to clinical remission: location of
intestinal involvement (colonic, ileal, or both),
type of CD behavior (stricturing, penetrating, or
neither), prior non-biologic therapy, use of
immune modulators at treatment initiation,
steroid dependency (dependent or refractory),
fistulae at the most recent assessment prior to
index, having one or more pre-existing EIMs at
index, exacerbations at treatment initiation,
prior emergency department/emergency room

Table 1 continued

Characteristic Vedolizumab
(n = 195)

Anti-TNFa
(n = 245)

Total
(N = 440)

P value

Mean ± SD 17.15 ± 17.69 14.76 ± 16.39 15.75 ± 16.94

Median (range) 4.22 (0–46.10) 4.3 (1.90–50.00) 4.26 (0–50.00)

Missing, n/N (%) 106/195 (54.36) 118/245 (48.16) 224/440 (50.91)

CRP at baseline 0.13

Mean ± SD 15.78 ± 33.45 22.32 ± 38.54 19.28 ± 36.35

Median (range) 5 (0.10–250.00) 6.5 (0–222.00) 6 (0–250.00)

Missing, n/N (%) 65/195 (33.33) 95/245 (38.78) 160/440 (36.36)

Patients with one or more pre-existing EIMs ongoing

at index

35 (17.95) 44 (17.96) 79 (17.95) 1

Charlson comorbidity index (modified version) \ 0.05*

Mean ± SD 0.19 ± 0.57 0.08 ± 0.41 0.13 ± 0.49

Median (range) 0 (0–4.00) 0 (0–4.00) 0 (0–4.00)

Hospitalization prior to index 34 (17.44) 51 (20.82) 85 (19.32) 0.44

ED/ER visits prior to index 15 (7.69) 31 (12.65) 46 (10.45) 0.13

Surgical procedures prior to index 21 (10.77) 29 (11.84) 50 (11.36) 0.84

IBD-related surgical procedures since diagnosis 3 (1.54) 3 (1.22) 6 (1.36) 1

Values are n (%) unless otherwise specified
CRP C-reactive protein, ED/ER emergency department/emergency room, EIM extraintestinal manifestation, GI gas-
trointestinal, IBD inflammatory bowel disease, IMM immune modulator, SD standard deviation, TNFa tumor necrosis
factor alpha
*Statistically significant

Adv Ther (2024) 41:2324–2341 2331



(ED/ER) visits, prior hospitalizations, and prior
healthcare provider visits/referrals other than
routine visits (Table 2).

The prediction model for anti-TNFa identi-
fied only age as a predictor of time to clinical
remission (Table 2). The models were cross-val-
idated and showed an AUC of 0.62 for the
vedolizumab model and an AUC of 0.62 for the
anti-TNFa model.

Description of Higher-Efficacy
Vedolizumab Subpopulations

In the full population of included patients,
clinical remission rates at 12 and 24 months
based on unadjusted Kaplan–Meier analyses
were 60.9% and 75.7% in patients treated with
vedolizumab and 56.1% and 68.8% in patients

Table 2 Prediction models for time to clinical remission in vedolizumab and anti-TNFa treatment groups from LASSO

Characteristics selected Vedolizumab hazard ratio Anti-TNFa hazard ratio

Age, years 0.996

Location of intestinal involvement at index

Colonic (reference) 1.00

Ileal 0.80

Ileocolonic 0.82

Unspecified/unknown 1.00

Type of disease behavior at index

Non-stricturing, non-penetrating (reference) 1.00

Penetrating 1.39

Stricturing 0.83

Unspecified/unknown 1.00

IMM at index (yes vs no) 0.92

Fistulae at index (yes vs no) 0.57

One or more EIMs ongoing at index (yes vs no) 1.41

Exacerbation ongoing at index (yes vs no) 1.24

ED/ER visit prior to index (yes vs no) 0.53

Hospitalization prior to index (yes vs no) 1.18

HCP visit or referral prior to indexa (yes vs no) 0.78

Prior non-biologic therapy (yes vs no) 1.19

Steroid dependency/refractory status

Dependent (reference) 1.00

Refractory 0.61

Neither 0.89

ED/ER emergency department/emergency room, EIM extraintestinal manifestation, HCP healthcare provider, IMM
immune modulator, LASSO least absolute shrinkage and selection operator, TNFa tumor necrosis factor alpha
aOther than routine visits/referral
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treated with anti-TNFa agents. Unadjusted
median time to clinical remission (95% confi-
dence interval [CI]) was 9.0 (7.2–11.0) months
for patients treated with vedolizumab and 10.1
(7.6–12.7) months for patients treated with
anti-TNFa agents (unadjusted log-rank
P = 0.35). After propensity score adjustment,
clinical remission rates at 12 and 24 months
were 63.2% and 75.0% in patients treated with
vedolizumab and 51.2% and 64.9% in patients
treated with anti-TNFa agents. Adjusted median
time to clinical remission (95% CI) was 7.8
(6.3–10.9) months for patients treated with
vedolizumab and 11.1 (9.6–18.1) months for
patients treated with anti-TNFa agents (weigh-
ted log-rank P\0.05).

Differences in the rates of remission with
vedolizumab relative to anti-TNFa agents in

propensity score adjusted analyses within each
of the studied subpopulations are shown in
Fig. 1. Tables S3–7 (see ESM) show baseline
characteristics after adjustment in each sub-
population. The weighted median time to clin-
ical remission for patients treated with
vedolizumab relative to anti-TNFa agents in the
subpopulation of patients with the top 20% of
effect scores was 4.0 months for vedolizumab vs
14.1 months for anti-TNFa agents (adjusted
hazard ratio [HR] 3.3, 95% CI 1.9–5.8). Corre-
sponding median times to remission for vedo-
lizumab vs anti-TNFa agents and adjusted HR
estimates in the top 40%, top 60%, and top 80%
subpopulations were 4.8 vs 18.1 months (HR
2.0, 95% CI 1.3–2.9), 4.8 vs 12.7 months (HR
1.7, 95% CI 1.2–2.2), and 4.8 vs 11.7 months
(HR 1.4, 95% CI 1.0–1.8), respectively.

Fig. 1 Kaplan–Meier curves for adjusted time to clinical
remission, by subpopulation. The red line shows the
TNFa treatment group and the green line shows the

vedolizumab treatment group. TNF tumor necrosis factor.
*Statistically significant
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In each subpopulation, clinical remission by
1 year after index treatment was achieved in the
majority of patients treated with vedolizumab
compared with approximately half of the
patients treated with anti-TNFa agents (Fig. 2).
In the top 20% subpopulation, the estimated
proportions of vedolizumab- and anti-TNFa-
treated patients who achieved clinical remission
by 1 year were 91.5% and 47.2%, respectively;
in the top 80% subpopulation, the proportions
were 73.5% and 50.6%, respectively.

Compared with the full sample of patients
treated with vedolizumab, patients in the top
20% and 40% subpopulations treated with
vedolizumab were older (mean ages of
58.9 years and 55.1 years for the subpopula-
tions, respectively, vs 51.8 years for the full
sample), more likely to have non-stricturing
and non-penetrating disease behaviors (62.2%
and 60.7%, respectively, vs 43.6%), less likely to
have fistulae (0.0% and 0.0%, respectively, vs
3.6%), less likely to have ongoing exacerbation
of disease at index (75.6% and 67.4%, respec-
tively, vs 45.6%), more likely to have EIMs
(37.8% and 28.1%, respectively, vs 17.9%), and

less likely to have healthcare provider visit/re-
ferrals other than routine visits (22.2% and
36.0%, respectively vs 50.8%), or ED/ER visits
(0.0% and 0.0%, respectively vs 7.7%) (Table 3).

Description and Evaluation of Simplified
Decision Rules

Simplified rules for the top 40% (rule A), top
60% (rule B), and top 80% (rule C) subpopula-
tions are summarized (Fig. 3 and Table 4).

Rule A for the top 40% subpopulation was
based on the following criteria: patients (i) had
an exacerbation ongoing at index; (ii) did not
have ED/ER visits prior to index; and (iii) had
pre-index disease behavior classified as other
than stricturing with/without perianal disease.
Patients meeting these three criteria made up
32% of the patients included in our EVOLVE
analysis. Among these patients, median time to
clinical remission was 6.7 months for vedolizu-
mab-treated patients (n = 55) and 18.1 months
for anti-TNFa-treated patients (n = 86) (unad-
justed log-rank P\0.001), and the adjusted HR
of clinical remission for vedolizumab vs anti-
TNFa was 2.9 (95% CI 1.7–5.0).

Rule B for the top 60% subpopulation differs
with respect to one condition compared with
rule A above. Patients identified by this rule
(i) had an exacerbation ongoing at index; (ii)
did not have ED/ER visits prior to index; and
(iii) did not have fistulae at the most recent
assessment prior to index. Among patients
meeting rule B criteria, median time to clinical
remission was 7.2 months for vedolizumab-
treated patients (n = 81) and 14.1 months for
anti-TNFa-treated patients (n = 99) (unadjusted
log-rank P\0.01), and the adjusted HR of
clinical remission for vedolizumab vs anti-TNFa
was 2.1 (95% CI 1.3–3.4).

Rule C for the top 80% subpopulation was
based on the following criteria: (i) did not have
ED/ER visits prior to index; and (ii) did not have
fistulae at the most recent assessment prior to
index. Patients meeting these criteria encom-
passed 81% of the patients with CD included in
our EVOLVE analysis. Among these patients,
median time to clinical remission was
8.5 months for vedolizumab-treated patients

Fig. 2 Proportion of patients achieving clinical remission
by a 1 year and b 2 years in the vedolizumab and anti-
TNFa treatment groups, by subpopulation. TNFa tumor
necrosis factor alpha
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Table 3 Patient and disease characteristics of vedolizumab-treated patients in each subpopulation

Characteristic Top 20%
(n = 45)

Top 40%
(n = 89)

Top 60%
(n = 128)

Top 80%
(n = 165)

All patients
(N = 195)

Mean ± SD age, years 58.9 ± 15.2 55.1 ± 16.0 52.9 ± 16.7 52.8 ± 16.3 51.8 ± 16.7

Sex, n (%)

Female 21 (46.7) 40 (44.9) 61 (47.7) 79 (47.9) 92 (47.2)

Male 24 (53.3) 49 (55.1) 67 (52.3) 86 (52.1) 103 (52.8)

Location of intestinal involvement at index, n (%)

Colonic 15 (33.3) 24 (27.0) 30 (23.4) 33 (20.0) 37 (19.0)

Ileal 15 (33.3) 29 (32.6) 41 (32.0) 61 (37.0) 75 (38.5)

Ileocolonic 10 (22.2) 26 (29.2) 42 (32.8) 53 (32.1) 64 (32.8)

Unspecified 5 (11.1) 10 (11.2) 15 (11.7) 18 (10.9) 19 (9.7)

Type of disease behavior at index, n (%)

Non-stricturing, non-

penetrating

28 (62.2) 54 (60.7) 67 (52.3) 78 (47.3) 85 (43.6)

Penetrating 6 (13.3) 9 (10.1) 12 (9.4) 12 (7.3) 15 (7.7)

Stricturing 6 (13.3) 12 (13.5) 32 (25.0) 51 (30.9) 65 (33.3)

Unspecified 5 (11.1) 14 (15.7) 17 (13.3) 24 (14.5) 30 (15.4)

IMM at index, n (%) 10 (22.2) 16 (18.0) 21 (16.4) 29 (17.6) 33 (16.9)

Fistulae at index, n (%) 0 0 1 (0.8) 2 (1.2) 7 (3.6)

One or more EIMs ongoing at

index, n (%)

17 (37.8) 25 (28.1) 27 (21.1) 32 (19.4) 35 (17.9)

Exacerbation ongoing at index,

n (%)

34 (75.6) 60 (67.4) 77 (60.2) 82 (49.7) 89 (45.6)

ED/ER visit prior to index, n (%) 0 0 1 (0.8) 3 (1.8) 15 (7.7)

Hospitalization prior to index,

n (%)

12 (26.7) 21 (23.6) 27 (21.1) 31 (18.8) 34 (17.4)

HCP visit or referral prior to

index, n (%)

10 (22.2) 32 (36.0) 52 (40.6) 77 (46.7) 99 (50.8)

Prior non-biologic therapy, n (%) 44 (97.8) 83 (93.3) 115 (89.8) 140 (84.8) 154 (79.0)

Steroid dependency/refractory status, n (%)

Dependent 10 (22.2) 14 (15.7) 19 (14.8) 22 (13.3) 27 (13.8)

Refractory 0 1 (1.1) 2 (1.6) 4 (2.4) 5 (2.6)
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(n = 174) and 11.1 months for anti-TNFa-trea-
ted patients (n = 182) (unadjusted log-rank
P\ 0.05), and the adjusted HR of clinical
remission for vedolizumab vs anti-TNFa was 1.7
(95% CI 1.2–2.3).

DISCUSSION

Given the multitude of treatment options
available for inflammatory bowel diseases, the
identification of patient characteristics that
enhance the likelihood of a therapeutic
response to specific medications could signifi-
cantly inform treatment decisions. However,
achieving this requires a method of identifying
such patients. In this study, we used real-world
data from patients with CD from the EVOLVE
real-world study to ascertain whether we could
identify subpopulations of patients with higher
rates of clinical remission when treated with
vedolizumab vs anti-TNFa on the basis of dif-
ferences in predictors of clinical remission
between these two groups. Following the iden-
tification of potential subpopulations, we char-
acterized differences in remission outcomes
within the subpopulations. Finally, we derived a
simplified set of rules, which could be readily
implemented in real-world clinical practice, to
identify patients more likely to benefit from
vedolizumab.

Other studies have examined predictors of
response in patients with CD treated with
vedolizumab. A tool by Dulai et al. developed
using vedolizumab clinical trial data found that
prior bowel surgery, prior anti-TNF exposure,
fistulizing disease, albumin, and C-reactive
protein (CRP) were associated with response to
vedolizumab in a mixed population of biologic-

experienced and biologic-naive patients [10]. A
study by Baumgart et al. using a Spanish cohort
of patients with CD treated with vedolizumab
found that a low HBI score and no hospitaliza-
tions were predictors of remission [11]. Another
study by Shelton et al. using a US cohort of
patients with CD treated with vedolizumab
found that baseline CRP C 8 mg/l was associ-
ated with lower odds of response [12]. Although
these studies offer valuable insights, their pri-
mary aim was to predict which patients were
more likely to achieve favorable outcomes when
treated with vedolizumab, rather than to
specifically identify those who might have bet-
ter outcomes with vedolizumab vs an anti-
TNFa. It is possible that a subset of patients will
experience remission, regardless of the treat-
ment they receive. However, our objective was
to investigate whether we can discern patients
who are more likely to benefit from vedolizu-
mab compared with anti-TNFa agents.

In the current study, patient characteristics
associated with higher rates of clinical remis-
sion on vedolizumab relative to anti-TNFa
agents included having an exacerbation at
treatment initiation, having no ED/ER visits
prior to treatment initiation, and having no
fistulae at the most recent assessment prior to
treatment initiation. Classifying patients solely
on the basis of these patient characteristics was
largely successful in replicating the subpopula-
tion classifications initially derived from a
broader set of identified predictors. Neverthe-
less, external validation of the simplified rules
presented in this study is needed to understand
their reproducibility in different populations,
and to provide further guidance on their appli-
cation in clinical practice.

Table 3 continued

Characteristic Top 20%
(n = 45)

Top 40%
(n = 89)

Top 60%
(n = 128)

Top 80%
(n = 165)

All patients
(N = 195)

Neither 35 (77.8) 74 (83.1) 107 (83.6) 139 (84.2) 163 (83.6)

Characteristics of patients in the different subpopulations were not compared statistically given that patients overlapped
between the different thresholds (e.g., patients in the top 20% are also included in the top 40%, etc.)
ED/ER emergency department/emergency room, EIM extraintestinal manifestation, HCP healthcare provider, IMM
immune modulator, SD standard deviation
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In addition to treatment efficacy, other fac-
tors considered to inform treatment decisions
include safety, patient preferences, and cost.
Previous studies conducted within the EVOLVE
population have shown that biologic-naive
patients treated with vedolizumab were less

likely to experience serious side effects com-
pared with patients treated with anti-TNFa [13].
Although not examined in this study because of
a lack of available data, exploring whether the
patient subpopulations identified here may
have a lower risk of adverse events would be

Fig. 3 Kaplan–Meier curves for adjusted time to clinical
remission, by subpopulation. The red line shows the anti-
TNFa treatment group and the green line shows the
vedolizumab treatment group. ED/ER emergency depart-
ment/emergency room, TNFa tumor necrosis factor alpha.

aBased on prediction models, an effect score was estimated
for each patient as the difference in the predicted 1-year
rate of clinical remission associated with vedolizumab vs
anti-TNFa treatment
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helpful in future research. Further, cost is an
important consideration during treatment
selection. The current study did not assess cost,
as it will vary among patients according to
geographical location and insurance coverage,
as well as recently available biosimilars.

The current study is subject to several limi-
tations. First, patient characteristics considered
as potential predictors of clinical remission were
limited to those that were available for C 50%
of patients in the real-world EVOLVE study.
Variables not available in this real-world data
source, such as magnetic resonance imaging or
endoscopy results, as well as variables with large
portions of missing data, such as CRP, were not
included. It is possible that additional variables
not included in the model could impact relative
efficacy of vedolizumab vs anti-TNFa. For
example, age at diagnosis and initial use of
steroids were not available and are known to be
important prognostic factors in patients with
CD [14, 15]. Subpopulations identified may
have differed had these other predictors also
been available. In addition, the model AUC was
0.62 for both models, which may have been
improved if other predictors had been available.

Further, EVOLVE data reflect real-world
clinical practice across multiple countries and
centers. As such, in contrast with clinical trials
with prospective, regimented assessments of
key disease features, some variables included in
this study were only recorded in the notes when
assessed during visits (such as assessment if
exacerbation was ongoing or the notation of
when one of the components of the clinical
remission hierarchical definition was achieved).
However, these limitations would apply to both
treatment groups equally, and would not be
expected to bias comparisons across groups.

An additional limitation is that anti-TNF
agents were collectively studied as a group and
differences between individual anti-TNFa
agents were not considered. Although addi-
tional treatments such as biosimilars are now
also treatment options for patients, the EVOLVE
study only collected information on patients
treated with vedolizumab or anti-TNFa. Finally,
although adjustments for baseline characteris-
tics were performed to reduce bias, this was not
a head-to-head, prospective randomizedT
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controlled trial; therefore, some residual bias
may exist.

CONCLUSION

In this study, we have described a simple set of
rules that can identify subgroups of patients
with CD in whom vedolizumab appeared to
have a larger effect relative to anti-TNFa agents
for the outcome of clinical remission. The major
strength of this study was that it included real-
world, biologic-naive patients with CD and,
therefore, mirrors routine worldwide clinical
practice. Prospective validation of the identified
subpopulations in other data sources is needed
to confirm these findings. If validated, these
rules can inform targeting of treatment and
optimization of outcomes for patients with CD
treated with vedolizumab.
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