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BACKGROUND & AIMS: Vedolizumab is a gut-selective
monoclonal antibody for the treatment of moderately to
severely active Crohn’s disease (CD). We performed a pro-
spective study of endoscopic, radiologic, and histologic healing
in patients with CD who received vedolizumab therapy.
METHODS: We performed a phase 3b, open-label, single-group
study of 101 patients with at least 3 months of active CD (a CD
Activity Index [CDAI] score of 220–450, a simple endoscopic
score for CD [SES-CD] of 7 or more, 1 or more mucosal ulcer-
ations [identified by endoscopy], and failure of conventional
therapy) from March 2015 through December 2017. Among the
patients enrolled, 54.5% had previous failure of 1 or more tu-
mor necrosis factor (TNF) antagonists and 44.6% had severe
endoscopic disease activity (SES-CD scores above 15) at base-
line. Participants received vedolizumab (300 mg intravenously)
at weeks 0, 2, and 6, and then every 8 weeks thereafter, for 26
weeks (primary study) or 52 weeks (substudy, 56 patients).
The primary endpoint at week 26 was endoscopic remission
(SES-CD score of 4 or less); other endpoints included endo-
scopic response (50% reduction in SES-CD), radiologic remis-
sion (magnetic resonance index of activity score below 7), and
histologic response (modified global histologic disease activity
score of 4 or less). RESULTS: At week 26, 11.9% of patients
were in endoscopic remission (95% confidence interval [CI]
6.3–9.8); at week 52, 17.9% of the patients were in endoscopic
remission (95% CI 8.9–30.4). Higher proportions of patients
naïve to TNF antagonists achieved endoscopic remission than
patients with TNF-antagonist-failure at weeks 26 and 52.
Higher proportion of patients with moderate CD (SES-CD
scores, 7–15) achieved endoscopic remission at weeks 26 and
52 than patients with severe CD (SES-CD scores above 15). The
proportion of patients with complete mucosal healing increased
over time, with greater rates of healing in the colon than in the
ileum. Remission was detected by magnetic resonance enter-
ography in 21.9% of patients at week 26 (95% CI 9.3–40.0) and
in 38.1% at week 52 (95% CI 18.1–61.6). At week 26, 24.4% of
patients had a histologic response in the colon (95% CI 15.3–
35.4) and 28.3% of patients had a histologic response in the
ileum (95% CI 17.5–41.4). At week 52, 20.5% of patients had a
histologic response in the colon (95% CI 9.8–35.3) and 34.3%
of patients had a histologic response in the ileum (95% CI 19.1–
52.2). There were no notable safety issues, including worsening
of extraintestinal manifestations. CONCLUSIONS: In a phase 3b
trial, we found that 26 and 52 weeks of treatment with vedo-
lizumab (300 mg, at weeks 0, 2, and 6, and then every 8 weeks
FLA 5.6.0 DTD � YGAST62749_proof
thereafter) induces endoscopic, radiologic, and histologic heal-
ing in patients with moderately to severely active CD.
ClinicalTrials.gov no: NCT02425111.
Keywords: Monoclonal Antibody; Integrin a₄; b₇; mGHAS; Long-
Term Outcome.

rohn’s disease (CD) frequently causes structural
Cdamage to the gastrointestinal tract resulting in
complications of stricture, fistula and abscess formation,
loss of function, and impaired health-related quality of life
(HRQL).1–5 Surgery is often required to treat complications
of the disease, placing patients at risk for operative
morbidity, impaired bowel function, postoperative recur-
rence, and mortality.5 Thus, new approaches to treatment
are needed.

Currently, it is no longer considered sufficient to target
clinical symptoms alone. Support is growing for a new dis-
ease management paradigm based on treatment targeting
both clinical symptom relief and objective measures of
inflammation, such as endoscopy. The goal of this approach
is to improve disease prognosis by preventing structural
bowel damage.2,3,6 The Selecting Therapeutic Targets in
Inflammatory Bowel Disease (STRIDE) consensus advocates
a composite treatment target of endoscopic healing and
symptomatic remission. This includes a recommendation
that absence of large ulcers is the most appropriate endo-
scopic treatment target.6 However, definitions of endoscopic
� 26 August 2019 � 8:20 pm � ce
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

Crohn’s disease (CD) frequently causes structural
damage to the gastrointestinal tract, often requiring
treatment with risky surgery. Vedolizumab is a gut-
selective monoclonal antibody for the treatment of
moderately to severely active Crohn’s disease (CD).

NEW FINDINGS

The authors observed endoscopic remission in 11.9%
and 17.9% of vedolizumab patients at weeks 26 and 52,
respectively. Endoscopic remission was greater in
patients naïve to anti-TNF agents than patients who
have had these drugs fail.

LIMITATIONS

This was an open-label study with no comparison group;
a protocol amendment during the study required analysis
of 2 study populations (a 26-week primary and a 52-week
sub-study population).

IMPACT

These results demonstrate the efficacy of vedolizumab to
induce and sustain endoscopic improvements in patients
with moderately to severely active CD.
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endpoints have not been uniformly incorporated into CD
clinical trial protocols, and remain incompletely validated.7

Endoscopic remission has been defined using different
thresholds for the simple endoscopic score for CD (SES-CD)
or the CD Endoscopic Index of Severity (CDEIS) score, or as
complete absence of ulceration,8–11 which varies depending
on whether or not aphthae are considered. Clinical trial
experience shows that endoscopic healing is difficult to
achieve in CD. As a result, endoscopic response, a less
stringent measure of endoscopic healing (defined as a 50%
reduction from baseline in SES-CD score), has become a
widely accepted benchmark.

Other methods may provide alternatives to endoscopy
for objectively assessing inflammation. Magnetic resonance
enterography (MREn) is particularly attractive because
healing of the mucosa and deeper layers of the bowel wall
can be assessed. The magnetic resonance index of activity
(MaRIA) is a quantitative MREn measure of disease activity.
Although preliminary validation studies suggest MaRIA is
reliable and responsive, experience with MaRIA as an
outcome measure in clinical trials is lacking.

Histology, another potential outcome measure, has not
been widely used in CD trials because of the lack of a vali-
dated scoring system, complex heterogeneity of disease
location, and the patchy nature of microscopic inflamma-
tion.12 Nevertheless, quantification of inflammation on
endoscopic biopsies seems to be a clinically relevant goal in
CD trials, given recent developments in validating tools for
histologic assessment in ulcerative colitis trials.13

Vedolizumab is an anti-a4b7-integrin humanized
immunoglobulin G1 monoclonal antibody that selectively
blocks T-lymphocyte trafficking into the gastrointestinal
mucosa.14 The pivotal GEMINI 2 and 3 trials of vedolizumab
in moderately to severely active CD demonstrated the
FLA 5.6.0 DTD � YGAST62749_proof
benefit of vedolizumab on clinical outcomes; however, these
studies did not include endoscopic, radiologic, or histologic
assessments.15,16 Subsequently, several observational
studies have described beneficial effects for vedolizumab
therapy on endoscopically defined inflammation, although
these reports were mostly retrospective and did not use
centrally read endoscopy to score disease activity according
to the SES-CD or CDEIS.17–23

The objective of the VERSIFY study was to prospectively
evaluate the efficacy of vedolizumab therapy on endoscopic
remission and response in patients with moderately to
severely active CD. We also assessed effects of the drug on
radiologically (MREn) and histologically defined inflamma-
tion as exploratory endpoints.

Materials and Methods
Patient Population

Eligible patients were adults, 18 to 80 years of age, with a
diagnosis of moderately to severely active CD �3 months.
Active disease was defined by a baseline CD Activity Index
(CDAI) score of 220 to 450 and SES-CD score �7 with any ulcer
(including aphthae) in any bowel segment including the ileum
and/or colon documented by centrally read ileocolonoscopy.
Patients were required to have inadequate response, loss of
response, or intolerance to at least one of the following: corti-
costeroids, immunosuppressives, and/or tumor necrosis factor
(TNF)-antagonists.

Patients with history or clinical evidence of an abdominal
abscess, extensive bowel resection, colonic mucosal dysplasia,
and those with prior exposure to vedolizumab, natalizumab,
efalizumab, or rituximab were ineligible. Concomitant treat-
ment with immunosuppressives, oral 5-aminosalicylic acid,
corticosteroids (maximum dose 30 mg/d prednisone or 9 mg/
d budesonide), antibiotics, and antidiarrheals was allowed.
Corticosteroid tapering was recommended but not mandatory
following clinical response or if the investigator felt there was
sufficient improvement.

Study Design and Assessments
This was an open-label, single-arm, multicenter phase 3b

study conducted between March 2015 and December 2017
(ClinicalTrials.gov: NCT02425111; EudraCT: 2014-003509-13).
After a screening period of up to 4 weeks, eligible patients
received 26 weeks of treatment (vedolizumab 300-mg intra-
venous infusion over 30 minutes on day 1 and at weeks 2, 6, 14,
and 22 [original protocol, December 2014]). The protocol was
subsequently amended (“Amendment 4,” April 2016) to extend
treatment for a total of 52 weeks with infusions at weeks 30,
38, and 46. Patients in the study at the time of the amendment
and those enrolled post-amendment were treated and assessed
up to week 52 (Supplementary Figure 1). Increasing the
vedolizumab dose frequency was not included in the study
design.

Ileocolonoscopy was performed at screening (for eligi-
bility), weeks 14 and 26 (primary study), and week 52 (sub-
study). The endoscopic images were evaluated by central
readers, who were trained in scoring the SES-CD (score range
0–56; higher score indicates more severe inflammation).24,25

The central readers were blinded to other clinical data. MREn
� 26 August 2019 � 8:20 pm � ce
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was performed at screening, week 26, and week 52 in a subset
of patients recruited at preselected study sites. To ensure MREn
capture using standardized protocol, sites received expert-to-
site technologist training, either face-to-face or via conference
call. MaRIA was used to evaluate disease activity (no standard
range, score calculated based on MREn features, higher score
indicates greater severity).26 Images were read by a central
radiologist experienced in the scoring conventions, and blinded
to time point and other endoscopic or clinical data. Biopsies
were sampled (2 for each segment regardless of whether active
inflammation was present) at screening, week 26, and week 52.
Histology was evaluated by a central pathologist, blinded to
endoscopic and clinical data, using a modified global histologic
disease activity score (GHAS) (score range, 0–12 per segment;
higher score indicates more severe microscopic inflamma-
tion).27 Further details on endoscopic, radiologic, and histologic
assessments are in the Supplemental Methods.

Clinical assessments using CDAI scores,28 HRQL assess-
ments using the inflammatory bowel disease questionnaire
(IBDQ), and the EuroQOL-5D (EQ-5D) scores,29,30 and the bio-
markers serum C-reactive protein (CRP) and fecal calprotectin
(FCP) were analyzed.

Safety assessments were performed at each study visit and
at a follow-up visit 18 weeks after the last study treatment
dose, and at a final visit a further 8 weeks later (ie, total of 6
months after final dose). Safety also included reports made
spontaneously at any time during the study.

Study Endpoints
The primary endpoint was the proportion of patients with

endoscopic remission (defined as SES-CD �4) at week 26.
Secondary endoscopic endpoints were the proportions of
patients with endoscopic remission at weeks 14 and 52,
complete mucosal healing (defined as absence of any ulcers,
including aphthae), and endoscopic response (defined as
�50% decrement from baseline in SES-CD score) at weeks
14, 26, and 52. Changes from baseline in SES-CD were
assessed.

Secondary clinical endpoints were the proportions of pa-
tients with clinical remission (defined as a CDAI �150), clinical
response (defined as a �100-point CDAI reduction from base-
line) at weeks 10, 26, and 52,28 and durable clinical remission
(remission at both weeks 26 and 52). Changes from baseline in
CDAI were assessed.

Exploratory endpoints included radiologic remission
(defined as MaRIA scores <7 in all segments) or <11 across all
bowel segments in those patients with baseline scores of �7 or
�11 in �1 segment, respectively, histologic response (defined
as the proportion with modified GHAS �4 in those patients
with baseline score >4), and histologic remission (defined as
proportion with no neutrophils in the epithelium in those pa-
tients with neutrophils at baseline). Changes from baseline in
MaRIA and GHAS scores were assessed.

Other exploratory endpoints were changes from baseline in
concentrations of the biomarkers serum CRP and FCP, and
changes from baseline in the HRQL scores IBDQ and EQ-5D.

Safety endpoints were the proportion of patients with
adverse events (AEs) classified by Medical Dictionary for Reg-
ulatory Activities terms (version 20.0). Extraintestinal mani-
festations (EIMs) captured on the CDAI diary card were
evaluated.
FLA 5.6.0 DTD � YGAST62749_proof
Statistical Analysis
The full analysis set for both the primary (n ¼ 101) and

substudy populations (n ¼ 56) included all patients who
received �1 dose of vedolizumab. Descriptive statistics were
used to summarize baseline characteristics. For all proportion-
based efficacy endpoints, the point estimates with 2-sided 95%
confidence intervals (CIs) were calculated using the Clopper-
Pearson method. For all continuous variables, descriptive sta-
tistics by study visit and mean or median changes over time
were generated. Endpoints from the primary and substudy
populations were analyzed separately owing to key differences
in baseline characteristics between the populations that would
otherwise confound comparison of early vs later time points.

The ulceration status at any visit was determined by the
presence/absence of ulceration across all segments evaluated
at that visit. Patients with missing data were imputed as non-
responders. Endpoints were assessed in subgroups based on
key disease characteristics.

The relationship between outcome measures based on all
available (nonmissing) data at all study visits was analyzed
using Pearson correlation.

All authors had access to the study data and have reviewed
and approved the final manuscript.
Results
Patient Characteristics

A total of 191 patients were screened (Figure 1). From
March 2015 to June 2017, 101 patients entered the primary
study at 42 centers, with 78 completing 26 weeks of
treatment; 56 patients were consented under Amendment 4
and thus were eligible for 52 weeks of treatment, with 50
completing follow-up. The most common reasons for pre-
mature discontinuation were perceived lack of efficacy (n ¼
15 and n ¼ 7 in first and second 26 weeks) and AEs (n ¼ 2
and n ¼ 3 in first and second 26 weeks).

Baseline characteristics of the primary and substudy
populations are shown in Table 1. Notably, 55 (54.5%) of
101 patients had experienced previous TNF-antagonist
therapy failure; 23 (22.8%) of 101 had 1 TNF-antagonist
failure; 32 (31.7%) of 101 had 2 or more failures. In the
52-week substudy population, 24 (42.9%) of 56 patients
had a prior TNF-antagonist therapy failure (10 [17.9%] of
56 with 1 prior TNF-antagonist; 14 [25.0%] of 56 with �2).

Endoscopic Disease Activity
For the primary endpoint, 12 (11.9%; 95% CI 6.3–19.8)

of 101 patients in the 26-week primary study population
achieved endoscopic remission at week 26. In the 52-week
substudy population, 9 (16.1%; 95% CI 7.6–28.3) of 56
were in endoscopic remission at week 26, and 10 (17.9%;
8.9–30.4) of 56 at week 52 (Figure 2A).

Endoscopic remission rates were consistently greater in
patients naïve to TNF antagonists (Figure 2B). In the
26-week primary study population, 9 (19.6%; 95% CI 9.4–
33.9) of 46 TNF-antagonist-naïve patients achieved
endoscopic remission at week 26, compared with 3 (5.5%;
1.1–15.1) of 55 TNF-antagonist-failure patients. These
findings were similar in the 52-week substudy population,
� 26 August 2019 � 8:20 pm � ce
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Figure 1. Patient flow for
26-week primary study
and 52-week substudy.

Table 1.Key Patient Characteristics of the Study Populations

26-week
primary study

n ¼ 101

52-week
substudy
n ¼ 56

Women, n (%) 49 (48.5) 26 (46.4)
Age, mean (SD), y 38.0 (±14.0) 39.6 (±14.8)
Weight, mean (SD), kg 73.9 (±18.8) 73.6 (±18.9)
CD duration, mean (SD), y 11.5 (±9.6) 11.2 (±10.3)
SES-CD

Mean (SD) 16.0 (±7.8) 16.7 (±7.4)
Median (min, max) 14.0 (4, 37) 14.5 (7, 34)

SES-CD, n (%)
SES-CD 7<15, % 53 (52.5) 29 (51.8)
SES-CD �15, % 45 (44.6) 27 (48.2)

CDAI
Mean (SD) 324.2 (±66.3) 306.5 (±65.3)
Median (min, max) 312.0 (193, 440) 294.0 (193, 467)

Smoker, n (%) 33 (32.7) 20 (35.7)
Prior TNF-antagonist failure, n (%) 55 (54.5) 24 (42.9)
Baseline CRP, mg/dL mean (±SD) [range] 17.7 (±28.2) [0.2, 132.9] 15.5 (±26.4) [0.2, 113.8]
Elevated CRP >10 mg/L, n (%) 40 (39.6) 19 (33.9)
Baseline FCP, mg/g mean (±SD) [range] 1484.9 (±1812.0) [44, 11128] 1418.6 (±1723.2) [67, 11128]
Elevated FCP >500 mg/g, n (%) 63 (62.4) 37 (66.1)
Ileal involvement, n (%) 63 (62.3) 36 (64.3)
Fistula present, n (%) 7 (6.9) 3 (5.4)

max, maximum; min, minimum; SD, standard deviation.

4 Danese et al Gastroenterology Vol. -, No. -
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Figure 2. Rate of endo-
scopic remission (primary
endpoint) in the 26-week
primary study and 52-
week substudy: (A) overall
populations; (B) TNF-
antagonist subgroups; (C)
baseline endoscopic dis-
ease activity subgroups;
and (D) baseline disease
duration subgroups.

- 2019 Vedolizumab and Endoscopic Healing in CD 5

FLA 5.6.0 DTD � YGAST62749_proof � 26 August 2019 � 8:20 pm � ce

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

CL
IN
IC
AL

AT



Table 2.Rates of Complete Mucosal Healing and Endoscopic Response and Clinical Remission and Response in the 26-week Primary Study and 52-week Substudy
(Overall Populations and TNFa Subgroups)

n/N (%) [95% CI] Primary 26-week study population 52-week substudy population

Endoscopic outcomes
Complete mucosal healing Week 14 Week 26 Week 14 Week 26 Week 52

Overall 12/101 (11.9) [6.3–19.8] 15/101 (14.9) [8.6–23.3] 7/56 (12.5) [5.2–24.1] 11/56 (19.6) [10.2–32.4] 10/56 (17.9) [8.9–30.4]
TNF naïve 7/46 (15.2) [6.3–28.9] 11/46 (23.9) [12.6–38.8] 6/32 (18.8) [7.2–36.4] 9/32 (28.1) [13.7–46.7] 9/32 (28.1) [13.7–46.7]
TNF failure 5/55 (9.1) [3.0–20.0] 4/55 (7.3) [2.0–17.6] 1/24 (4.2) [0.1–21.1] 2/24 (8.3) [1.0–27.0] 1/24 (4.2) [0.1–21.1]

Endoscopic response Week 14 Week 26 Week 14 Week 26 Week 52
Overall 34/101 (33.7) [24.6–43.8] 25/101 (24.8) [16.7–34.3] 26/56 (46.4) [33.0–60.3] 17/56 (30.4) [18.9–44.1] 30/56 (53.6) [39.7–67.0]
TNF naïve 20/46 (43.5) [28.9–58.9] 13/46 (28.3) [16.0–43.5] 18/32 (56.3) [37.7–73.6] 11/32 (34.4) [18.6–53.2] 21/32 (65.6) [46.8–81.4]
TNF failure 14/55 (25.5) [14.7–39.0] 12/55 (21.8) [11.8–35.0] 8/24 (33.3) [15.6–55.3] 6/24 (25.0) [9.8–46.7] 9/24 (37.5) [18.8–59.4]

Clinical outcomes
Clinical remission Week 10 Week 26 Week 10 Week 26 Week 52

Overall 36/101 (35.6) [26.4–45.8] 42/101 (41.6) [31.9–51.8] 26/56 (46.4) [33.0–60.3] 32/56 (57.1) [43.2–70.3] 28/56 (50.0) [36.3–63.7]
TNF naïve 20/46 (43.5) [28.9–58.9] 24/46 (52.2) [36.9–67.1] 15/32 (46.9) [29.1–65.3] 20/32 (62.5) [43.7–78.9] 18/32 (56.3) [37.7–73.6]
TNF failure 16/55 (29.1) [17.6–42.9] 18/55 (32.7) [20.7–46.7] 11/24 (45.8) [25.6–67.2] 12/24 (50) [29.1–70.9] 10/24 (41.7) [22.1–63.4]

Clinical response Week 10 Week 26 Week10 Week 26 Week 52
Overall 55/101 (54.5) [44.2–64.4] 61/101 (60.4) [50.2–70.0] 34/56 (60.7) [46.8–73.5] 41/56 (73.2) [59.7–84.2] 33/56 (58.9) [45.0–71.9]
TNF naïve 24/46 (52.2) [36.9–67.1] 29/46 (63.0) [47.5–76.8] 18/32 (56.3) [37.7–73.6] 24/32 (75.0) [56.6–88.5] 20/32 (62.5) [43.7–78.9]
TNF failure 31/55 (56.4) [42.3–69.7] 32/55 (58.2) [44.1–71.3] 16/24 (66.7) [44.7–84.4] 17/24 (70.8) [48.9–87.4] 13/24 (54.2) [32.8–74.4]

NOTE. Complete endoscopic healing: absence of any ulcers, including absence of aphthae.
Endoscopic response: �50% SES-CD score reduction from baseline.
Clinical remission: CDAI �150.
Clinical response: �100-point CDAI reduction from baseline.
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with 8 (25.0%; 95% CI 11.5–43.4) of 32 TNF-antagonist-
naïve patients vs 2 (8.3%; 1.0–27.0) of 24 TNF-antagonist-
failure patients achieving endoscopic remission at week
52. In both primary and substudy populations, endoscopic
remission rates were consistently greater in patients with
moderate rather than severe endoscopic disease activity at
baseline (SES-CD 7–15 vs >15) (Figure 2C) and in patients
with shorter disease duration (Figure 2D). Endoscopic
remission rates were not consistently greater in other
subgroups based on baseline CDAI or biomarker levels
(Supplementary Figure 2).

Endoscopic response rates showed improvements over
time in both the primary and substudy populations
(Table 2). In the primary study, the 26-week response
rates for the overall, TNF-antagonist-naïve, and TNF-
antagonist-failure populations were 25 (24.8%; 95% CI
16.7–34.3) of 101, 13 (28.3%; 16.0–43.5) of 46, and 12
(21.8%; 11.8–35.0) of 55, respectively. In the substudy,
corresponding rates at 52 weeks were 30 (53.6%; 95% CI
39.7–67.0) of 56, 21 (65.6%; 46.8–81.4) of 32, and 9
(37.5%; 18.8–59.4) of 24. The evolution of response rates
over time was consistent with that observed for endo-
scopic remission.

Complete mucosal healing rates also improved in the
primary and substudy populations (Table 2). Modest dif-
ferences were noted in evolution over time for complete
mucosal healing rates compared with endoscopic remission
or response rates; there were cumulative increases
observed with time on treatment. Complete mucosal healing
rates were greater in the colonic segments than in the ileum
(Supplementary Figure 3). When the mucosal healing defi-
nition excluded the presence of aphthous ulcers, rates were
substantially higher (25 [28.1%] of 89 at week 26 in the
primary study and 13 [26.0%] of 50 at week 52 in the
substudy). Endoscopic remission and complete mucosal
healing rates were generally in agreement except in 3 pa-
tients in the primary study, and 2 in the substudy, who
achieved mucosal healing but not endoscopic remission. All
3 patients had no ulcerations but detectable inflammation
(patchy erythema) and narrowing.

The mean SES-CD decreased from 16.0 at baseline to
11.1 at week 26 (DSES-CD �5.2; 95% CI �3.6 to �6.8) in
the primary study population, and from 16.7 at baseline to
8.8 at week 52 (DSES-CD �7.9; �5.9 to �9.9) in the sub-
study population (Figure 3A).
826

827

828

829

830

831

832

833

834

835

836

837

838

839
MREn-defined Disease Activity
In the primary study population, MREn evaluations were

performed in a subset of 37 patients, of which 32 had im-
aging suitable for analysis and a MaRIA score >7 and >11 at
baseline in at least one bowel segment. In the substudy
population, 22 patients had MREn evaluations, of whom 21
had suitable imaging and abnormal MaRIA scores in at least
one bowel segment.

MaRIA-7 remission occurred in 7 (21.9%; 95% CI 9.3–
40.0) of 32 patients at week 26 (primary study) and in 8
(38.1%; 95% CI 18.1–61.6) of 21 at week 52 (substudy).
MaRIA-11 remission was achieved by 11 (34.4%; 18.6–53.2)
FLA 5.6.0 DTD � YGAST62749_proof
of 32 patients at week 26 (primary study) and by 9 (42.9%;
21.8–66.0) of 21 at week 52 (substudy).

In the primary study, the mean overall MaRIA score was
65.7 at baseline, decreasing to 46.0 at week 26
(Dscore �18.7; 95% CI �7.6 to �29.9). In the substudy
population, the mean score was 64.5 at baseline and 42.4 at
week 52 (Dscore �21.4; 95% CI �7.2 to �35.7).

Histologic Disease Activity
In the primary study, histologic response (based on

colonic-GHAS �4 in all 8 colonic biopsies) was achieved in
19 (24.4%; 95% CI 15.3–35.4) of 78 patients at week 26, in
patients with baseline colonic-GHAS scores >4, and in the
substudy, the response rate was 9 (20.5%; 95% CI 9.8–35.3)
of 44 patients at week 52. Histologic response based on
ileal-GHAS �4 in the 2 ileal biopsies in patients with base-
line ileal-GHAS scores>4 occurred in 17 (28.3%; 17.5–41.4)
of 60 patients at week 26 (primary study) and in 12 (34.3%;
95% CI 19.1–52.2) of 35 at week 52 (substudy).

The mean colonic-GHAS scores were 7.6 at baseline and
6.4 at week 26 (Dscore �1.3; 95% CI �0.5 to �2.1) in the
primary study population, and 7.7 at baseline and 6.7 at
week 52 (Dscore �1.0; 95% CI �0.1 to �1.9) in the sub-
study population. The corresponding mean ileal-GHAS
scores were 6.3 and 4.8 (Dscore �1.7; 95% CI �0.7
to �2.7) in the 26-week primary study, and 6.5 and 4.2
(Dscore �2.4; 95% CI �1.3 to �3.5) in the 52-week
substudy.

Histologic remission (no neutrophils in the epithelium),
in patients with neutrophils in the epithelium at baseline,
was observed at week 26 in 14 (15.2%; 95% CI 8.6–24.2) of
92 patients in the primary study population, and at week 52
in 11 (20%; 95% CI 10.4–33.0) of 55 patients in the sub-
study population.

Clinical Disease Activity and Biomarkers
In the primary study, 42 (41.6%; 95% CI 31.9–51.8) of

101 patients achieved clinical remission at week 26. In the
substudy, 28 (50.0%; 95% CI 36.3–63.7) of 56 patients
achieved clinical remission at week 52. TNF-antagonist-
naïve patients generally had better clinical remission rates
than those with prior TNF-antagonist failure (Table 2). In
the substudy, the proportion of patients with clinical
remission over both week-26 and -52 assessments (durable
clinical remission) was 21 (37.5%; 95% CI 24.9–51.5) of 56.
Mean CDAI scores decreased after initiation of therapy from
324 at baseline to 173 at week 26 (DSES-CD �152; 95%
CI �130 to �173) in the primary study; and from 307 at
baseline to 130 at week 52 (DSES-CD �177; 95% CI �150
to �203) in the substudy (Figure 3B). Similarly, CRP and
FCP concentrations also showed reductions at the first
assessment, which continued over time (Supplementary
Figure 4).

Quality of Life
HRQL showed clinically meaningful improvement over

the course of the study that paralleled the CDAI results
(Supplementary Figure 5). The mean score changes for the
� 26 August 2019 � 8:20 pm � ce
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Figure 3. Change over
time in endoscopic and
clinical disease activity in
26-week primary study
and 52-week substudy
populations: (A) SES-CD;
and (B) CDAI score. SD,
standard deviation.
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overall IBDQ (baseline to study end) were 119.8 to 159.7
(Dscore 39.7; 95% CI 33.0–46.4) in the 26-week primary
study, and 127.2 to 169.2 (Dscore 42.7; 31.4–54.0) in the
52-week substudy. Likewise, mean EQ-5D visual analog
scale scores changed from 48.7 to 65.8 (Dscore 16.9; 95% CI
12.0–21.8) in the primary study and 51.7 to 71.0 (Dscore
19.3; 13.2–25.4) in the substudy.

Relationship Between Outcome Measures
Although only weak agreement was observed between

endoscopy (SES-CD), histology (GHAS), and clinical (CDAI)
measures in this study, a good agreement was observed
between SES-CD and MaRIA score (Supplementary Table 1).

Safety/Tolerability
Vedolizumab showed a generally favorable safety/

tolerability profile (Table 3). Treatment-related AEs
occurred during the initial 26 weeks in 12 (11.9%) of 101
patients and during the additional 26 weeks in 3 (5.4%) of
56 patients. Few of these events were considered serious or
led to study discontinuation. The incidence of AEs of special
interest was low, including no cases of liver injury, malig-
nancy, infusion reactions, or hypersensitivities, and few
cases of infections, rectal abscess, or EIM worsening.
FLA 5.6.0 DTD � YGAST62749_proof
Importantly, no cases of Clostridium difficile were observed.
A high proportion of patients (65 [64.3%] of 101 patients)
had preexisting EIMs at baseline, most frequently inflam-
matory arthralgia/arthritis (42 patients) (Supplementary
Table 2). Arthritis/arthralgia resolved in 19 patients and
only 1 patient developed a new case at week 26, and 16
patients resolved and 1 patient had a new case at week 52.
No new cases of any other less-frequent EIMs occurred
during treatment.
Discussion
VERSIFY is the first large-scale trial to prospectively

evaluate the benefits of vedolizumab on endoscopic out-
comes in patients with CD. The results demonstrate the
efficacy of vedolizumab for endoscopic healing in a CD
population with high endoscopic (mean SES-CD score
16.0) and clinical disease activity (mean CDAI score
324.2) and a high rate (54.5%) of prior TNF-antagonist
failure. After 26 weeks of treatment in the primary
study, endoscopic remission was achieved in 11.9% of
patients, complete mucosal healing in 14.9%, and endo-
scopic response in 24.8%. At week 52 in the substudy
population, corresponding rates were 17.9% for endo-
scopic remission, 17.9% for complete mucosal healing,
� 26 August 2019 � 8:20 pm � ce
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Table 3. Incidence of AEs in the First 26 Weeks (Primary
Study Population) and Additional 26 Weeks (52-
week Substudy Population)

Patients with �1
event, n (%)

First 26 weeks
(primary study
population,
n ¼ 101)

Additional 26 weeks
(substudy
population,
n ¼ 56)

Any AE 66 (65.3) 34 (60.7)
Related to treatment 12 (11.9) 3 (5.4)
Mild 28 (27.7) 17 (30.4)
Moderate 29 (28.7) 13 (23.2)
Severe 9 (8.9) 4 (7.1)
Leading to treatment

discontinuation
2 (2.0)a,b 3 (5.4)c,d,e

Any severe AE 9 (8.9) 4 (7.1)
Related to treatment 2 (2.0) 1 (1.8)

Any serious AE 12 (11.9) 6 (10.7)
Related to treatment 1 (1.0)f 1 (1.8)e

Leading to treatment
discontinuation

1 (1.0)b 1 (1.8)e

NOTE. Incidence data are presented during the first 26 weeks
for all patients in the primary study population and during the
additional 26 weeks of treatment for the 52-week substudy
population. Severe events are events causing considerable
interference with the patient’s usual activities, as per the in-
vestigator’s opinion. Serious events are events considered
potentially life-threatening or resulting in death, requiring
hospitalization or medically significant intervention, or
causing persisting incapacitation or disability.
SAE, serious AE.
aAE of CD exacerbation not considered treatment-related but
led to discontinuation.
bSAE of CD exacerbation not considered treatment-related
but led to discontinuation.
cAE of anal fistula not considered treatment-related and led to
discontinuation.
dAE of perirectal abscess not considered treatment related
and led to discontinuation.
eSAE of spontaneous abortion considered treatment-related
and led to discontinuation.
fSAE of pneumonia, considered treatment-related, which
resolved following a short course of antibiotics and did not
lead to discontinuation.
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and 53.6% for endoscopic response, suggesting improve-
ment over time.

A consistent relationship between prior TNF-antagonist
failure and efficacy was observed. TNF-antagonist–naïve
patients generally had superior efficacy results compared
with those with prior TNF-antagonist failure. This is
consistent with observations from studies of other biologic
treatments for CD in which previous TNF-antagonist failure
has been shown to be a poor prognostic factor.31–33 Endo-
scopic improvements were also generally greater in patients
with colonic CD than with ileal CD. Similar observations
have been reported with other biologic treatments, sug-
gesting ileal and colonic CD may have distinct disease
characteristics that influence treatment responsiveness.34,35

These data have important implications for clinical
practice. First, initial therapy should be carefully chosen, as
FLA 5.6.0 DTD � YGAST62749_proof
the likelihood of achieving endoscopic remission or healing
after failure of the first biologic agent is reduced. In this
context, our results provide further evidence that vedoli-
zumab would be a suitable first-line biologic option, espe-
cially in colonic CD. Second, given the relatively low rates of
endoscopic remission observed in CD, new approaches must
be taken to improve the rate of treatment success. Such
strategies include dose intensification of existing therapies,
early treatment of high-risk patients with a combination of
new and existing therapies, and personalized approaches in
which treatment is based on underlying pathobiological
features specific to individual patients. The SONIC study
demonstrated a relatively high rate of endoscopic healing
(43.9% at 6 months) with a combination of azathioprine and
infliximab in patients who were TNF-antagonist naïve and
had short disease duration (mean of 2 years).36 The CALM
study recently showed that timely escalation of adalimumab
therapy in patients with early CD (median disease duration
of 1 year) on the basis of clinical symptoms combined with
biomarkers resulted in better clinical and endoscopic out-
comes than symptom-driven decisions alone.37 The advan-
tage of using vedolizumab-based combination therapy is
being evaluated in a prospective study (EXPLORER,
NCT02764762), which will provide further insights into
mucosal healing with vedolizumab in combination therapy.

Several previous studies have described endoscopic
outcomes with vedolizumab. The VICTORY consortium, a US
real-world registry, retrospectively determined endoscopic
healing rates of 20% and 63% following 26 and 52 weeks of
vedolizumab treatment, respectively.19 The LOVE-CD trial
interim analysis reported an endoscopic remission rate of
30% after 26 weeks of vedolizumab treatment.23 A recent
Canadian observational study reported endoscopic healing
rates of 33% and 26% after 6 and 12 months of vedolizu-
mab treatment, respectively.22 Although the rates described
in the current study are nominally lower than these esti-
mates, comparisons across studies should be interpreted
with caution due to substantial differences in the design,
population, and outcome measures. Importantly, vedolizu-
mab dosing remained constant throughout VERSIFY,
whereas dose intensification was permitted in LOVE-CD and
the Canadian study. In VICTORY, endoscopic outcomes were
assessed cumulatively, whereas in VERSIFY, it was at pre-
defined time points.

Endoscopic outcomes seem generally consistent across
studies of biologics, once differences in study design and
outcome definitions are considered. In ACCENT I, complete
mucosal healing rates with infliximab were 31% at week
1031 in patients who were TNF-antagonist naïve with rela-
tively low baseline endoscopic disease activity (median
CDEIS 7.3).32 VERSIFY showed complete mucosal healing
rates of 23.1% (6/26) at week 14 and 30.8% (8/26) at week
26 in a similar subgroup of TNFa-antagonist–naïve patients
with moderate baseline endoscopic disease activity (SES-CD
7–15). In EXTEND, rates of mucosal healing (where residual
aphthae were considered as “healed”) with adalimumab
were 27% at week 12 and 24% at week 52.32 Using the
same definition post hoc for mucosal healing (ulcer size <2
on SES-CD) in VERSIFY, 28% of patients achieved mucosal
� 26 August 2019 � 8:20 pm � ce
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healing at week 26. Finally, IM-UNITI/UNITI studies have
reported mucosal healing rates of 9.0% at week 8 after
ustekinumab intravenous induction therapy and 13.0% at
week 44 after ustekinumab subcutaneous 90 mg every 8 or
12 weeks maintenance therapy in responding patients.34

The current findings also underscore the lack of clarity
around definitions of endoscopic healing in CD7 and the
suitability of SES-CD‒defined endpoints.8–11 Specifically, the
results show the large increase in remission rates when
patients with aphthae are considered healed. In our study,
several patients who achieved mucosal healing (absence of
ulcers), still had underlying endoscopic disease activity
(patchy erythema) and narrowing, which meant they did not
achieve endoscopic remission as per primary endpoint.
Prospective evaluation of the relative prognostic importance
of these outcomes is greatly needed.

VERSIFY also included radiologic assessments. We used
the MaRIA score to measure the MREn-defined disease ac-
tivity. Although MREn is more commonly reported for dis-
ease activity in the terminal ileum, MaRIA score was
originally developed including both the terminal ileum and
the colon showing similar diagnostic performance.26,38

Further, the MaRIA score has been found to be responsive
for assessing (with and without using luminal contrast) both
the terminal ileum and colon.39–43 The VERSIFY results
showed clinically meaningful rates of MREn-defined remis-
sion (segmental MaRIA <7) following vedolizumab
treatment.

Histologic response was observed based on a modified
GHAS score, and found to occur in approximately 20% of
patients. The rates were substantially lower than those seen
in the LOVE-CD, which may be related to differences in
study methods.23 In VERSIFY, 10 biopsies were evaluated: 2
from each of 5 bowel segments. In LOVE-CD, single paired-
samples at sites of active inflammation were evaluated,
which may in part explain the differences observed. Scoring
in both trials was based on the worst score obtained, and
evaluation of more biopsies could be expected to detect
more inflammation in a disease with an irregular distribu-
tion. Histologic assessment of treatment response has some
issues in CD.12 Inflammation in CD is characteristically
discontinuous, leading to potential sampling errors on his-
tologic evaluation. Unlike endoscopic assessments, which
can directly evaluate the extent of disease at the macro-
scopic level, histologic evaluations only allow for the
determination of microscopic disease extent at the site of
biopsy.44

Clinical disease activity improved following treatment
with vedolizumab. CDAI scores decreased substantially
during induction therapy, and clinically meaningful remis-
sion rates were observed in a difficult-to-treat patient
population. Corresponding improvements in HRQL scores
and serum CRP and FCP concentrations were also observed.
These benefits across the different endpoints were more
pronounced in TNFa-antagonist–naïve patients.

Treatment effects were seen across the outcome mea-
sures, but it is notable that good agreement was observed
only between endoscopic and radiologic measures (SES-CD
and MaRIA). This may be due to different limitations across
FLA 5.6.0 DTD � YGAST62749_proof
each measure. It suggests that these measures explore
different aspects of CD, and they should be considered
complementary when evaluating treatment efficacy.

The safety/tolerability of vedolizumab in VERSIFY was
consistent with the well-known long-term profile.20,45 No
new safety signals for vedolizumab were observed. It is
notable that few infections, rectal abscesses, or opportu-
nistic infections, and no cases of C difficile colitis were
observed. In VERSIFY, a substantial proportion of patients
with baseline EIMs, such as arthritis/arthralgia, had their
symptoms resolve and few patients developed new EIMs
consistent with the findings in the GEMINI studies.46

Our study has some limitations. First, VERSIFY was an
open-label study with no comparator arm. Second, 2 pop-
ulations had to be evaluated separately due to a protocol
amendment while the study was ongoing, and so long-term
evaluation over the full 52-week period was only in the
substudy population. Finally, dose intensification was not
included in this study. The strengths of the study included
the prospective design with predefined endoscopic, radio-
logic, and histologic endpoints, which were all centrally read
endoscopy providing a more consistent evaluation of
efficacy.

In conclusion, the VERSIFY results demonstrate the ef-
ficacy of vedolizumab to induce and sustain endoscopic
improvements, along with good safety/tolerability, in pa-
tients with treatment-resistant moderately to severely
active CD. Improvements were observed in several clinically
relevant treatment targets, supporting vedolizumab as a
first-line biologic therapeutic option.
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2019.06.038.
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SES-CD1,2Q6

Endoscopic outcomes were based on SES-CD scored by a
central reader of the ileocolonoscopies. SES-CD was scored
for each of 5 bowel segments. This instrument consists of 4
items (presence/size of ulcers, proportion of ulcerated
mucosal surface, proportion of mucosal surface affected by
any other lesions, and presence/type of narrowing/stric-
tures). Scores for each item range from 0 to 3. The total
score ranges from 0 to 56, escalating as endoscopic disease
severity increases; a score of 15 is considered the threshold
for “severe disease.”

MaRIA3

Radiologic outcomes were based on the MaRIA scored by
a central reader of MREn, which were captured in a subset
of patients at preselected participating centers. MaRIA was
scored for each of 5 bowel segments. This instrument
evaluates MREn features of bowel wall thickness, relative
contrast enhancement, edema, and ulceration in each
segment using the following formula:

MaRIAseg ¼ 1:5 � wall thickness ðmmÞ
þ 0:02 � relative contrast enhancementa

þ 5 � edema þ 10 � ulceration

Q7 Higher scores indicate more severe inflammation.
Although there is no standard range, segmental scores
typically do not exceed 40. A segment with a score <11
indicates some active disease with healing of moderate-to-
severe ulcers, whereas a score <7 indicates no active
disease.

Modified GHAS4

Histologic remission was based on mucosal biopsies
sampled from each of the 5 segments of the bowel during
endoscopy: one sample taken at a normal site and another at
a site of severe inflammation, for each of 5 bowel segments.
Samples were scored using the GHAS, which was calculated
using the worst score for each bowel segment. The ileal
GHAS (iGHAS) was defined as the segmental GHAS for the
ileum. The colonic GHAS (cGHAS) was defined as the highest
segmental GHAS among the rectum, descending/sigmoid
colon, transverse colon, and ascending colon. GHAS is
calculated using 2 features of chronicity (structural change
and chronic inflammatory infiltrate) on a score ranging be-
tween 0 and 4, and 5 features of activity (neutrophils in the
lamina propria, neutrophils in the epithelium, epithelial
damage, erosion or ulceration, epithelioid granuloma) on a
score ranging from 0 to 8. The total score, as a sum of the
features of chronicity and activities, ranges from 0 to 12,
with higher score indicating more severe inflammation.
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Supplementary Table 2. Incidence of Extraintestinal Manifestations of Inflammatory Bowel Disease: The 26-week Primary
Study and the 52-Week Substudy

Week n Abscess
Anal
fissure Fistula

Aphthous
stomatitis

Erythema
nodosum

Pyoderma
gangrenosum

Arthritis/
Arthralgia Fever

Iritis/
Uveitis

0 101 0 5 (5) 8 (8) 4 (4) 2 (2) 0 42 (42) 2 (2) 2 (2)
6 98 1 (1) 2 (2) 7 (7) 1 (1) 1 (1) 0 28 (29) 1 (1) 0
10 95 1 (1) 2 (2) 7 (7) 0 1 (1) 0 25 (26) 1 (1) 0
14 96 1 (1) 2 (2) 8 (8) 0 1 (1) 0 24 (25) 1 (1) 0
26 82 0 1 (1) 6 (7) 0 0 0 16 (20) 1 (1) 0
38 52 0 1 (2) 5 (10) 0 0 0 15 (29) 1 (1) 0
46 46 0 0 4 (9) 0 0 0 18 (39) 0 0
52 45 1 (2) 0 6 (13) 0 0 0 10 (22) 0 0

NOTE. Data are incidence in patients with available CDAI data, and do not take into account patients who discontinued Q11.

Supplementary Table 1.Pearson Correlation Coefficients
Between Outcome Measures

SES-CD CDAI GHAS MaRIA

SES-CD 1.00000 0.38706 0.46570 0.73931
CDAI 0.38706 1.00000 0.20326 0.42381
GHAS 0.46570 0.20326 1.00000 0.40846
MaRIA 0.73931 0.42381 0.40846 1.00000

NOTE. All available (nonmissing) values for the overall scores
from all visits (baseline, week 26, and week 52).
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Supplementary Figure 1. Schema of the VERSIFY trial design Q9. FC, fecal calprotectin; IV, intravenous; QOL, quality of life; VDZ,
vedolizumab; Wk, week.
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Supplementary Figure 2. Rate of endoscopic remission (primary endpoint) in the 26-week primary study and 52-week
substudy: (A) baseline CDAI subgroups; (B) baseline CRP subgroups; (C) baseline FCP subgroups. FeCal, fecal calprotectin Q10.
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Supplementary Figure 3. Complete mucosal healing per bowel segment in the 26-week primary study and 52-week
substudy.
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Supplementary Figure 4. Changes over time in biomarker endpoints: (A) CRP serum concentrations and (B) FCP
concentrations.

12.e6 Danese et al Gastroenterology Vol. -, No. -

FLA 5.6.0 DTD � YGAST62749_proof � 26 August 2019 � 8:20 pm � ce

2041

2042

2043

2044

2045

2046

2047

2048

2049

2050

2051

2052

2053

2054

2055

2056

2057

2058

2059

2060

2061

2062

2063

2064

2065

2066

2067

2068

2069

2070

2071

2072

2073

2074

2075

2076

2077

2078

2079

2080

2081

2082

2083

2084

2085

2086

2087

2088

2089

2090

2091

2092

2093

2094

2095

2096

2097

2098

2099

2100

2101

2102

2103

2104

2105

2106

2107

2108

2109

2110

2111

2112

2113

2114

2115

2116

2117

2118

2119

2120

2121

2122

2123

2124

2125

2126

2127

2128

2129

2130

2131

2132

2133

2134

2135

2136

2137

2138

2139

2140

2141

2142

2143

2144

2145

2146

2147

2148

2149

2150

2151

2152

2153

2154

2155

2156

2157

2158

2159

2160



Supplementary Figure 5.Quality-of-life endpoints: (A) IBDQ and (B) EQ-5D scores in the 26-week primary study and the 52-
week substudy. SD, standard deviation.
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