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ABSTRACT

Background Despite the proven efficacy of
vedolizumab (VDZ) for ulcerative colitis (UC) and
Crohn’s disease (CD), suboptimal response is
commonly encountered. However, data regarding
the effectiveness of dose intensification (by
interval shortening) to achieve response are
limited.

Objectives We evaluated the effectiveness of
dose intensification at achieving response in
patients with a previously suboptimal response
to VDZ. Additionally, we aimed to identify
predictors of response to this strategy.

Methods We performed a retrospective cohort
study of patients who underwent VDZ dose
intensification for suboptimal response. Clinical
disease activity was evaluated at the point of dose
intensification (baseline) and at weeks 12 and

24. Response was defined as Harvey-Bradshaw
Index (HBI) or Simple Clinical Colitis Activity Index
(SCCAV) reduction of >3, and remission as HBI
<5o0r SCCAI <3.

Results A total of 36 patients received dose
intensification to 4-weekly infusions: 18 CD,

14 UC and 4 inflammatory bowel disease-
unclassified (analysed in the UC group). Median
SCCAI scores fell from 6 (range 0-11) at baseline
to 4 (0-6, p=0.008) at week 24, while HBI scores
did not change significantly (4 (0-27) and 3 (0-8),
p=0.092). Overall median C reactive protein (CRP)
fell from 6mg/L (1-23) to 2mg/L (1-17, p=0.011).
Of 20 patients with clinically active disease at
baseline, 10 (50%) responded, of whom 4 (20%)
achieved remission at week 24. Univariate analysis
demonstrated low baseline CRP (p=0.045) and
response at week 12 (0.020) were associated with
week 24 response.

Conclusions Our findings demonstrate VDZ dose
intensification to be effective at achieving clinical

Significance of this study

What is already known on this topic

» A recent systematic review and meta-
analysis investigating rates of loss of
response to vedolizumab demonstrated
that this occurs in a significant proportion
of patients.

» Prior loss of response to a tumour necrosis
factor antagonist and higher baseline
C reactive protein (CRP) are important
predictors of subsequent loss of response
to vedolizumab.

» Vedolizumab dose intensification (by
interval shortening) has been shown to
be an effective strategy to restore clinical
response in approximately half of patients.

What this study adds

» The findings of our study corroborate the
previously demonstrated effectiveness
of vedolizumab dose intensification
at restoring clinical response in
approximately half of patients.

» We also observed a significant reduction
in biochemical disease activity as
demonstrated by CRP.

» Low CRP at the point of dose
intensification and response 12 weeks
after were shown to be predictors of week
24 response.

response in half of patients. Low baseline CRP
and response at week 12 are potential predictors
of week 24 response.

INTRODUCTION

Vedolizumab (VDZ) is a monoclonal
antibody against alpha-4 beta-7 integ-
rins which selectively inhibits leucocyte
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How might it impact on clinical practice in the

foreseeable future

» Clinicians should consider vedolizumab dose
intensification in cases of suboptimal response.

» In patients who fail to respond to 12 weeks of dose-
intensified treatment, vedolizumab discontinuation
should be considered and other management strategies
contemplated.

migration into the gut. It was approved in 2014 on the
basis of trials that demonstrated efficacy in both ulcer-
ative colitis (UC) (GEMINI 1') and Crohn’s disease
(CD) (GEMINI 2%). However, it is recognised that
some patients fail to have any initial response to treat-
ment (primary non-response, PNR), and others, who
do have an initial good response, subsequently flare
(loss of response, LOR). Rates of LOR vary between
biological agents and appear, at least in part, to be
related to immunogenicity, with more immunogenic
agents (eg, infliximab) having higher rates of LOR than
those with lower immunogenic potential (eg, VDZ).?
However, many cases of LOR cannot be explained by
immunogenicity and may be related to other factors
including factors related to drug exposure.*® As such,
dose intensification (whether carried out empirically
or guided by therapeutic drug monitoring, TDM)
has been extensively studied and demonstrated to be
an effective strategy to manage LOR to anti-tumour
necrosis factor (anti-TNF) agents. As TDM for VDZ
is not yet widely available and does not have a robust
body of evidence on which to base interpretations,
dose intensification is usually carried out empirically.
This is achieved by shortening the interval between
each 300 mg infusion from the standard 8 weeks (Q8)
to 4 or 6 weeks (Q4 or Q6). However, there exist
relatively limited data regarding the effectiveness of
VDZ dose intensification in real-world cohorts. A
recent systematic review’ identified just four published
studies reporting the effectiveness of this strategy:
two congress abstracts® ° (one of which subsequently
published in full'®), one article!’ and one letter to an
editor.'* Between them these studies evaluated just over
100 patients in total, so further investigation appears
necessary. Although the GEMINI long-term extension
programme provided randomised controlled trial data
regarding VDZ dose escalation," '* it is appreciated
that patients included in trials are often significantly
different from those treated in clinical practice."

Due to the relative paucity of real-world evidence
and the high cost of dose escalation, funding bodies are
sometimes reluctant to approve this strategy. However,
a novel inflammatory bowel disease (IBD) pathway'®
devised in partnership between our centre and local
clinical commissioning groups allowed the use of
VDZ dose intensification in line with its licence and
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approval from the UK National Institute for Health
and Care Excellence. Due to our early access to VDZ
(November 2014), a relatively large cohort of patients
receiving treatment and access to dose intensification,
we carried out a retrospective cohort study with the
aim of evaluating the effectiveness of VDZ dose inten-
sification to achieve disease control in cases of subop-
timal response.

METHODS

We performed a retrospective cohort study by
reviewing prospectively maintained clinical records
for all patients commencing VDZ at Guy's and St
Thomas' Hospital between November 2014 and
October 2017. A total of 139 patients received at least
one infusion of VDZ for CD, UC or IBD-unclassified
(IBD-U) during this period. Of these, 36 (27%) had
undergone dose intensification from Q8 to Q4. Dose
intensification was carried out based on the opinion of
the supervising clinician, after review in a multidisci-
plinary virtual biologics clinic. Reasons for dose inten-
sification included ongoing or recurrent symptoms, or
active inflammation based on objective measures (in
the presence or absence of symptoms). Eighteen (50%)
patients had CD, 14 (39%) UC and 4 (11%) IBD-U.
Patients with IBD-U were included in the UC group for
the purposes of analysis.

Demographic information as well as the following
disease-related data were collected: disease distribution
and behaviour (using the Montreal classification'”),
prior anti-TNF exposure, duration of VDZ treatment
prior to intensification, reason for VDZ dose intensi-
fication, and concomitant use of immunomodulators
and/or corticosteroids (table 1).

Our primary outcome was the clinical effective-
ness of VDZ dose intensification. This was evalu-
ated by assessing clinical disease activity data at the
following predefined time points: baseline (defined as
the infusion immediately prior to the first shortened
interval) and at 12 and 24 weeks thereafter. At each
time point, clinical disease activity was evaluated using
the Harvey-Bradshaw Index (HBI)'® for CD and the
Simple Clinical Colitis Activity Index (SCCAI)" for
UC. Outcomes were predefined as follows: clinical
response was defined as a reduction of 3 or more in
HBI or SCCAI, and clinical remission was defined as
HBI less than 5 or SCCAI less than 3. These definitions
were based on their previously demonstrated (partial)
validity.?* !

Our secondary outcome was the effect of VDZ on
biochemical disease activity measured by C reactive
protein (CRP) concentrations at each study time point.
In addition, we aimed to identify factors that could
be used to predict response (or lack thereof) to dose
intensification.

Continuous data are summarised as medians (and
ranges). Paired SCCAI/HBI and CRP values were
compared using Wilcoxon signed-rank test, and for
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Table 1 Baseline characteristics of patients undergoing
vedolizumab dose intensification

Characteristics n=36
26:10 (72:28)

Gender, male:female (%)

IBD phenotype

Ulcerative colitis/IBD-U 18 (50%)
Left-sided 11
Extensive

Crohn’s disease 18 (50%)
Ileal 6
Colonic 4
lleacolonic 8

Median age, years (range) 44 (17-70)

Concomitant immunomodulator use at baseline 18 (50%)

Thiopurine 17

Methotrexate 1

Prior anti-TNF exposure

Naive 5(14%)

Exposed 31 (86%)

Corticosteroid use at baseline 6 (16%)

Median duration of vedolizumab treatment before 7 (3-21)

dose intensification, months (range)

Median duration of vedolizumab treatment after 7 (2-25)

dose intensification, months (range)

IBD, inflammatory bowel disease; IBD-U, IBD-unclassified; TNF, tumour
necrosis factor.

unpaired continuous data Mann-Whitney test was
used. Categorical variables were compared using Fish-
er’s exact test. Non-responder imputation analysis was
used to deal with any patients who discontinued treat-
ment prior to week 24. All analyses were carried out
using GraphPad Prism V.8.0.1. The results of this study
are reported in accordance with the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for cohort studies.**

p=0.092

p=0.51

8= -

4=

HBI (median, 95% Cl)

0 T T T
Baseline Week 12 Week 24
(n=18) (n=18) (n=15)

Figure 1 Change in median Harvey-Bradshaw Index (HBI) following
dose intensification.

p=0.08*

10 I 1
p=0.34

SCCAI (median, 95% CI)

2

i Bas:zline Weelk 12 Weelk 24
(n=18) (n=18) (n=15)
Figure 2 Change in median Simple Clinical Colitis Activity Index
(SCCAI) following dose intensification. *denotes statistical significance
(p<0.05).

RESULTS

Change in clinical disease activity

The median baseline HBI of the 18 patients with
CD was 4 (0-27). It remained 4 (0-29, p=0.51 for
n=18) at week 12 and had fallen to 3 (0-8, p=0.092
compared with baseline for n=15) at week 24 (figure 1
and online supplementary figure 1). The median base-
line SCCAI of the 18 patients with UC was 6 (0-11).
It had fallen to § (1-11, p=0.34 for n=18) at week 12
and further to 4 (0-6, p=0.008 compared with base-
line for n=15) at week 24 (figure 2 and online supple-
mentary figure 2).

Response and remission at week 12

At baseline 20 of 36 (56%; 6 CD and 14 UC) patients
who underwent dose intensification had clinically
active disease (HBI >5or SCCAI >3). The remaining
16 (44%) were dose-intensified on the basis of active
disease demonstrated on endoscopy or MRI. Of the
20 patients with active disease at baseline, 8 (40%)
achieved a response at week 12, 2 (10%) of whom
entered remission. Divided by IBD subtype, the
response rates were 3 of 6 (50%) in CD and 6 of 14
(43%) in UC. Remission rates were 0 of 6 in CD and 2
of 14 (14%) in UC.

Response and remission at week 24
Of the 20 patients with clinically active disease at base-
line, 4 patients had discontinued VDZ (either switched
to a different biologic or experimental trial agent), and
therefore did not have week 24 clinical disease evalu-
ations recorded but were considered non-responders
for the purposes of analysis. This resulted in a week
24 response rate of 10 of 20 (50%), of whom 4 (20%)
achieved remission.

Of the 16 (12 CD and 4 UC) patients with inactive
clinical disease at baseline, all remained in clinical
remission at the end of weeks 12 and 24.
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Table 2 Univariate analysis of potential predictors of response to dose intensification

Week 24 responders
n (%), median (range)

Week 24 non-responders P value
n (%), median (range)

n

Gender (male vs female)

IBD phenotype (UC vs CD)

Age, years

Concomitant immunomodulator (combotherapy vs monotherapy)
Prior anti-TNF experience (exposed vs naive)

Duration on vedolizumab prior to dose intensification, months
CRP at baseline, mg/L

Week 12 response (response vs non-response)

10 10

7vs 3 (70 vs 30) 7vs 3 (70 vs 30) >0.99
7 vs 3 (70 vs 30) 8 vs 2 (80 vs 20) >0.99
40 (18-69) 44 (24-63) 0.73
4 vs 6 (40 vs 60) 5vs 5 (50 vs 50) >0.99
9vs 1(90vs 10) 8vs 2 (80 vs 20) >0.99
7 (3-23) 7 (3-16) 0.87
5(1-21) 13 (1-23) 0.045
7 vs 3 (70 vs 30) 1vs 9 (10 vs 90) 0.020

CD, Crohn’s disease; CRP, C reactive protein; IBD, inflammatory bowel disease; TNF, tumour necrosis factor; UC, ulcerative colitis.

Predictors of week 24 response to dose intensification
Univariate analysis of potential factors that could be
used to predict response is shown in table 2. Of the
parameters investigated, only a low baseline CRP
(p=0.045) and response at week 12 (p=0.020) were
significantly associated with response at week 24.

Biochemical disease activity

Serum CRP data were available for all 36 patients at
baseline and week 12, as well as all 30 patients who
completed 24 weeks of dose-intensified VDZ (the
remaining 6 patients had discontinued by this time
point). The median baseline CRP was 6 mg/L (1-23),
and this had fallen to 5 mg/L (1-46, p=0.42) at week
12 and further to 2 mg/L at week 24 (1-17, p=0.011
compared with baseline) (figure 3).

DISCUSSION

The benefits of VDZ include a favourable safety
profile and tolerability, as well as its limited immuno-
genicity, which minimises the need for concomitant
immunomodulation.” In addition, the findings of ‘real
world” observational studies and long-term follow-up
of randomised control trials also suggest high rates of
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Figure 3 Change in median C reactive protein (CRP) following dose
intensification. *denotes statistical significance (p<0.05).

treatment persistence’* and longevity of effect.”® '*

However, by contrast a recent systematic review and
meta-analysis identified that rates of LOR are far
from negligible.” By combining 10 eligible cohorts,
comprising over 800 patients, the pooled incidence
rates of LOR to VDZ were 47.9 per 100 person-years
of follow-up among patients with CD and 39.8 per
100 person-years of follow-up among patients with
UC. These findings highlight the need for studies
designed to investigate both the mechanism(s) under-
lying LOR as well as potential strategies by which it
could be overcome.

The results of our retrospective cohort study demon-
strate that VDZ dose intensification, by interval short-
ening to 4-weekly infusions, is an effective strategy
to recapture response. Among patients with clini-
cally active disease at baseline, we observed a clinical
response in 50% after 24 weeks of dose-intensified
treatment. This figure is very much in keeping with
a meta-analysis of four studies (two complete arti-
cles, one abstract and one letter to the editor), with a
combined cohort of 111 patients, that demonstrated
a random-effects pooled efficacy rate of 53.8%. We
also observed a 20% remission rate at the same time
point. Again, this finding is almost identical to the 6 of
33 (18%) remission rate reported by a multicentre US
consortium of IBD investigators.'” Moreover, rates of
week 28 response to dose intensification for CD and
UC reported as part of the GEMINI long-term exten-
sion were also similar at 17 of 32 (54%) and 31 of 57
(53%), respectively."* '* Studied as part of a meticulous
clinical trial assessment schedule, these data offer the
highest quality evidence available for the efficacy of
dose escalation.

When evaluating absolute decrease in clinical disease
indices, we observed a non-significant fall in median
HBI from 4 to 3 over 24 weeks. However, the fall in
SCCAI from 6 to 4 during the same time course was
significant (p=0.008). These findings could indicate
that dose intensification is perhaps more effective for
UC than CD but is more likely due to the operating
characteristics of the clinical disease activity indices
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involved. The low baseline HBI in several patients
despite objective evidence of active disease is indica-
tive of the fact that clinical disease activity indices used
for CD (ie, HBI and Crohn's disease activity index
(CDAI)) correlate less well with disease activity than
those used for UC.>

As there is likely to be some degree of placebo
effect in reported symptoms when halving the dosing
interval (due to the perceived benefit of more frequent
doses), we also evaluated the changes in an objec-
tive biomarker of disease activity, CRP. Among the
overall cohort, we observed a significant fall over the
course of 24 weeks, from a median of 6 mg/L at base-
line to 2mg/L, which is within the normal range for
CRP (p=0.011). This demonstrates that, in addition
to improving symptoms of active disease, VDZ dose
intensification appears an effective strategy to reduce
intestinal inflammatory activity.

In addition, we identified factors that may predict
response to dose intensification. This is particularly
important given the relatively high cost of VDZ, which
is clearly amplified by dose intensification and restricts
access to this option for some patients. We observed
that patients with lower baseline CRP were significantly
more likely to achieve a response at week 24 than those
with higher values (median 13 vs 5mg/L, p=0.045).
This finding may help clinicians to determine which
patients are more suitable candidates for intensification
(ie, perhaps those with less severe disease), and there-
fore lead to a more judicious use of this strategy. We
also identified that week 12 response was also a signifi-
cant predictor (p=0.020) of ongoing response at week
24, with only 10% of patients who failed to respond
by week 12 going on to achieve response at the later
time point. This may also aid clinical decision-making
by potentially limiting the time spent on a high-cost,
dose-intensified regimen if this approach is ultimately
likely to fail. If no response is seen after 12 weeks
(three infusions with a 4-weekly interval), then clini-
cians could pursue an alternative strategy with clear
cost-saving implications. Although other studies have
identified predictors of LOR (eg, longer disease dura-
tion and previous LOR to anti-TNF'’) and described
the role of TDM in predicting likelihood of recapture
on intensification,'" we believe the clinical predictors
described here to be novel and clinically relevant.
However, these predictors require external validation
in larger data sets before they can be confidently used
to guide clinical practice.

There is a great deal of interest in how TDM could
be used to guide VDZ dosing. Studies have suggested
that a week 6 VDZ trough level is a potential predictor
of mucosal healing and the need for dose intensi-
fication.”” *® However, while uncertainty remains
regarding exact thresholds and access to VDZ TDM
remains limited, it appears likely that most decisions
regarding changes in treatment regimen will be made
empirically.

Our study has several limitations. Most notable are
its retrospective design and the subjective nature of the
clinical disease activity scores employed. In addition,
the total number of patients included is relatively small
(n=36) and reduces further when considering only
those with clinically active disease at baseline (n=20).
The size of our cohort is, however, broadly in keeping
with other published experiences of VDZ dose inten-
sification.”"® Moreover, the findings described here
closely reflect those described elsewhere, adding to
their credibility. Another limitation is that patients
were not divided by their initial response to VDZ (PNR
or LOR), but instead were evaluated as a single group
under the umbrella term ‘suboptimal response’. We
were therefore unable to assess whether initial response
(or lack thereof) influences subsequent response to
dose intensification. We used a non-responder imputa-
tion for our response/remission analysis as it provides a
conservative estimate of treatment effect. However, it
is probable that the analysis of absolute disease scores
was biased in favour of showing an effect in view of
patients (most likely those with more active/less respon-
sive disease) discontinuing before week 24. Finally, for
patients who underwent dose intensification for active
disease seen on endoscopy or MRI, there were often
no paired data available for these investigations within
the 24-week study period. We were, therefore, unable
to comment on objective evidence of improvement
on dose intensification. Despite these limitations we
believe these results are relevant, reliable and general-
isable. Indeed, this type of observational effectiveness
research is becoming increasingly recognised as signif-
icant and necessary.”’ Nonetheless, readers should
be aware of the inherent methodological deficiencies
associated with effectiveness research. These types of
studies are commonly subject to a number of possible
biases and confounders (eg, selection, attrition and
misclassification).”” In an attempt to remedy some of
these shortcomings, we followed the STROBE recom-
mendations*® (see online supplementary material for
STROBE checklist).

In conclusion, our findings are consistent with the
relatively limited data already available regarding
VDZ dose intensification and show this strategy to be
effective at recapturing clinical response in approxi-
mately half of patients. We also observed a significant
fall in CRP after 24 weeks of intensified treatment.
In addition, we identified lower baseline CRP and
response at week 12 as potential predictors of week
24 response. These findings are consistent with other
similar studies but require external validation in larger
data sets.
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