1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Aliment Pharmacol Ther. Author manuscript; available in PMC 2020 March 20.

-, HHS Public Access
«

Published in final edited form as:
Aliment Pharmacol Ther. 2019 October ; 50(8): 848-857. d0i:10.1111/apt.15484.

Systematic Review with meta-analysis: association between
vedolizumab trough concentration and clinical outcomes in
patients with inflammatory bowel diseases

Siddharth Singhl2, Parambir S. Dulail, Niels Vande Casteelel, Robert Battat!, Mathurin
Fumery3, Brigid S. Boland?, William J. Sandborn?

Division of Gastroenterology, University of California San Diego, La Jolla, California;
2Division of Biomedical Informatics, University of California San Diego, La Jolla, California;

SGastroenterology Unit, Amiens University and Hospital, Université de Picardie Jules Verne,
Amiens, France;

SUMMARY

Background: There has been limited evaluation of the association between vedolizumab trough
concentration and clinical outcomes in patients with inflammatory bowel diseases (IBD).

Aim: To perform a systematic review and meta-analysis to evaluate the potential role of
therapeutic drug monitoring (TDM) for vedolizumab.

Methods: Through a systematic literature search through February 28, 2019, we identified five
cohort studies (558 patients, 42% with ulcerative colitis) reporting the association between
vedolizumab trough concentration and clinical outcomes in patients with IBD. We calculated mean
difference (MD) in vedolizumab trough concentration in patients achieving vs. not achieving
clinical outcomes, and qualitatively synthesized thresholds associated with favorable outcomes.

Results: In patients with UC, median vedolizumab trough concentrations were consistently
higher in patients achieving clinical remission (median, 14.3ug/ml vs. 10.5ug/ml; MD, 5.1ug/ml,
95% Cl, 2.8 to 7.4) or endoscopic remission (median, 13.0ug/ml vs. 9.7; MD, 5.1ug/ml, 95% ClI,
2.2't0 7.9). In patients with CD, there was no significant difference in median vedolizumab trough
concentrations in patients achieving vs. not achieving clinical remission (MD, 2.0ug/ml; 95% ClI,
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-0.5 to 4.5) or endoscopic remission (MD, 3.6ug/ml; 95% ClI, —1.4 to 8.6). In patients with UC,
week 6 vedolizumab trough concentrations >18.5-20.8ug/ml, and maintenance trough
concentrations =9.0-12.6pg/ml were associated with favorable clinical outcomes. Antibodies to
vedolizumab were reported in 1.7-3.0% patients on maintenance therapy.

Conclusion: Based on meta-analysis, patients with UC who achieve endoscopic and clinical
remission have significantly higher vedolizumab trough concentration during maintenance therapy.
Vedolizumab trough concentration >20ug/ml at week 6, and >12ug/ml during maintenance may be
associated with better outcomes, though cause-effect relationship remain unclear. Prospective
studies on reactive and proactive therapeutic drug monitoring of vedolizumab (vs. empiric dose
escalation) are warranted.
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Therapeutic drug monitoring; anti-integrin; clinical remission; endoscopic remission

INTRODUCTION

Therapeutic drug monitoring (TDM) has been recognized as an important strategy to inform
clinical decision-making in patients with inflammatory bowel diseases (IBD).1=3 The
rationale for TDM is that a systematic and algorithmic assessment of drug concentration and
anti-drug antibodies may help objectively evaluate potential reasons for failure of therapy
and define next steps in management, and proactively provide opportunities for optimizing
therapy. This is based on clinical observations including: (a) inter-individual variability in
drug clearance through both immune-mediated (formation of neutralizing anti-drug
antibodies) and non-immune-mediated mechanisms (associated with high inflammatory
burden) which contribute to differences in drug concentration, (b) presence of an exposure-
response relationship, wherein serum drug concentration is associated with magnitude of the
clinical response, and (c) concept of mechanistic failure, wherein despite adequate drug
exposure at site of receptor, some patients may not respond to a particular class of biologics
due to differences in underlying disease pathophysiology.*

While TDM has been extensively studied and implemented when using tumor necrosis
factor-a. (TNFa) antagonists, it’s role in the optimization of vedolizumab is unclear.
Vedolizumab trough concentrations have been variably associated with clinical outcomes in
patients with IBD, with some studies suggesting higher vedolizumab trough concentrations
in patients responding to therapy, whereas others suggesting no differences in trough
concentrations in responding vs. non-responding patients.5-10 In /n vitro cell-based assays,
complete a4f37 receptor saturation was reached at a vedolizumab serum concentration of
approximately 1pg/mL, a concentration considered subtherapeutic.11: 12 This suggests that
while receptor saturation may be necessary, it is not sufficient for clinical efficacy of
vedolizumab. The immunogenicity of vedolizumab is low, such that rates of immune-
mediated pharmacokinetic failure may be low. There has been limited guidance on the use of
TDM with vedolizumab. The recent American Gastroenterological Association guidelines
and the Sydney IBD Consensus statements on TDM focused only on TNFa antagonists.
2,13,14 The BRIDGe group recommended use of TDM in vedolizumab-treated patients with
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primary non-response or secondary loss of response, primarily to determine the presence or
absence of drug, but could not recommend optimal trough concentrations.3

Hence, we conducted a systematic review and meta-analysis to evaluate the association
between vedolizumab trough concentrations and clinical outcomes in patients with 1BD, and
evaluated serum drug trough concentrations associated with superior efficacy. We synthesize
this evidence to inform the use of TDM for vedolizumab in clinical practice.

This systematic review followed the preferred reporting items for systematic reviews and
meta-analysis (PRISMA) standards, and followed an a priori protocol (available upon
request).1®

Selection Criteria

We included retrospective and prospective cohort studies (including post-hoc analyses of
clinical trials) that reported the association between vedolizumab trough concentrations
during induction or maintenance therapy and clinical outcomes (clinical response or
remission, endoscopic response or remission) in patients with IBD, stratified by ulcerative
colitis (UC) and Crohn’s disease (CD). To estimate mean differences in vedolizumab trough
concentrations between patients who achieved vs. did not achieve favorable clinical
outcomes, studies had to report mean or median vedolizumab concentration (with measure
of variability) in the two groups. We excluded studies that did not provide adequate
information to allow estimation of mean differences. When multiple studies from the same
cohort were reported, then the most comprehensive report providing information of interest
was included.

Search Strategy

We conducted a comprehensive search of multiple electronic databases initially through
March 18, 2018, with no language restrictions, with the help of an experienced medical
librarian, as part the American Gastroenterological Association’s technical review on the
pharmacological management of moderate to severe ulcerative colitis (details in clonline
supplement). The databases included Ovid MEDLINE In-Process & Other Non-Indexed
Citations, Ovid MEDLINE, Elsevier EMBASE and Cochrane Central Register of Controlled
Trials. Subsequently, a focused updated search of Medline was performed on February 28,
2019 by a study investigator using a combination of phrases indicating the diseases of
interest [“Crohn(s) disease”, “Ulcerative colitis”, “inflammatory bowel disease”, “regional
enteritis”] and drug of interest “vedolizumab”, “anti-integrin”]. Two study investigators
independently reviewed the title and abstract of studies identified in the search to exclude
studies that did not address the research question of interest on the basis of pre-specified
inclusion and exclusion criteria. The full text of the remaining articles was examined to
determine whether it contained relevant information. Conflicts in study selection at this stage
were resolved by consensus, referring back to the original article, in consultation with a
senior investigator. Second, we searched the bibliographies of these selected articles,
systematic reviews and consensus documents to identify any additional studies. Third, we
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conducted a manual search of abstracts from major gastroenterology conferences (Digestive
Disease Week, American College of Gastroenterology annual meeting, Advances in
Inflammatory Bowel Diseases meeting organized by the Crohn’s and Colitis Foundation of
America, European Crohn’s and Colitis Organization annual meeting and United European
Gastroenterology Week) from 2014 to 2018 to identify additional abstracts on the topic.

Data Abstraction and Risk of Bias Assessment

Data on study-, participant-, disease- and treatment-related characteristics were abstracted
onto a standardized form, by a single investigator, and a random subset of data elements
were independently reviewed by a second investigator. Discrepancies in abstraction were
resolved by consensus, referring to the original article, in consultation with a third reviewer
if needed. Specifically, we abstracted data on vedolizumab trough concentrations (mean or
median, standard deviation or range or interquartile range) in patients achieving vs. not
achieving various clinical end points (clinical remission or response, endoscopic remission
or response), definition of clinical and endoscopic outcomes, time point of assessment of
outcomes and trough concentration measurements and assay used for assessing vedolizumab
trough concentrations and anti-drug antibodies. We also abstracted reports of “optimal”
trough concentration at specific time points associated with the presence of, or predictive of
future favorable outcomes, including diagnostic performance, sensitivity and specificity,
where reported.

A formal tool for assessing risk of bias was not used. Instead, studies were rated based on
enrollment of consecutive patients, incomplete outcome reporting, measurement of true
trough concentration and use of a validated tool for assessing clinical outcomes.

Outcomes Assessed

The primary outcome was the mean difference in vedolizumab trough concentrations during
maintenance therapy in patients with ulcerative colitis and Crohn’s disease who achieved vs.
did not achieve clinical remission and/or endoscopic remission. Secondary outcomes were:
(a) estimation of vedolizumab trough concentrations maintenance therapy associated with
the presence of favorable clinical outcomes in patients with IBD, and (b) estimation of
vedolizumab trough concentrations during induction therapy predictive of future favorable
outcomes during maintenance therapy. With primary analyses already stratified by type of
IBD (ulcerative colitis vs. Crohn’s disease) and outcome (clinical remission or response vs.
endoscopic remission or response), no a priori subgroup analyses were planned.

Statistical Analysis

We performed pairwise meta-analyses using a DerSimonian and Laird random effects
approach to obtained mean difference (MD) and 95% confidence intervals (CI) in
vedolizumab trough concentrations in patients with ulcerative colitis and Crohn’s disease
who achieved vs. did not achieve clinical remission and/or endoscopic remission.1® For these
calculations, mean and standard deviations were used where reported; if not reported, then
median was considered equivalent to mean, and standard deviation was estimated from the
interquartile range (IQR) (standard deviation = IQR/1.35). We examined statistical
heterogeneity using the 12 statistic; due to limited number of studies, formal assessment for
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publication bias could not be reliably performed.1”: 18 Quantitative synthesis of optimal
vedolizumab trough concentrations was not feasible due to paucity of data; hence, to inform
‘optimal’ vedolizumab trough concentrations for outcomes of interest, we qualitatively
reported median (and range) optimal concentrations reported in individual studies. All
analysis was performed using Comprehensive Meta-Analysis (CMA) version 2 (Biostat,
Englewood, NJ).

From 12,104 studies identified using the original search strategy, 5,655 unique studies were
identified. From these, 32 studies focusing on vedolizumab were identified for full text
review, and five studies were included in quantitative synthesis (Figure 1).8-10. 19,20
Additionally, data from 5 studies was qualitatively synthesized to inform vedolizumab
concentrations associated with favorable outcomes.”- 21-24 Multiple studies were reported
using the GEMINI trials and unique aspects of each analyses were used to quantitatively or
qualitatively inform evidence on role of TDM with vedolizumab. Table 1 reports study
characteristics, and key findings from included studies, and supplementary Table 2 provides
data on studies synthesized qualitatively.

Overall, studies were at moderate risk of bias — TDM was applied selectively in patients
failing therapy, rather than routinely on all vedolizumab-treated patients; endoscopic
outcomes were selectively reported in patients where endoscopy was performed; clinical
outcomes were assessed using validated indices for ulcerative colitis, but relied on physician
global assessment and absence of ulcerations for Crohn’s disease (Supplementary Table 2).

Ulcerative Colitis

Five studies reported differences in vedolizumab trough concentrations between patients
with ulcerative colitis achieving clinical and/or endoscopic remission during maintenance
therapy.8-10. 19, 20

Clinical Remission: On meta-analysis of 4 studies (n=216 patients, 47% achieving
clinical remission), vedolizumab trough concentration during maintenance therapy (week 14
to 52) was significantly higher in patients achieving clinical remission (median of median
vedolizumab trough concentration, 14.3pg/ml; range, 10.2-15.0) vs. patients who did not
achieve remission (median of median vedolizumab trough concentration, 10.5ug/ml; range,
6.7-11.3) (MD, 5.1ug/ml; 95% ClI, 2.8 to 7.4, p<0.01), with moderate heterogeneity
(12=36%) (Figure 2).

Endoscopic Remission: On meta-analysis of 5 studies (n=179 patients with endoscopic
outcomes, 49% achieving endoscopic remission), vedolizumab trough concentration during
maintenance therapy was significantly higher in patients achieving endoscopic remission
(median of median vedolizumab trough concentration, 13.0ug/ml; range, 10.6-23.7) vs.
patients who did not achieve remission (median of median vedolizumab trough
concentration, 9.7ug/ml; range, 9.0-15.6) (MD, 5.1ug/ml; 95% ClI, 2.2 to 7.9, p<0.01), with
minimal heterogeneity (12=0%) (Figure 2).
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Crohn’s Disease

Four studies reported differences in vedolizumab trough concentrations between patients
with Crohn’s disease achieving clinical and/or endoscopic remission during maintenance
therapy.8-10. 20

Clinical Remission: On meta-analysis of 2 studies (n=167 patients, 38% achieving
clinical remission), vedolizumab trough concentration during maintenance therapy was
numerically but not significantly different in patients achieving clinical remission (median of
median vedolizumab trough concentration, 12.3ug/ml; range, 10.9-13.7) vs. patients who
did not achieve remission (median of median vedolizumab trough concentration, 12.5ug/ml;
range, 8.6-24.9) (MD, 2.0ug/ml; 95% ClI, -0.5 to 4.5, p=0.11), with moderate heterogeneity
(12=40%) (Figure 3).

Endoscopic Remission: On meta-analysis of 4 studies (n=181 patients with endoscopic
outcomes, 35% achieving endoscopic remission), vedolizumab trough concentration during
maintenance (week 14 to 52) therapy was numerically but not significantly higher in patients
achieving endoscopic remission (median of median vedolizumab trough concentration,
14.4pg/ml; range, 10.5-17.4) vs. patients who did not achieve remission (median of median
vedolizumab trough concentration, 10.9ug/ml; range, 7.5-16.3) (MD, 3.6ug/ml; 95% ClI,
-1.4 10 8.6, p=0.16), with considerable heterogeneity (12=74%) (Figure 3).

Vedolizumab Trough During Induction Predicting Future Outcomes

In three studies, week 6 vedolizumab trough concentrations were associated with favorable
outcomes during maintenance therapy. In a post-hoc analyses of GEMINI-1 trial for
ulcerative colitis, week 6 vedolizumab trough concentrations in quartiles 2—4 (=20.6ug/ml)
were associated with higher rates of clinical remission at week 14 (65-74% vs. quartile 1,
40%).23 Similarly, in a retrospective Belgian cohort, week 6 trough =20.8ug/ml was deemed
optimal to predict clinical response at week 14 in patients with ulcerative colitis (area under
receiver operating curve [AUROC], 0.72; sensitivity/specificity, 0.75/0.69).% In a French
cohort study, Yacoub and colleagues reported that in a cohort of 43 ulcerative colitis and 39
Crohn’s disease patients, vedolizumab trough >18pg/ml was associated with endoscopic
remission during maintenance therapy (AUROC, 0.74; sensitivity/specificity, 0.88/0.67;
AUROC in patients with ulcerative colitis and Crohn’s disease, 0.75 and 0.70, respectively).8
In an overlapping cohort, week 6 trough concentration <18.5ug/ml was associated with need
for drug optimization within 6 months (AUROC, 0.72).”

Vedolizumab Trough During Maintenance Associated with Favorable Outcomes

Four studies reported vedolizumab trough concentrations during maintenance therapy
associated with favorable outcomes. In a post-hoc analysis of GEMINI-1 trial in patients
with ulcerative colitis, vedolizumab steady state trough concentrations in quartiles 2—4
(=9.0ug/ml) was associated with higher rates of symptomatic remission and endoscopic
improvement (52.5-57.5% vs. quartile 1, 35%).22 Similarly, in the GEMINI-2 trial in
patients with Crohn’s disease, steady state vedolizumab trough concentration in quartiles 2—
4 (=7.6ug/ml) was associated with numerically higher rates of clinical remission (83-89%
vs. quartile 1, 67%).21 In an observational study, Ungaro and colleagues reported that
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vedolizumab trough concentration =11.3pug/ml during maintenance therapy had the most
optimal, yet modest, discriminatory performance for assessing the presence of
corticosteroid-free clinical and biochemical remission in patients with IBD (AUROC, 0.62;
sensitivity/specificity, 0.57/0.63); specifically, in patients with ulcerative colitis, the cut-off
was =10.1ug/ml (sensitivity/specificity, 0.89/0.43) and in patients with Crohn’s disease, the
cut-off was =6.8ug/ml (sensitivity/specificity 0.83/0.38).20 A cut-off of 210.7ug/ml was
most discriminative for the presence of corticosteroid-free endoscopic remission. Dreesen
and colleagues reported that cut-offs of =12.6ug/ml (sensitivity/specificity, 0.46/0.92) and
>17.0pg/ml (sensitivity/specificity, 0.46/0.92) at week 14 were best associated with the
presence of clinical response and endoscopic remission, respectively, in patients with
ulcerative colitis.® In patients with Crohn’s disease, they estimated that cut-offs of
>13.6pg/ml (sensitivity/specificity, 0.71/0.69) and >12.6pug/ml (sensitivity/specificity,
0.75/0.79) at week 22 were best associated with the presence of endoscopic remission and
biochemical remission, respectively.

Immunogenicity to Vedolizumab

In the GEMINI-1 and GEMINI-2 trial, using a drug-sensitive assay, 3.7-4.1% patients had
antibodies to vedolizumab at any time, and 0.4-1% patients had persistently positive
antibodies on =2 consecutive samples.?l: 22 |n observational studies, using drug-tolerant
assays, antibodies to vedolizumab were observed in 1.7-3.0% of patients during
maintenance therapy.5: 20 Using drug-sensitive assays, antibodies to vedolizumab were
observed in 0.1-2.4% of samples.8: 9

DISCUSSION

Through a quantitative and qualitative synthesis of evidence on vedolizumab trough
concentration and immunogenicity, we have attempted to ascertain optimal use of TDM with
vedolizumab. We observed that, cross-sectionally, vedolizumab trough concentration is
significantly higher in patients responding to therapy vs. those not responding to therapy,
among patients with ulcerative colitis; in Crohn’s disease, there were similar numeric trends,
but the results were not significant. During induction therapy, at week 6, vedolizumab trough
concentration >18-20ug/ml is associated with higher likelihood of favorable outcomes on
follow-up. During maintenance therapy, vedolizumab trough concentrations >10-12ug/ml
are associated with the presence of clinical remission, and higher trough concentrations are
associated with the presence of endoscopic remission, albeit with modest discriminative
power. It is important to note that this correlation does not imply causative association.
Finally, immunogenicity with vedolizumab is low with antibodies to vedolizumab detected
in ~2-3% patients using a drug-tolerant assay, and 0.5-1% patients having persistent
antibodies to vedolizumab using a drug-sensitive assay, suggesting the likelihood of
immune-mediated pharmacokinetic failure may be low.

Across studies, we observed that among remitters (clinical and/or endoscopic), vedolizumab
trough concentration is significantly higher than non-remitters, in patients with ulcerative
colitis, with similar trends in Crohn’s disease that did not reach statistical significance.
Several factors consistently associated with superior clinical outcomes (high albumin, low

Aliment Pharmacol Ther. Author manuscript; available in PMC 2020 March 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Singh et al.

Page 8

C-reactive protein, low body mass index) are also associated with higher vedolizumab
trough concentration.® 20 Hence, as observed with infliximab, it is likely that ulcerative
colitis remitters have lower drug clearance and higher vedolizumab trough concentration
than non-remitters. Vedolizumab label for Crohn’s disease in Europe allows for extra
vedolizumab dose at week 10 among patients with inadequate response to therapy for week
6. These patients may have higher post-induction and steady state vedolizumab trough
concentrations, but due to confounding by indication, may have inferior clinical outcomes
(due to more severe disease leading to lack of response by week 6). In addition, the
measurement of clinical and endoscopic disease activity in patients with ulcerative colitis is
standardized and straightforward, whereas in Crohn’s disease, there are numerous problems
with the accurate and reproducible measurement of clinical symptoms and endoscopy, and
the correlation between clinical symptoms and endoscopic findings is poor. These factors
may in turn add noise to the comparison and make it relatively harder to detect differences
between remitters and non-remitters. This may explain lack of significant difference in
vedolizumab trough concentrations in remitters vs. non-remitters in patients with Crohn’s
disease. Given these factors, it may be reasonable to consider applying the significant results
observed in patients with ulcerative colitis, to patients with Crohn’s disease since the
mechanisms of drug clearance and drug efficacy are likely to be similar in the two
conditions.

Based on a qualitative synthesis of thresholds when monitoring vedolizumab trough
concentrations, we observed that at week 6 and during maintenance therapy, vedolizumab
trough concentrations >20ug/ml and >12ug/ml, respectively were associated with favorable
clinical outcomes. It is unclear whether “subtherapeutic” vedolizumab concentration (below
these thresholds) is a consequence of rapid drug clearance or the cause of inadequate
response. Mechanistically, unlike cytokine antagonists, vedolizumab binds to the a 487
integrin and blocks lymphocyte interaction with mucosal addressin cell adhesion molecule-1
expressed on the endothelium of mesenteric lymph nodes and gastrointestinal mucosa,
impairing the migration of gut-homing lymphocytes into gastrointestinal mucosa.2 Recent
studies have suggested that vedolizumab may exert it’s clinical effect through additional
mechanisms of action. Zeissig and colleagues observed that vedolizumab’s efficacy might be
related to modulation of innate immunity with significant changes in macrophage population
and altered expression of pattern recognition receptors, rather than only due to inhibition of
T-cell trafficking.25 In these instances, higher vedolizumab serum concentrations, or
potentially tissue drug concentrations, may be associated with superior efficacy which
remains to be studied in prospective, interventional studies. Besides vedolizumab trough
concentrations, studies have demonstrated that combining this with other biomarkers
involved in leukocyte trafficking such as soluble MAdCAM-1, s soluble VCAM-1 and
soluble ICAM-1 may help identify patients at higher likelihood of response to therapy.19

It remains unclear whether routine assessment of vedolizumab trough concentration in
patients with primary non-response or secondary loss of response is warranted. With low
immunogenicity, and lack of clear data on target levels for mechanistic efficacy, the role of
vedolizumab TDM in decision-making (dose-escalation or switching therapies) is
adjunctive, and would require accounting for multiple clinical factors besides trough
concentration. In a systematic review of 10 cohorts, pooled incidence rates of loss of
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response were 47.9 per 100 person-years of follow up among patients with Crohn’s disease
and 39.8 per 100 person-years of follow up in patients with ulcerative colitis; dose
intensification was able to response to the drug in 53.8% patients with secondary non-
responders; TDM was not routinely performed in these cohorts.28 Since this data was not
blinded or controlled data, it is possible that magnitude of benefit with empiric dose
escalation may be overestimated; pivotal GEMINI trials did not identify any difference in
efficacy of every 4 vs. every 8 week dosing of vedolizumab. As a counter-argument, TDM
may help identify a substantial minority of patients with a conceivable, yet poorly-defined
threshold trough concentration above which escalation of therapy may not be effective, and
likewise, identify a small subset of patients with immunogenicity to vedolizumab, where
escalation may not be effective in case of high-titer anti-drug antibodies. Early TDM during
induction may help more accurately identify patients where vedolizumab clearance is high
and for whom early dose escalation may be helpful. Some studies have identified an
independent association between early vedolizumab trough concentrations and future
outcomes, beyond what may be predicted by conventional clinical parameters.2? Accounting
for these findings, we have proposed an algorithmic approach when applying TDM for
vedolizumab in clinical practice (Figure 4). It is important to note that upper limit of
therapeutic target beyond which further escalation of therapy is very unlikely to be helpful,
has not been well-identified. We propose that if TDM is used for vedolizumab, then a
therapeutic target range might be between 20-30ug/ml for week 6 concentration, and
between 12-20ug/ml for maintenance therapy for achieving clinical and/or endoscopic
remission.

The strengths of this review is a systematic, quantitative and qualitative synthesis of all
available evidence on vedolizumab trough concentrations, across induction and maintenance
therapy. The limitations of a study-level synthesis is the inability to account for individual
patient level covariates, as well as inability to more accurately identify thresholds associated
with high sensitivity or specificity of achieving clinical outcomes of interest. Individual
studies used varying dosing schedules for vedolizumab (every 4 or 8 weeks) and time points
of assessment, which may affect an association of exposure and response, and may have
impacted proposed thresholds. Furthermore, given the lack of comparative studies of
analytical assays, absolute concentrations across studies may differ. Some of these
limitations may be overcome with an individual patient level synthesis, pooled exposure-
response analysis and development of a dynamic prediction model which accounts for time-
varying changes in factors associated with drug clearance.

In conclusion, based on a systematic evidence synthesis, there is a correlation between
vedolizumab trough concentration and clinical outcomes, particularly in patients with
ulcerative colitis. While appropriate use of TDM for vedolizumab is not entirely clear
(unlike for TNFa antagonists), if TDM is used, then aiming for a minimum threshold
vedolizumab trough concentrations >20ug/ml and >12ug/ml at week 6 and maintenance
therapy, respectively, may help avoid premature treatment discontinuation in patients with
suboptimal response; optimal therapeutic window remains unclear. While the field is
evolving, we believe this synthesis will provide early evidence-based guidance on the use of
TDM for vedolizumab in IBD. Prospective cohort and interventional studies are warranted
to more inform the role of a treat-to-trough strategy for vedolizumab.
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options.
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Figure 1.
Study selection flowchart
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Study name REMITTERS NON-REMITTERS Difference in means and 95% CI
Mean, N Mean, N Difference Lower Upper
inmeans limit limit
Dreesen 2018 13.9; 44 6.7;16 720 316 1124 ——.—)|
Al-Bawardy 2018 14.7;11 11.3;14 340 -1060 1740 .
Battat 2018 10.2; 10 10.3;10 010 -1275 1255 [€ . J
Ungaro 2019 15.0; 36 10.7;75 430 1.28 7.32
CLINICAL REMISSION 5.10 275 744
Dreesen 2018 14.6;32 9.6;24 5.00 0.15 9.85
Al-Bawardy 2018 23.7;8 15.6; 24 8.10 -8.74 2494 @
Battat 2018 10.6;13 9.0;7 160 -1237 1557 .
Yacoub 2018 16.9; 24 8.8;19 810 306 13.14 — @
Ungaro 2018 11.3; 10 9.75; 18 1.55 413 7.23 .
ENDOSCOPIC REMISSION 5.07 2.20 794 ‘
-10.00 -5.00 0.00 5.00 10.00
Lowertrough Highertrough
Figure 2.

Mean difference in vedolizumab trough concentrations (in pg/ml) in remitters vs. non-
remitters in patients with UC
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Difference in Vedolizumab (in mcg/dl) Trough between Responders vs. Non-Responders in Crohn’s Disease
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Study name Difference in means and 95% CI
REMITTERS NON-REMITTERS Difference Lower Upper
Mean, N Mean, N inmeans limit limit

Al-Bawardy 2018 13.7;,17 16.3; 17 -260 -1240 7.20 .

Ungaro-CD 10.9; 46 86,87 230 -023 483 -+
CLINICAL REMISSION 1.99 -046 445 “
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Figure 3.

Mean difference in vedolizumab trough concentrations (in pg/ml) in remitters vs. non-
remitters in patients with CD
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Lack of adequate clinical and/or
endoscopic response to vedolizumab

Primary non-response to
INDUCTION THERAPY by week 6

! ! ! l

Secondary loss of response after initial
response, MAINTENANCE THERAPY

Empiric dose Check vedolizumab Check vedolizumab Empiric dose
escalation to every trough concentration trough concentration escalation to every
4 weeks 4 weeks

.................. i S ——
E Below LLQAND ! i Below LLQ AND E
! high-titer ATV; upper ! 1 high-titer ATV; upper
____________ ! limit of therapeutic |  ___________ E limit of therapeutic i
i <20pg/ml, 1|} target notdefined | ! «1 2ug/mi, E I target not defined !
. noATV. 1|\ probably>30 40/l | || noATV [} (probably>20sgm) |

Escalate to Switch to Escalate to Switch to

every 4 alternative every 4 alternative

weeks therapy weeks therapy
Figure 4.

Proposed algorithm for applying therapeutic drug monitoring for vedolizumab. Please note,
proposed trough concentrations may vary depending on what treatment endpoint is being
targeted (clinical response, clinical remission, endoscopic remission, histologic remission,
etc.). LLQ refers to lower limit of quantification of vedolizumab assay. Upper limit of
therapeutic target beyond which further escalation of therapy is very unlikely to be helpful,
has not been well-identified; based on expert opinion, this threshold is probably >30ug/mi
for week 6 level and >20ug/ml for maintenance trough concentration.
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