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Abstract

Background—Acute severe ulcerative colitis (ASUC), the most aggressive presentation
ulcerative colitis (UC), occurs in 15 percent of adults and children with UC. First line therapy with
intravenous corticosteroids is ineffective in half of adults and one third of children. Therapeutic
monoclonal antibodies against TNF (anti-TNF therapy) are emerging as a common treatment for
ASUC due to their similar efficacy to calcineurin inhibitors and more favorable adverse effect
profile.

Aim—To comprehensively review the evidence for anti-TNF therapy for ASUC in children and
adults with regard to outcomes and pharmacokinetics.

Methods—PubMed and recent conference proceedings were searched using the terms “ulcerative
colitis”, “acute severe ulcerative colitis”, “anti-TNF”, “pharmacokinetics”, and the generic names
of specific anti-TNF agents.

Results—Outcomes after anti-TNF therapy for ASUC remain suboptimal with aboutone half of
children and adults undergoing colectomy. While several randomized controlled trials have
demonstrated the efficacy of anti-TNF therapy for ambulatory patients with moderate to severely
active UC, patients in these studies were less ill than those with ASUC. Patients with ASUC may
exhibit more rapid clearance of anti-TNF biologics due pharmacokinetic mechanisms influenced
by disease severity.

Conclusions—Conventional weight-based dosing effective in patients with moderately to
severely active UC, may not be equally effective in those with ASUC. Personalized anti-TNF
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dosing strategies that integratepatient factors and early measures of pharmacokinetics and
response hold promise for ensuring sustained drug exposure and maximizing early mucosal
healing in patients with ASUC.
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1. Introduction

Ulcerative colitis (UC) affects approximately 600,000 individuals in the United States,
20,000 of whom are children.1-2UC is clearly a global disease, as its incidence is rising in
nations around the world.3Furthermore, as previously low-incident countries become more
developed, the rate of inflammatory bowel disease (IBD) increases beginning with the
emergence of increased UC cases.* Across various cohorts, between 14 and 47% of adults
with UC will develop pan-colitis and 12-15% will develop aggressive or severe disease
requiring hospitalization.>6In contrast, pan-colitis occurs in 80% of children with UC, a
much higher frequency than in adults, with 15% exhibiting severe disease.’Intravenous (V)
corticosteroids are first line treatment for acute severe UC (ASUC) requiring hospitalization
in children and adults. Approximately one third of children and one half of adults
hospitalized for acute severe UC (ASUC) will prove refractory to IV
corticosteroids.8-11Therapeutic monoclonal antibodies against tumor necrosis factor (anti-
TNF therapy) are emerging as the predominant treatment for ASUC refractory to IV
corticosteroids; however, colectomy rates still remain high.?Approximately 30% of adults
with ASUC undergo colectomy within 60 days of admission.*2In children with ASUC, 10%
undergo colectomy prior to discharge, with a cumulative colectomy rate at 1 year of
20%.9This review will focus on the evidence supporting the use of anti-TNF therapy for
ASUC, limitations of previous large randomized clinical trials with regard to ASUC, and
how understanding the pharmacokinetics (PK) and pharmacodynamics (PD) of anti-TNF
biologics can lead to improvements in how we use this class of drugs to treat ASUC.

2. Treatment of Steroid-Refractory ASUC Before Anti-TNF Therapy

In 1992, a landmark randomized controlled trial of the calcineurin inhibitor cyclosporine for
ASUC refractory to IV corticosteroids was ended early after enrollment of only 20 patients
due to an 82 percent response rate in the treatment arm compared to 0 percent in the placebo
arm.13Due to frequent serious adverse effects association with chronic cyclosporine use
(hypertension, hyperkalemia, neuropathies, and infection) it is generally used as a bridge
therapy to thiopurines,with the colectomy rates in the subsequent 18 months remaining high
at 34 percent.14The macrolide calcineurin inhibitor tacrolimus has also been an appealing
option for the treatment of ASUC given the growing comfort with the drug for the
prevention of transplant rejection, and its more favorable adverse effect profile and oral
bioavailability compared to cyclosporine. In an open-label single arm trial in children with
ASUC, 69 percent responded to tacrolimus, but 44 of responders underwent colectomy by 1
year.1® In a randomized controlled trial in adults with ASUC, tacrolimus induced a clinical
response in 50 percent of patients and mucosal healing in 44 percent.16 While calcineurin
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inhibitors are used in many centers for the treatment of ASUC, treatment with anti-TNF
biologics has become more common due to their more favorable adverse effect profile,
indication as a maintenance therapy, and familiarity with the drug for the treatment of less
severe UC and Crohn’s disease (CD). In fact, a long-awaited head-to-head randomized
controlled trial comparing cyclosporine to infliximab for the treatment of ASUC in adults
demonstrated a similar rates of treatment failure by Day 7 of 60 and 54 percent in the
cyclosporine and infliximab arms, respectively.”Interestingly, a key feature of calcineurin
inhibitor treatment in ASUC, which has not been generally been employed with anti-TNF
biologics,is the measurement of trough drug levels to optimize and individualize
dosing.1819The evaluation of individual pharmacokinetic parameters may explain reported
response rates as high as 80-90% with calcineurin inhibitors, and may be an important
lesson that can be applied to maximize responses to anti-TNF therapy.13.19

3. Randomized Controlled Trials of Anti-TNF biologics for Moderate to

Severely Active UC: Relevance to ASUC

Infliximab treatment regimens used for ASUC are based on those in the Active Ulcerative
Colitis Trials (ACT) 1 and 2, which demonstrated efficacy in moderate to severely active
ulcerative colitis in adults. Across both trials, clinical remission was achieved in 34-40
percent and mucosal healing in 60-62 percent of patients at week 8.20However, the patient
population treated in ACT 1 and 2 were very different from patients ASUC. Fifty-six
percent of patients in ACT 1 and 2 had only left-sided disease, and on average patients had a
Mayo score consistent with moderate disease severity. Similarly, outcomes after infliximab
in children hospitalized ASUC are not reflected by the major pediatric randomized
controlled trial of infliximab for moderate to severely active UC, which demonstrated 40
and 68 percent remission and mucosal healing rates, respectively.2!\While most patientsin
this trialdid have extensive involvement (extensive disease is more common in children),
children with ASUC were specifically excluded, and 75% of the children with a clinical
response at 8 weeks exhibitedonly moderate disease severity. Two subcutaneous anti-TNF
biologics, adalimumab and golimumab, are also efficacious for moderately to severely
active UC in ambulatory patients. In the adalimumab trial, remission at week 8 was achieved
in 18.5% of patients treated with adalimumab at the 160/80 mg induction regimen.22While
this remission rate was lower than that in ACT 1 and 2, it is important to note that patients in
the adalimumab trial may have had more severe disease as reflected by a higher baseline
median c-reactive protein (CRP) levels and a lower percentage of left-sided disease (38%),
and, in these regards, were more similar to patients with ASUC. The PURSUIT-SC
golimumab trial population was more similar at baseline to those of ACT 1 and 2, and the
rate of clinical remission and endoscopic healing was 18 percent and 45 percent,
respectively, at 6 weeks.23 Interestingly, insecondary analyses in both these trials, higher
CRP and higher baseline Mayo scores were associated with decreased rates of remission.
Given the more moderate disease severity of the study populations in these trials, and the
results of secondary analyses indicating disease severity may impact response, it follows that
anti-TNF dosing regimens for ambulatory children and adults with moderate to severely
active UC may not be similarly effective in those hospitalized with ASUC.
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4. Evidence Supporting Anti-TNF Therapy for ASUC

There have been two randomized controlled trials of infliximab for ASUC in adults. Sands
and colleagues randomized patients to a single infusion of placebo or infliximab 5, 10, or 20
mg/kg, but stopped enrollment after only 11 patients because of slow accrual.2* Amongst
patients treated with infliximab, 4 of 8 achieved a clinical response by 2 weeks, compared to
0 of 3 of those treated with placebo, all of whom underwent colectomy. A later, larger
clinical trial by Jarnerotand colleaguesrandomized 45 patients with an acute exacerbation of
moderate-severely active UC refractory to intravenous corticosteroids to a single dose of
infliximab 5 mg/kg or placebo.25Twenty-nine percent of patients in the infliximab arm
underwent colectomy by 30 days compared to 66 percent in the placebo arm. However,
when only the 28 patients who met all the criteria for fulminant colitis were examined, 47
percent of patients in the infliximab arm underwent colectomy compared to 69 percent in the
placebo arm. There have also been a number of observational studies reporting a wide range
of short-term colectomy rates after rescue therapy with infliximab for ASUC (Table 1). In
pediatrics, Turner and colleagues performed a prospective multicenter cohort study of
children with ASUC in which 33 patients were treated with infliximab after failing to
respond to intravenous corticosteroids. In those treated with rescue infliximab, 24 percent
underwent colectomy prior to discharge and an additional 33 percentunderwent colectomy
or continued to be steroid-dependent at 1 year.?Collectively, these studies support that,
while infliximab is effective as rescue therapy for ASUC, near- and long-term outcomes
remain poor in a large fraction of patients.

5. Considering Anti-TNF Biologic Pharmacokinetics in ASUC: The Sponge,
The Shark, and the Sieve

Multiple studies have demonstrated the association between higher serum concentrations of
anti-TNF biologics and better outcomes.26-28The importance of serum anti-TNF
concentrations was first reported by Seow and colleagues who showed that in a cohort of
adult UC patients treated with infliximab, rates of remission and endoscopic improvement
were substantially higher, and rates of colectomy were substantially lower, in those with
detectable trough serum infliximab concentrations.28Subsequently, in an analysis of patients
in the ACT 1 and 2 trials, serum infliximab concentrationswere significantly higher in
patients with clinical response, mucosal healing, and/or clinical remission at all time points
studied.2® The authors reported that an approximate trough serum infliximab concentration
of 41 pg/ml at 8 weeks(two weeks after the third induction dose), and 3.7 pg/ml at
maintenance steady state was associated with optimal outcomes. Similarly, analysis of the
pediatric UC infliximab trial revealed higher rates of clinical response, remission, and
mucosal healing in those in the highest week 8 serum infliximab concentration quartile (>41
pg/ml) compared to those in the lowest quartile (<18.1 ug/ml).27

Consideration of factors influencing anti-TNF PK/PD and their relation to disease severity
may shed light on how we may more optimally administer these drugs to treat ASUC. If
patients with ASUC exhibit accelerated clearance of therapeutic monoclonal antibodies, they
may benefit from alternative dosing strategies to optimize their exposure to the drug. As
outlined below and in Figure 1, a helpful metaphor may be to consider the patient with
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ASUC as a Sponge, a Shark, and a Sieve with regard to how she handles anti-TNF biologic
drugs.

5.1. The Sponge: High TNF Burden

Patients with ASUC likely have a higher serum and mucosal TNF burden that acts as a
“sponge” to quickly absorb and bind anti-TNF monoclonal antibodies, which may lead to
more rapid drug clearance. Serum TNF is elevated in UC and correlates with disease
severity. In one study, peak serum TNF levels were 2.5 fold higher in severe compared to
moderate UC.29 Similarly, mucosal TNF from lymphocytes and macrophages isalso highly
correlated with UC disease severity.30In the recent ATLAS study, the investigators
measuredserum anti-TNF levels along with mucosal TNF and anti-TNF levels in adult IBD
patients on anti-TNF therapy undergoing endoscopy.31Patients with severe inflammation
exhibited higher mucosal TNF levels and lower mucosal anti-TNF levels than those with
moderate inflammation, resulting in the lowest ratio of mucosal anti-TNF to TNF.
Furthermore, patients with a mismatch between serum and mucosal anti-TNF levels were
most likely to exhibit active mucosal disease. Collectively, these findings support that high
mucosal TNF levels negatively influence mucosal anti-TNF drug levels and therapeutic
effect locally at the site of inflammation.It may simply follow that patients with ASUC
require higher and/or more frequent dosing of anti-TNF therapy than ambulatory patients
with less severe disease in order to sufficiently neutralizehigher levels of tissue and
circulating TNF. In a prospective study of patients with moderate to severely active UC
treated with infliximab, mucosal healing was achieved in 82%, 64% and 42% of patients
with low, middle and high pre-treatment mucosal TNF gene expression,
respectively.32Similarly, higher serum TNF levels have been associated with poorer
response to infliximab in rheumatoid arthritis and fistulizing CD.33:34

5.2. The Shark: Proteolytic Degradation by the Reticuloendothelial System

As 1gG1 monoclonal antibodies, anti-TNF biologics used in the treatment of UC form
immune complexes with TNF that are likely cleared through Fc receptor-mediated
endocytosis and proteolytic degradation by mononuclear phagocytes of the
reticuloendothelial system (RES).3%:36Alternatively, therapeutic monoclonal antibodies may
bind cell-surface expressed TNF on immune cells, opsonizing these cells for phagocytosis. It
is suspected that RES activity is influenced by degree of inflammation; therefore, the severe
inflammatory burden of ASUC may lead to increased activity of RES phagocyte “sharks”
that “chew” through anti-TNF therapeutic monoclonal antibodies leading to more rapid
clearance.3® Supporting this notion, elevated CRP is associated with faster infliximab
clearance, and higher fecal calprotectin levels are associated with poorer response to
infliximab in adults with UC.37-38 In a study by our group of children hospitalized with
acute UC or Crohn’s colitis, erythrocyte sedimentation rate was highly predictive of need for
infliximab dose escalation, also suggesting more rapid clearance in those with higher
degrees of systemic inflammation.39

The RES does contain an important recycling mechanism for 1gG. Both 1gG (including
therapeutic 1gG antibodies) and albumin bound to the neonatal Fc receptor (FCRn) expressed
on RES vascular endothelial and myeloid cells are protected from lysosomal catabolism and
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returned to the circulation.35This salvage mechanism, which may prolong the half-life of
IgG therapeutic monoclonal antibodies, can be saturated in the setting of high circulating
IgG concentrations. Therefore, others have proposed that in the setting of severe
inflammation, such as that in ASUC, high circulating endogenous 1gG may saturate FCRn
binding sites and reduce retention of therapeutic monoclonal antibodies.3®

5.3. The Sieve: Gut Leakage

Patients with ASUC are known to have protein losses through the diseased colon, which
partially explainsthehypoalbuminemia commonly seen in these patients.*OThere is now
increasing recognition that therapeutic monoclonal antibodies may also pass through the
diseased colon mucosa into the stool. Accordingly, patients with ASUC may act as “sieves”
with a proportion of the biologic drug being lost to the stool as soon as it is being
administered. Early studies using nuclearscintigraphy studies demonstratedthat technetium-
labeled human immunoglobulin accumulated in the colons of UC patients, supporting the
notion of immunoglobulin gut loss in UC.#1Brandseand colleagues were the first to report
detectable infliximab in the feces of patients with IBD treated with their first dose of
infliximab, with the highest levels in the first few days after the infusion.*2They reported in
a follow-up study of adult patients with moderate-severely active UC that patients without
endoscopic response at week 6-8 exhibited higher Day 1 fecal infliximab concentrations,
lower serum infliximab levels at week 6, and in some cases, early development of antibodies
to infliximab.*3 While these are preliminary reports, fecal loss of therapeutic monoclonal
antibodies, especially in patients with the most severe disease, warrants further
investigation.Low serum albumin, which may serve as a biomarker for stool protein loss,
has been associated with low serum infliximab levels, early infliximab dose escalation, and
infliximab non-response in children and adults with UC.23:27.39,44-46

6. Baseline Factors Associated with Anti-TNF Pharmocokinetics

In order to individualize dosing of anti-TNF biologics to achieve early optimal drug
exposure, we must ultimately incorporate informative baseline patient and disease factors
into our algorithms. Many factors have already been associated with low levels of anti-TNF
biologics, poor response, or both in patients with UC (Table 2). Low serum albumin is the
most consistently identified disease factor associated with rapid anti-TNF
clearance.26:27.44.47\\jith regard to patient factors, weight exhibitsa non-linear relationship
with anti-TNF clearance such that small patients under 40 kg are more likely to exhibit low
trough levels with conventional dosing.4” Male sex has also been associated with more rapid
clearance.3 Interestingly, although concomitant treatment with an
immunomodulator(thiopurine or methotrexate) is associated with slower anti-TNF clearance
in patients with CD, the same relationship has not been observed in UC.3748

7. The Future of Anti-TNF Therapy for ASUC

Accelerated clearance of anti-TNF biologics in children and adults with ASUC may explain
high treatment failure rates with conventional weight-based dosing developed for treatment
of ambulatory patients with moderate to severely active disease. Alternative dosing
regimens that ensure sustained optimal biologic exposure, especially early in the treatment
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of ASUC when inflammatory burden and colon injury is highest, may lead to improved
outcomes. As a quality improvement intervention, Gibson and colleagues introduced an
“accelerated” infliximab induction regimen for the treatment of ASUC.*6 In this regimen,
subsequent induction doses of infliximab (5 mg/kg) were administered based on worsening
clinical symptoms or inflammatory markers, instead of the standard regimen of doses at 0, 2,
and 6 weeks. The rate of early colectomy was 6.7% in patients treated with the accelerated
induction regimen, compared to 40% in a group of similar historical controls treated with the
standard induction regimen; although, long-term colectomy rates were similar between the
two groups. While this study serves as an important proof of principal that alternative dosing
regimens may be needed in patients with ASUC, doses were still administered in a reactive
fashion in response to deteriorating clinical signs.

Given the clear association between serum levels of anti-TNF biologics and patient
outcomes, it would seem rational to monitor levels and specified time points and adjust
doses to achieve optimal cut-off levels. This therapeutic monitoringapproach is being
actively investigated in patients with moderate to severely active UC and CD based mainly
on post-induction levels obtained at 6-14 weeks associated with improved
outcomes.*?->IHowever, time is of the essence in patients with ASUC, and measurement of
serum drug levels after induction will not be helpful for the 25-30% of ASUC patients who
will undergo colectomy in the first 2-4 weeks after treatment.%25Therefore, there is a need to
develop approaches to optimize anti-TNF dosing at the outset of treatment for ASUC.

We hypothesize such optimized anti-TNF regimens for ASUC will be achieved by
individualized dosing and pro-active adjustment based on early measurement of levels and
biomarkers of response. At this time, however, optimal time-points and targets for early
anti-TNF levels (i.e. within the first week of treatment) are unknown. The largest anti-TNF
PK-PD studies from UC clinical trials have analyzed primarily trough and peak blood
samples with each infusion, with no additional early measurements between the first two
infusions.2”:3"Therefore, we propose that the first step toward developing optimized dosing
strategies in ASUC will be to assemble a cohort of anti-TNF-naive patients with steroid-
refractory ASUC being initiated on an anti-TNF biologic to assess the following: 1)
individual baseline patient and disease parameters hypothesized to predict PK, 2) serial
measurementsof anti-TNF levels within the first week of treatment, and 3) measures of early
clinical response and longer term clinical remission. With such data, one could determine
whether variability in early anti-TNF exposure and clearance influences initial clinical
response, and generate a predictive model that relates anti-TNF PKback to clinically
relevant baseline parameters (e.g. dose, weight, aloumin, TNF, inflammatory markers, etc.).

Looking toward the future, software decisions support tools or “dashboards” that incorporate
a predictive PK model may be tested to tailor anti-TNF dosing regimens to individual
patients with ASUC, and reduce the variability in effective drug exposure.52Dashboard
systems can incorporate baseline covariates into a PK model to reduce unexplained
variability, and propose a dosing regimen estimated to result in optimal drug exposure for a
given patient.52As proof of this principle, in adult patients with UC and CD of varying
severity, the incorporation of individual weight and albumin parameters increased the
accuracy of predicted serum infliximab concentrations.#’Once the individualized dosing
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regimen is applied, early proactive monitoring of serum drug concentrations and biomarkers
of treatmentresponse (e.g. CRP) can be used to update the PK model and guide subsequent
dosing in real time (adaptive dosing). Patients with ASUC are an ideal population for the
clinical application of therapeutic dashboards since they likely have profound inter-
individual variability in anti-TNF PK, and the severity of their condition requires
earlyproactive effective dosing. The future development and clinical application of PK
modeling in the form of dashboards that account for TNF burden (the Sponge),
inflammation-induced RES activation (the Shark), and intestinal losses (the Sieve), will
likely result in sustained exposure to the drug, mucosal healing, and fewer colectomies in
children and adults with ASUC.
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Figurel.
Conceptual framework for hypothesized mechanisms of rapid clearance of therapeutic anti-

TNF biologics in ASUC. (A) High concentrations of circulating and tissue TNF may act as a
“sponge” that rapidly “absorbs” or neutralizes standard dose of anti-TNF biologics. (B)
Mononuclear cell “sharks” within the upregulated RES may rapidly “chew through” drug-
TNF complexes by phagocytosis and proteolyticdegradation. (C) Leaky guts associated with
severe colonic inflammation may act as a “sieve”, permitting the excessive fecal loss of
therapeutic monoclonal antibody.
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Studies of Infliximab for ASUC refractory to intravenous corticosteroids

Study Study Design  |Ex Dosing™ o Short-term  Long-term
R §  Colectomy-
esponse’ +
(%) free
(%)
Adult Studies
Sands, et al. RCT Single dose(5, 11 50 -
(2001)% 10, or 20
ma/kg)
Kohn, et al. Prospective Single dose 13 77 -
(2002)53 cohort
Jarnerot,et al. RCT Single dose 15 53 -
(2005) 2005% (of 24)
Regueiro, et al. Retrospective 3 dose 12 25 -
(2006) cohort induction and
maintenance
Lees, et al. Retrospective  1-3 dose 39 66 62
(2007)* cohort induction,
repeated as
needed
Kohn, et al. Prospective 1-3 doses 83 85 70
(2007)54 cohort
Aratari, et al. Retrospective 3 dose 11 100 81
(2008)%5 cohort induction
Bressler, et al. Retrospective  Single dose + 21 76 62
(2008)5%6 cohort maintenance
Ho, et al. Prospective Single dose 21 52 -
(2009)38 cohort
Mortensen, et al.  Retrospective  1-3 dose 56 82 61
(2011)57 cohort induction +
maintenance
Monterubbianesi  Prospective 3 dose 113 82 75
et al.(2014)%8 cohort induction +
maintenance
Gibson et al. Retrospective 3 dose 35/15 4017 76/72
(2014) cohort induction +
maintenance
| accelerated
dosing;t
Pediatric Studies
Mamulaet al. Retrospective 2 dose 5 100 -
(2002 & cohort induction + (of 17)
2004)59.60 maintenance
Russell et al. Retrospective 3 dose 9 88 -
(2004)61 cohort induction + (of 14)
maintenance
Fanjianget al. Retrospective  Induction and 16 - 75
(2007)62 cohort maintenance  (of 27)
Cucchiara, etal.  Retrospective  Induction and 4 0
(2008)63 cohort maintenance  (of 22)
McGinnis et al. Retrospective 3 dose 27 70 61
(2008)54 cohort induction (5-  (of 39)
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Study Study Design | EX Dosing™ o Short-term  Long-term
§  Colectomy-
Response +
(%) free
(%)
Adult Studies
10 mg/kg) +
maintenance
Hyamset al. Prospective 1-3 dose 25 68 50
(2010)78 cohort induction + (of 52)
maintenance
Turner et al. Prospective 3 dose 33 76 55
(2010)° cohort induction +
maintenance
Falaiyeet al. Retrospective 3 dose 17 - 41
(2014)% cohort induction + (of 29)

maintenance

IFX, infliximab; RCT, randomized controlled trial

*
Dose =5 mg/kg unless otherwise noted

#Number of patients with ASUC (of total) treated with infliximab

§Short-termresponse outcome ranged from prior to discharge to 3 months

TLong-term colectomy-free outcome represents median follow-up of ranging 1-2 years

¢Accelerated induction = 3 induction doses given based on clinical statuswithin 24 day period

Aliment Pharmacol Ther. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Rosen et al.

Table 2

Page 15

Baseline factors reported to be associated with drug PK and/or clinical outcomes after anti-TNF therapy for

ucC

Baseline Factor

Association with PK

Association with outcomes

Age

Sex

Race

Weight

Albumin

CRP

ESR

Fecal
inflammatory
markers

Mayo Score

PANCA

TNF

Mucosal gene
expression

IFX clearance faster in men3’

Directly associated with IFX
volume of distribution 37

High body weight associated with
higherIFX clearance; low body
weight associated with low
trough IFX levels since
relationship between weight
and clearance is nonlinear*”

Directly associated with serum
IFX levels in children 27

Low albuminassociated withlow
serum IFX concentrations
rapid clearance26:4447

CRP inversely associated with
IFX levels 2

Inversely associated with IFX
levels?®
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Inversely associated with clinical
response to IFX 65

Increased rates of clinical
response and remission in
females treated with GLM 23

White race associated with higher

rates of GLM clinical response
23

Inversely associated with
frequency of IFX dose
escalation in children 39

Low serum albumin associated
with lower IFX response
rates*, increased colectomy
rates*, and increased
frequency of IFX dose
escalation in
children3?

CRP inversely associated with
GLM response??

High ESR associated with
increased frequency of IFX
dose escalation in children3®

Fecal lactoferrin inversely
associated with GLM
response?3

Fecal calprotectin inversely
related to IFX response in
ASUCS8

Inversely associated with
incidence of clinical remission
after treatment with IFX or
GLMZS,ZB

Positive pANCA associated with
decreased rates of clinical
response to IFX5°

Mucosal TNF gene expression
inversely associated with
response to 1FX32

Panel of 5 genes (TNFRSF11B,
STC1, PTGS2, IL13RA2 and
IL11) predicted response to
IFX56

Gene expression principle
component representing UC
molecular disturbance
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Baseline Factor ~ Association with PK Association with outcomes

associated with non-
response.5’

IFX, infliximab; GLM, golimumab; CRP, c-reactive protein; ESR, erythrocyte sedimentation rate; pANCA, pronuclear anti-neutrophil cytoplasmic
antibodies

Aliment Pharmacol Ther. Author manuscript; available in PMC 2016 June 01.



