
Gene Expression Signature for Prediction of Golimumab
Response in a Phase 2a Open-label Trial of Patients With
Ulcerative Colitis

Q5 Shannon E. Telesco,1 Carrie Brodmerkel,1 Hongyan Zhang,2 Lilianne (Lee-Lian) Kim,2

Jewel Johanns,2 Abhijit Mazumder,3,4 Katherine Li,1 Frédéric Baribaud,1 Mark Curran,5

Richard Strauss,6 Bethany Paxson,7 Scott Plevy,8 Timothy Davison,9 Laura Knight,10

Sian Dibben,9 Stefan Schreiber,11 William Sandborn,12 Paul Rutgeerts,13 Corey A. Siegel,14

Walter Reinisch,15 and Linda Greenbaum16,17

1Immunology Biomarker, Janssen Research and Development, LLC, Spring House, Pennsylvania; 2Clinical Biostatistics,
Janssen Research and Development, LLC, Spring House, Pennsylvania; 3R&D Operations, Janssen Diagnostics, Janssen
Research and Development, LLC, Spring House, Pennsylvania (former); 4Companion Diagnostics, Oncology Biomarker
Development, Genentech, South San Francisco, California; 5Immunology Companion Diagnostics, Janssen Research and
Development, LLC, Spring House, Pennsylvania; 6Translational Medicine Science, Janssen Research and Development, LLC,
Spring House, Pennsylvania; 7Global Regulatory Affairs, Immunology, Janssen Research and Development, LLC, Spring
House, Pennsylvania; 8Disease Area Stronghold, Inflammatory Bowel Diseases, Janssen Research and Development, LLC,
Spring House, Pennsylvania; 9Bioinformatics and Biostatistics, Almac Group, Craigavon, United Kingdom; 10Internal Product
Development, Almac Group, Craigavon, United Kingdom; 11Institute for Clinical Molecular Biology, Kiel, Germany;
12Department of Medicine, University of California San Diego, La Jolla, California; 13Department of Gastroenterology, University
of Leuven, Leuven, Belgium; 14The Dartmouth Institute for Health Policy & Clinical Practice, Dartmouth-Hitchcock Inflammatory
Bowel Disease Center, Dartmouth-Hitchcock Medical Center, Lebanon, New Hampshire; 15Division of Gastroenterology and
Hepatology, Department of Internal Medicine III, Medical University of Vienna, Vienna, Austria; 16Clinical Development,
Gastrointestinal, Immunology, Janssen Research and Development, LLC, Spring House, Pennsylvania (former); and 17Novartis
Institutes for Biomedical Research, East Hanover, New Jersey

Golimumab, a tumor necrosis factor antagonist, is an effec-
tive treatment for patients with moderate-to-severe ulcera-
tive colitis (UC); however, more than 50% of initial
responders lose their response to the drug within the first
year of therapy. A gene expression signature identified in
colon biopsies collected before treatment was associated
with response to infliximab, andwas subsequently refined to
associate with mucosal healing in response to golimumab.
We performed a phase 2a open-label study of 103
golimumab-treated patients with moderate-to-severe UC
to test whether the baseline gene expression signature could
be used to predict which patients would achieve mucosal
healing, clinical response, and clinical remission at weeks 6
and 30 of treatment. The gene expression signature identi-
fied patients who went on to achieve mucosal healing at
treatment week 6 with an area under the receiver
operating characteristic curve (AUCROC) of 0.688 (P [ .002)
and at week 30 with an AUCROC of 0.671 (P [ .006). The
signature identified patients with mucosal healing with
87% sensitivity, but only 34% specificity, limiting its
clinical utility. The baseline gene expression signature did
not identify patients who went on to achieve clinical remis-
sion or clinical responsewith statistical significance. Further
studies are needed to identify biomarkers that can beused to
predict which patients with UC will respond to treatment
with anti–tumor necrosis factor agents. ClinicalTrials.gov no:
NCT01988961.

Keywords: PROgECT; Transcriptomics; Gene Signature; Predic-
tion of Response.

Golimumab (SIMPONI), an anti–tumor necrosis factor
drug, has demonstrated efficacy vs placebo in patients

with moderate-to-severe ulcerative colitis (UC); however,
many patients are primary anti–tumor necrosis factor non-
responders, defined as a lack of clinical response to induction
therapy.1 Additionally, more than 50% of initial responders
experience loss of response within the first year of therapy.2

Predicting whether a patient will respond to a particular
treatment would allow for a patient-specific treatment plan,
with expectations of improved safety and efficacy.3,4 The
development of biomarkers that predict individual patient
responses to specific inflammatory bowel disease (IBD)
therapies has been challenging, partially due to disease
complexity, cohort variability, and heterogeneity of molecular,
endoscopic, and clinical endpoints. Here we describe the
identification and prospective replication of a colonic gene
expression signature to predict golimumab mucosal healing
response in patients with moderate-to-severe UC.

The predictive gene expression signature was initially
identified from colon biopsies collected in the ACT1

Abbreviations used in this paper: AUCROC, area under the receiver oper-
ating characteristic curve; CI, confidence interval; IBD, inflammatory
bowel disease; MPS, molecular prediction signature; UC, ulcerative
colitis.
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infliximab study (Supplementary Methods).5 Baseline
expression levels of a panel of 109 probe sets distinguished
responders (n ¼ 12) from nonresponders (n ¼ 10) at week
8 with >90% sensitivity and specificity. Response was
defined as complete mucosal healing and histologic
normalization (a Mayo endoscopic subscore of 0 or 1 and a
grade of 0 or 1 on the Geboes histological scale).6 The
predictive panel of 109 probe sets, representing 81 unique
genes, was refined using baseline gene expression from
colon biopsies (Supplementary Methods) collected in the
PURSUIT golimumab study.7 A 13-gene signature (Table 1)
achieved the maximum area under the receiver operating
characteristic curve (AUCROC) value for predicting week 6
mucosal healing response in PURSUIT (AUCROC of 0.768).
Hereafter, the length-13 gene signature is referred to as the
molecular prediction signature (MPS).

The MPS was then prospectively evaluated for predic-
tion of mucosal healing, clinical response, and clinical
remission in an open-label study (PROgECT; NCT01988961)
of 103 patients treated with golimumab (Supplementary
Methods).

The primary objective of the PROgECT study was to
evaluate the accuracy of the MPS derived from gene
expression in colon biopsies collected at screening to pre-
dict mucosal healing at week 6. Secondary objectives were
to evaluate the accuracy of the MPS to predict clinical
response and clinical remission at weeks 6 and 30 and
mucosal healing at week 30.

For the primary endpoint, a receiver operating charac-
teristic (ROC) curve for MPS was generated for mucosal
healing based on the fraction of true positives and false
positives at week 6. The AUCROC was 0.688 (P ¼ .002;
Table 2), indicating a better-than-chance accuracy of the
MPS to predict week 6 mucosal healing. Two thresholds
were applied (Threshold A: �3.8234; Threshold B: 1.0000)

to dichotomize patients into mucosal healing responder or
nonresponder (see Supplementary Methods for explanation
of threshold selection). An analysis based on Threshold A
showed superior sensitivity: 1.000, with a lower bound of
95% confidence interval (CI) of 0.878, P < .001, and a low
specificity of 0.186. An analysis based on Threshold B also
showed superior sensitivity: 0.870, with a lower bound of
95% CI of 0.696, P < .001, and a low specificity of 0.343.

Additionally, the MPS predicted mucosal healing at week
30 (AUCROC: 0.671, P ¼ .006, lower bound of 95% CI: 0.569;
Table 2). In contrast, the ROC curves for clinical response at
weeks 6 and 30 and for clinical remission at week 6 showed
that the accuracy of prediction was no better than chance
(Table 2). Prediction of clinical remission at week 30
showed a positive trend (AUCROC: 0.633, P ¼ .059; Table 2).

The PROgECT study prospectively tested the ability of a
gene transcript panel measured in colon biopsies to predict
golimumab mucosal healing response in patients with

Table 1.Genes Included in the MPS Panel

Gene symbol Gene name

cmtm2 CKLF-like MARVEL transmembrane domain
containing 2

C5ar1 complement C5a receptor 1
fgf2 fibroblast growth factor 2
gk glycerol kinase
hgf hepatocyte growth factor
il1rn interleukin 1 receptor antagonist
lilra2 leukocyte immunoglobulin like receptor A2
nampt nicotinamide phosphoribosyltransferase
pappa pappalysin 1
snca synuclein alpha
sod2 superoxide dismutase 2; mitochondrial
steap4 STEAP4 metalloreductase
zbed3 zinc finger BED-type containing 3

MPS, molecular prediction signature.

Table 2.MPS Prediction of Primary and Secondary Endpoints

Parameter AUCROC

Lower Bound of
1-sided 95% CI 1-sided P

Week 6 (N ¼ 93)
Mucosal healing 0.688 0.589 .002
Clinical response 0.520 0.419 .740
Clinical remission 0.558 0.429 .462

Week 30 (N ¼ 93)
Mucosal healing 0.671 0.569 .006
Clinical response 0.588 0.488 .148
Clinical remission 0.633 0.517 .059

Note: Of the 103 treated patients, 93 patients were included
in the primary analysis (4 patients from 1 site were excluded
due to site compliance issues and 6 patients from other sites
were excluded due to lack of valid biomarker samples).
AUCROC, area under the receiver operating characteristic
curve; CI, confidence interval; MPS, molecular prediction
signature; N, number of patients.
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