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Background: Pro-inflammatory cytokines are dysregulated in Crohn’s disease (CD) and could serve as surrogate markers to improve diagnostic 
and therapeutic approaches, potentially addressing an unmet need. We profiled circulating biomarkers and whole blood transcriptional pathway 
activity to identify those associated with CD using data from the phase 2 FITZROY study with filgotinib, an oral preferential janus kinase-1 
inhibitor.
Methods: Patients with serum and whole blood samples taken from the induction period were included. Serum cytokines were measured 
(ELISA), whole blood RNA sequenced, and stool samples taken to measure fecal calprotectin (FC). Spearman’s Rank correlations were assessed 
between biomarkers and baseline disease activity; post-treatment endoscopic improvement was measured by the Simplified Endoscopy Score 
for CD (SES-CD), FC and the Crohn’s Disease Activity Index. Effect of filgotinib on circulating biomarkers was also evaluated.
Results: Serum biomarkers (n = 168) and whole blood RNA sequencing (n = 104) were assessed. Moderate correlation between serum analytes 
with SES-CD and FC was noted; most highly correlated were acute phase proteins CRP (rho = 0.35 [SES-CD] and 0.47 [FC]), serum amyloid 
A (rho = 0.40 and 0.39, respectively) and pro-inflammatory cytokines interleukin (IL)-6 (rho = 0.31 and 0.30, respectively), IL-22 (rho = 0.36 and 
0.35, respectively), and oncostatin M (rho = 0.35 and 0.33, respectively). Filgotinib treatment was associated with reduction of many candidate 
biomarkers, particularly in patients with treatment response. Early changes in IL-6 and IL-10 may be prognostic for endoscopic response.
Conclusions: Several circulating factors with potential as CD activity biomarkers were identified. Larger studies are necessary to investigate the 
best utility of these markers for CD.

Lay Summary 
Circulating biomarkers and whole blood transcriptional pathway activity were assessed in patients with Crohn’s disease (CD). Several circulating 
factors (CRP, SAA, OSM and IL-6) with potential for assessing CD activity were identified.
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Introduction
Crohn’s disease (CD) is a debilitating, incurable, immune-
mediated, chronic, idiopathic inflammatory bowel disease 
(IBD) that can affect the entire gastrointestinal tract.1,2 
Symptoms may include abdominal pain, diarrhea, fatigue, 
weight loss, fever, and chills, and the condition can sometimes 
lead to life-threatening complications.1,3 Around half of all 
patients with CD require surgery within 10 years of diagnosis 
and require chronic usage of corticosteroids and other im-
munosuppressive medications.2

Treatment of CD is based on the severity of the symptoms 
and underlying disease phenotype.1 However, options for 

assessing disease activity and severity are limited and often 
invasive. Traditionally, they involve macroscopic examin-
ation of the appearance of the intestinal mucosa via video 
endoscopy and histopathological examination of the re-
sulting tissue biopsy samples collected; these methods carry 
risk to the patient and are expensive and time-consuming.4–6 
Alternatives are therefore needed. The identification of cyto-
kines or genes involved in disease pathology that could be 
used as robust surrogate biomarkers of disease activity, es-
pecially circulating biomarkers that may correlate to activity 
at the tissue level, would be of benefit to the diagnostic and 
therapeutic approaches to CD.5–7
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The study of cytokines associated with the immunoregulatory 
pathways of CD has helped to develop new modalities for 
diagnosis, prognosis, and treatment.7 Changes in CD man-
agement emerged with the introduction of biologic therapies 
targeting pro-inflammatory cytokines that are believed to be 
pivotal in the pathophysiology of CD.8,9 These therapies have 
provided substantial benefit in outcomes for patients with 
CD, improving symptoms, quality of life and resolution of 
inflammation.10,11 Biologic therapy with tumor necrosis fac-
tor (TNF) blockers has been the gold standard treatment for 
moderate to severe CD for many years.9,11

Many studies have been conducted to identify specific bio-
markers that reflect the level of mucosal inflammation in pa-
tients with CD; blood C-reactive protein (CRP), a general, 
nonspecific marker of systemic inflammation, and fecal 
calprotectin (FC), which more specifically reflects neutro-
phil migration and activation in the intestinal mucosa, are 
commonly used as surrogate markers of disease activity in 
CD.4–6 The CALM study showed that better clinical and endo-
scopic outcomes could be achieved using CRP and FC in com-
bination with clinical symptoms to decide on the timing of 
treatment escalation.12 However, both CRP and FC show in-
consistent correlation with mucosal inflammation when com-
pared with endoscopic assessments of disease activity.6 These 
shortcomings mean that there is still a tangible need for novel 
biomarkers that reflect disease activity in CD, particularly in 
patients with subclinical disease, and for biomarkers that en-
able a noninvasive assessment of response to treatment.6,7

A large number of genes (~300) have been linked to the 
risk of CD, many of which can be associated with changes 
in immune pathways, so a broad panel of serologic and im-
munologic biomarkers other than FC and CRP could be 
used to investigate the disease activity by comparison with 
clinical disease metrics.7,13 Although increased production of 
cytokines and mediators at the site of inflammation likely fa-
cilitate pathological effects in CD,7,14 their systemic increases 
may provide a surrogate measure of intestinal inflammation.

In terms of treatment of CD, not all patients respond well 
to anti-TNF-α and a search for novel treatments with a dif-
ferent mode of action is ongoing.15 Janus kinases (JAKs) are 
tyrosine kinases located in the cytoplasm that transduce sig-
nals following the binding of cytokines to their cognate mem-
brane receptors.15 Janus kinases phosphorylate the signal 
transducers and activators of transcription (STATs), which 
then dimerize and translocate to the nucleus where they ac-
tivate gene transcription.16,17 Janus kinase-1 is essential for 
signaling for certain type 1 and type 2 cytokines, and type 1 
and 2 interferons (IFNs), many of which have been reported 
to be elevated in patients with CD.14,18,19 The JAK inhibitors 
represent a relatively new and promising class of drugs being 
investigated for the treatment of patients with CD and other 
chronic inflammatory disorders.16

Filgotinib is an oral selective JAK1 inhibitor.16,20 The ef-
ficacy of filgotinib to treat moderately to severely active 
CD was investigated in the phase 2, multicenter, random-
ized, double-blind, placebo-controlled FITZROY study 
(NCT02048618). It was found that significantly more 
filgotinib-treated patients with CD achieved clinical remis-
sion (Crohn’s Disease Activity Index [CDAI] <150) compared 
with placebo-treated patients (47% vs 23%, P = .0077).15 
Filgotinib is expected to reduce cytokine signaling via in-
hibition of the JAK1-STAT pathway in the inflamed mucosa 

and thereby dampen inflammation, leading to endoscopic im-
provement in CD.15

The objective of the present study was to identify circu-
lating biomarkers and transcriptional pathway activities in 
whole blood samples drawn from the FITZROY study that 
could be used as surrogate markers of disease activity assessed 
at the site of inflammation. In addition, the study would as-
sess the response to treatment with filgotinib and the effect of 
prior anti-TNF-α therapy.

Materials and Methods
Study Design and Patient Disposition
Evaluation of disease-related biomarkers and the effect of 
filgotinib was a planned analysis of the FITZROY study. Full 
details of the study design, patients, inclusion/exclusion cri-
teria, and the results from FITZROY have been described in 
detail elsewhere.15 Briefly, the study included 2 parts, each 
spanning a 10-week duration. In part 1 (induction), patients 
were randomized (3:1) to receive 200 mg of filgotinib once a 
day or placebo. In part 2, following the 10-week induction 
period, patients were rerandomized to receive either 200 mg 
of filgotinib once a day, 100 mg of filgotinib once a day, or 
placebo for an additional 10 weeks. Serum and whole blood 
samples collected from induction baseline through to week 10 
(part 1) of FITZROY were used in the current analysis.

Ethical Considerations
The study protocol was reviewed and approved by the rele-
vant independent ethics committees for each center and 
was in accordance with the Declaration of Helsinki,21 Good 
Clinical Practice guidelines,22 and all applicable regulatory re-
quirements. All patients provided written informed consent.

Biomarker Sampling
Serum samples were collected at baseline and at weeks 2, 4, 
and 10 following treatment initiation. Whole blood samples 
were collected into PAXgene tubes at baseline and week 10.

A stool sample was collected at every visit (except follow-up) 
to measure the levels of FC. The analysis of FC was made 
using an enzyme-linked immunosorbent assay (ELISA) per-
formed by the central laboratory (BARC, Belgium).

Serum Analyte Detection
Serum cytokines were measured by ELISA at several labora-
tories. Analytes for which more than 10% of samples had 
cytokine concentrations below the lower limits of quantita-
tion (LLOQ), which is the lowest amount of an analyte in a 
sample that can be quantitatively determined with suitable 
precision and accuracy, were excluded from statistical ana-
lyses but are listed in Supplementary Table 1. The following 
analytes were included in the biomarker analysis: interleukin 
(IL)-6, IL-8, IL-10, IL-17A, vascular endothelial growth factor 
A (VEGFA), interferon gamma (IFN-γ), serum amyloid A 
(SAA), glycoprotein (GP) 130 and serum calprotectin (CALP), 
which were all measured by Pacific Biomarkers; eotaxin, 
transforming growth factor beta 1 (TGFb1) and IL-22, meas-
ured by ABL (Lyon, France); degraded type 3 collagen (C3M), 
propeptide of type 3 collagen (PRO-C3) and degraded type 
4 collagen (C4M), measured by Nordic Bioscience (Herlev, 
Denmark); and oncostatin M (OSM), which was measured by 
Gilead Sciences, Foster City, CA.
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The central laboratory measured albumin levels using col-
orimetry/bromocresol green (BCG) dye binding, CRP using 
immunoturbidimetry, and hemoglobin using spectrophotom-
etry (Supplementary Table 1).

Whole Blood RNA-Seq Library Preparation and 
Gene Expression Quantitation
RNA was isolated from whole blood using a PAXgene 96 Blood 
RNA Kit (Qiagen, Germantown, MD, USA), and globin mRNA 
was removed with GlobinClear Human Kit (ThermoFisher, 
Waltham, MA, USA). RNA-seq libraries were prepared with 
TruSeq Stranded mRNA Library Prep Kit (Illumina, San Diego, 
CA, USA) and were sequenced on Illumina HiSeq 2500. Samples 
from 3 patients were removed due to quality control failure. Gene 
expression levels were quantitated from RNA-seq raw sequence 
files (FASTQ) using Salmon.23

Pathway Activation in Whole Blood
Hallmark pathway24 activity scores were calculated from whole 
blood RNA-seq using single sample Gene Set Enrichment 
Analysis (ssGSEA).25 Pathway gene sets were downloaded from 
MSigDB.26 For each pathway, activity scores were standardized 
by the mean and standard deviation of the activity scores of the 
baseline samples. For each Hallmark pathway, the proportion of 
genes in the pathway gene set that was expressed in whole blood 
RNA-seq was calculated; a gene was considered expressed if at 
least 10% of samples had counts per million (cpm) >1. Pathways 
for which less than 60% of the component genes were expressed 
were removed from the analysis.

Assessment Methods and Statistical Analyses
Baseline correlation analysis
Analytes and pathway activity scores were correlated with 
clinical disease activity metrics in order to identify periph-
eral markers associated with disease severity at baseline. The 
clinical metrics included SES-CD, a validated index of endo-
scopic disease activity that allows for objective assessment 
of response to therapy4; FC, which is a marker of neutrophil 
activation used clinically for the diagnosis and ongoing as-
sessment of IBD4; and the CDAI score, a composite score 
commonly used to assess CD activity.27 Two subcomponents 
of the CDAI, the Stool Frequency Subscore (SFS) and 
Abdominal Pain Subscore (APS), which are measures of CD 
symptoms, were also used.27

Comparisons included baseline correlation between serum 
biomarkers and the clinical metrics, baseline correlation be-
tween whole blood pathway activities and clinical metrics, 
and between gene expression. All correlations were calculated 
using Spearman’s Rank method, then displayed in heatmaps 
to illustrate the strength of the correlations. A cutoff of 0.3 
was applied for the absolute value of the correlation coeffi-
cient as a minimum strength of the correlation.

Treatment effect analysis
The effect of filgotinib and placebo treatment on circulating 
biomarkers was assessed by examining the change in con-
centration of serum analytes from baseline to week 2, week 
4, and week 10 for endoscopic responders (who were de-
fined as a reduction from baseline of SES-CD score ≥50%) 
and nonresponders. To assess the log-fold changes in protein 
biomarker concentrations from baseline during treatment, a 

mixed effects model (R packages emmeans and lme4) was 
used with terms for treatment, visit, and the interaction be-
tween the treatment and the visit, with baseline biomarker 
level modeled as fixed effects covariate and subject identifica-
tion as a random effect. Corrections for multiple testing were 
performed using the Benjamini-Hochberg method.28 A false-
discovery rate (FDR) or P value cutoff of 0.05 was used to 
define statistical significance.

The effect of filgotinib treatment on whole blood gene ex-
pression and pathway activities were also investigated, exam-
ining changes in gene expression levels or pathway activity 
scores between baseline and week 10. Differential gene ex-
pression analysis between week 10 and baseline was per-
formed using limma/voom R package.29,30 A design matrix for 
the linear model was constructed as an interaction between 
the visit and treatment. Differential pathway activity analysis 
between week 10 and baseline was performed using limma 
R package29 using the same design matrix used for differen-
tial gene expression. Corrections for multiple testing were 
performed using the Benjamini-Hochberg method.27 A false-
discovery rate (FDR) or P value cutoff of 0.05 was used to 
define statistical significance.

Early change in biomarkers for endoscopic 
response
Logistic regression was performed to identify biomarkers whose 
early change (week 2) from baseline may be prognostic or pre-
dictive of endoscopic response at week 10, using terms for treat-
ment, sex, age, baseline SES-CD score, and baseline biomarker 
level as covariates. For each biomarker, patients were divided 
based on whether the biomarker level increased or decreased. Due 
to the small sample size for the placebo arm, the logistic regres-
sion analysis for biomarkers predictive of filgotinib response was 
not sufficiently powered. A model with an interaction term be-
tween change in biomarker level and treatment was tested, but 
as expected, there were no significant biomarkers. Thus, a model 
without the interaction term was used. Additionally, logistic re-
gression was used to determine whether changes in levels of com-
binations of biomarkers impacted endoscopic response at week 
10, using terms for biomarker change (increase/decrease), treat-
ment, sex, age, and baseline SES-CD score.

Impact of prior anti-TNF-α therapy on treatment 
effects
An analysis was performed to understand if there were dif-
ferences between peripheral markers associated with disease 
activity at baseline, or those that reflect endoscopic improve-
ment with filgotinib treatment in patients with or without a 
prior history of anti-TNF-α treatment. Baseline correlation 
with SES-CD was calculated using the Spearman’s Rank 
correlation method. Statistical significance of change from 
baseline in biomarker levels was tested using a mixed effects 
model for treatment effect analysis with subgroups naïve or 
experienced to anti-TNF-α; this was corrected for multiple 
testing using the Benjamini-Hochberg method.

Results
Patient Disposition
In the induction phase (part 1) of the FITZROY trial, from 
which the current samples were obtained, patients were 
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enrolled and randomly assigned to receive 200 mg of filgotinib 
once a day (n = 130) or placebo (n = 44).15 Biomarker and 
whole blood RNA-seq data were generated from all patients 
who provided samples; biomarker sample collection was 
optional, and as a result, not all patients provided samples. 
Serum biomarkers were measured, and stool samples taken 
from 168 patients, whereas whole blood RNA-seq was gen-
erated from 104 patients, minus the 3 quality control failures 
(n = 101). The demographics, baseline characteristics, and 
clinical response of the serum biomarker and whole blood 
analysis sets were not statistically different from the full ran-
domized set (Supplementary Table 2).

Baseline Correlation Analyses
Baseline correlation between serum analytes and 
clinical metrics
For all analytes used in the analyses, less than 5% of samples 
were below the LLOQ. Among the 5 metrics, CDAI, SFS, and 
APS had a weak or no correlation (|rho| < 0.3) with all serum 
analytes, whereas SES-CD and FC showed moderate correl-
ation (0.3< |rho| <0.5) with several serum analytes at baseline 
(Figure 1 and Supplementary Figure 1A).

The following are the serum analytes that were moder-
ately positively correlated with SES-CD: the acute phase 
proteins CRP (rho = 0.35) and SAA (rho = 0.40); the pro-
inflammatory cytokines IL-6 (rho = 0.31), OSM (rho = 0.35), 

and IL-22 (rho = 0.36); and an angiogenesis marker, 
VEGF-A (rho = 0.32). Albumin (rho = -0.41) was moder-
ately negatively correlated with SES-CD. Serum analytes 
positively correlated with FC included CRP (rho = 0.47), 
SAA (rho = 0.39), IL-6 (rho = 0.30), OSM (rho = 0.33), IL-
22 (rho = 0.35), and the matrix metalloproteinase (MMP)-
mediated type 3 and type 4 collagen degradation markers 
C3M (rho = 0.38) and C4M (rho = 0.37). Inflammatory 
cytokines such as IFN-γ, IL-17A, and IL-10 were not correl-
ated with clinical metrics at baseline.

Baseline correlation between clinical metrics and 
whole blood gene expression or pathway activities
The Simplified Endoscopy Score for CD was positively cor-
related (rho ≥ 0.3) with whole blood mRNA expression of 
212 genes, which included immune-related genes such as sup-
pressor of cytokine signaling 3 (SOCS3; rho = 0.56) and OSM 
(rho = 0.50). The SES-CD was negatively correlated (rho ≤ −0.3) 
with expression of 1283 genes; these included many genes re-
lated to RNA transcription and proliferation. Similarly, there 
were 111, 59, and 10 genes with expression positively correl-
ated with FC, SFS, and CDAI, respectively; there were 249, 160, 
12, and 9 genes whose expressions were negatively correlated 
with FC, SFS, CDAI, and APS, respectively.

Gene expression mapping into the canonical Hallmark 
pathways showed that among the 5 metrics, SES-CD and FC 

Figure 1 Correlation between serum biomarker levels and clinical measurements at baseline. Red indicates a positive correlation and blue indicates 
negative correlation.
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showed moderate correlation with several pathway activity 
scores but not CDAI and APS (Figure 2 and Supplementary 
Figure 1B). Pathways that were moderately positively cor-
related with SES-CD included the immune-related pathways 
“IL6/JAK/STAT3 signaling” (rho = 0.41), “inflammatory re-
sponse” (rho = 0.38), “reactive oxygen species” (rho = 0.34), 
and “hypoxia” (rho = 0.33). The “wingless-related integra-
tion site (WNT) beta catenin signaling” pathway was mod-
erately negatively correlated with SES-CD (rho = -0.35). 
Pathways that were moderately correlated with FC included 
“inflammatory response” (rho = 0.32) and “reactive oxygen 
species” (rho = 0.30). Pathways with activity scores that posi-
tively correlated to SES-CD and FC were also moderately cor-
related with several serum biomarkers including acute phase 
proteins and systemic inflammation markers (Supplementary 
Figure 2).

Treatment Effect Analyses
Filgotinib treatment effect on serum analytes
Consistent with the endoscopic response criterion (SEC-CD 
decrease at least by 50%), in the filgotinib-treated group, 
SES-CD at week 10 was significantly lower in the responder 
group than the nonresponder group (median [Q1, Q3]: 5 [3, 
7.5] vs 12 [8, 18], respectively; P = 5.20e-12). Although not 
statistically significant, the decrease in FC from baseline to 
week 10 among patients using filgotinib was also numerically 
greater in patients with endoscopic response (−176 [−561, 
59]) compared with the nonresponders (−75 [−202, 69]).

For the endoscopic responders, a statistically significant re-
duction of many serum analytes across visits was observed 
in the filgotinib treatment arm (Figure 3 and Supplementary 
Figure 1C). In the placebo treatment arm, for the endoscopic 

Figure 2. Correlation between Hallmark pathway activity scores derived from mRNA expression and clinical metrics at baseline. Heatmap shows 
pathways in Immune, Metabolic, Signaling, and Pathway categories only. Red indicates positive correlation and blue indicates negative correlation. 
Abbreviations: CALP, calprotectin; CDAI, Crohn’s disease activity index; SES-CD, Simple Endoscopic Score for Crohn’s Disease.
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responders there were no analytes with statistically signifi-
cant changes, though this may have been due to a combin-
ation of the small sample size (n = 34) and small effect size 
in the placebo arm. However despite these limitations, the 
trend in direction of change for the placebo arm did seem to 
be similar to the filgotinib arm. There were very few analytes 
with statistically significant changes among the filgotinib 
nonresponders, and none were significant among the placebo 
nonresponders.

All serum analytes with a positive correlation (rho > 0.3) 
to SES-CD at baseline were reduced by filgotinib treatment, 
but there were notable differences in the kinetics of changes 
among analytes, as well as between endoscopic responders and 
nonresponders. Filgotinib treatment was associated with an 
early (week 2) reduction of acute phase proteins (CRP, SAA) 
and pro-inflammatory cytokines (IL-6, OSM) of greater mag-
nitude in endoscopic responders than in nonresponders (Figure 
3). The early reduction in CRP, SAA, VEGFA, IL-6, and OSM 
was sustained at week 4 and week 10. In contrast, IL-10, which 
was significantly reduced at week 2 in endoscopic responders, 
returned to near baseline levels at week 4 and week 10. 
Degraded type 3 collagen, C4M, and IL-22, which were posi-
tively correlated with the intestinal inflammation marker (FC) 
at baseline, showed a delayed (week 4) reduction by filgotinib 
treatment. Interferon-γ and IL-17, which both showed a weak 
correlation with SES-CD or FC at baseline, were reduced by 
filgotinib treatment in a progressive decline from baseline levels 
over time (week 10). This treatment effect was observed only in 
endoscopic responders.

Filgotinib treatment effect on whole blood 
pathways
Changes in pathway activity scores between baseline and 
week 10 are shown in Figure 4. Among the pathways that 
were correlated with baseline SES-CD (Figure 2), systemic in-
flammation pathways (“IL6/JAK/STAT3 signaling,” “inflam-
matory response”) were significantly reduced with filgotinib 
treatment in endoscopic responders only, a pattern similar 

to pro-inflammatory cytokines IL-6 and OSM. Although not 
correlated with endoscopic disease severity at baseline, the 
IFN pathways (“IFN-α response” and “IFN-γ response”) 
showed significant decrease in activity with filgotinib treat-
ment, consistent with reduction of IFN-γ in serum. Other 
pathways such as “IL2/STAT5 signaling,” “mTORC1 
signaling,” “bile acid metabolism,” and “apoptosis” were 
also significantly reduced with filgotinib treatment to a 
greater degree in endoscopic responders vs nonresponders. 
There were no statistically significant changes from base-
line in the placebo treatment arm in either the responder or 
nonresponder groups.

Early Change in Biomarkers for Endoscopic 
Response
Decrease at week 2 in IL-6 (odds ratio [OR], 0.17; P = .0012) 
or IL-10 (OR, 0.16; P = .00034) level was prognostic of endo-
scopic response (Figure 5A and B). For patients with a decrease in 
IL-10, response rates at week 10 were 40.7% for those receiving 
filgotinib and 22.7% for those receiving placebo. In contrast, 
endoscopic response rates in patients who experienced an in-
crease in IL-10 level were 12.5% and 0%, respectively. Similarly, 
response rates in patients with early decrease in IL-6 level were 
37.9% and 20% for filgotinib and placebo arms, respectively; 
in patients with increased IL-6 levels, the rates were 9.3% and 
9.5%, respectively. Despite these differences, the change at week 
2 in IL-10 or IL-6 were not predictive of filgotinib response 
using the full interaction model. Biomarkers that were found 
to be marginally significantly prognostic were SAA (OR, 0.27; 
P = .019), C4M (OR, 0.42; P = .048), IFN-γ (OR, 0.42; P = 
.044), and Eotaxin (OR, 0.31; P = .019). The concordance of the 
change (increase/decrease) in IL-6 and IL-10 levels was assessed 
and found to be poor, with Cohen kappa statistic of 0.25 (per-
cent concordance 63%). The combined early decreases in IL-6 
and IL-10 were prognostic of endoscopic response (OR, 0.15;  
P = .000094), compared with IL-10 (OR, 0.16) or IL-6 (0.17) 
individually (Figure 5C).

Figure 3. Correlation of serum analytes with SES-CD across the study period in both the filgotinib and PBO arms (mixed effects model). Log2 (fold 
change from BL) was determined by comparing levels at the post-treatment visit to BL and displayed as a heatmap for endoscopic responders and 
nonresponders in FIL and PBO treatment arms. Red indicates increase from BL and blue decrease from BL. Statistical significance of fold change from 
BL was determined using mixed effects model, and corrected for multiple testing using Benjamini-Hochberg method. Abbreviations: BL, baseline; Corr, 
correlation; FC, fold-change; FDR, false-discovery rate; FIL, filgotinib; PBO, placebo; SES-CD, Simple Endoscopic Score for Crohn’s Disease; W, week.
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Impact of Prior Anti-TNF-α Therapy on Treatment 
Effects
Anti-TNF-α experienced vs anti-TNF-α naïve at 
baseline
With the exception of disease duration, there was no differ-
ence in baseline patient characteristics between patients ex-
perienced or naïve to anti-TNF-α (Supplementary Table 3). 
There were also no significant differences in baseline levels of 
serum analytes between the group experienced to anti-TNF-α 
and the group naïve to anti-TNF-α (Supplementary Figure 3). 
Spearman’s Rank correlation coefficients with SES-CD were 
similar between the 2 subgroups at baseline for most serum 
analytes (Figure 6A).

Treatment differences on serum analytes in anti-
TNF-α treatment subgroups
Among the biomarkers tested, there were notable differences 
in the kinetics with which changes in level of individual 

circulating biomarkers occurred (Figure 6B and Supplementary 
Figure 1D). Among patients that experienced endoscopic re-
sponse on filgotinib treatment, many of the circulating bio-
markers were reduced beginning at week 2 for the group naïve 
to anti-TNF-α , whereas there was gradual or delayed reduc-
tions for the group experienced to anti-TNF-α. Specifically, 
statistically significant reductions in CRP, SAA, serum CALP, 
VEGF-A, IL-6, and OSM at week 2 were observed in the naïve 
group, but a significant reduction in CRP was observed at week 
2 in the experienced group. Among filgotinib responders that 
were experienced to anti-TNF-α, significant reductions at week 
10 from baseline were observed for CRP, VEGF-A, IL-6, OSM, 
C3M, C4M, IL-17A, and IFN-γ. With the exception of C3M at 
week 4 in patients experienced to anti-TNF-α, no statistically 
significant reductions in biomarker levels were observed in the 
filgotinib nonresponder group. In the placebo responder group, 
there were significant reductions in CRP, SAA, and IL-6 levels in 
patients experienced to anti-TNF-α. There were no significant 
changes in biomarker levels in the placebo nonresponder group.

Figure 4. Correlation of change from baseline to week 10 in Hallmark pathway scores with SES-CD for both the filgotinib and PBO arms. The pathway 
score is standardized using the mean and standard deviation of ssGSEA scores of baseline samples. Normalized score of 1 indicates a standard 
deviation of baseline distribution increase from baseline, and similarly, −1 indicates a standard deviation decrease. Each dot is colored by the 
Spearman’s Rank correlation coefficient with SES-CD at baseline; black encircled dots denote statistically significant (FDR < .05) pathway change from 
baseline. Abbreviations: BL, baseline; Corr, correlation; FIL, filgotinib; PBO, placebo; SES-CD, Simple Endoscopic Score for Crohn’s Disease; ssGSEA, 
single sample Gene Set Enrichment Analysis; W, week.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab253#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab253#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab253#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab253#supplementary-data
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Effect of filgotinib treatment on whole blood 
pathways in anti-TNF-α treatment subgroups
Filgotinib treatment resulted in a reduction in activity of 
most immune pathways in both anti-TNF-α experienced 
responders and anti-TNF-α naïve responders at week 10 
(Supplementary Figure 4). This included significant decreases 
in “IL6/JAK/STAT3,” “IFN-α response,” and “IFN-γ re-
sponse” pathways for the responders who had experienced 
anti-TNF-α in the past and in the “IL6/JAK/STAT3” and “in-
flammatory response” pathways in the responders who were 
naïve to anti-TNF-α.

Discussion
Although advances in our understanding of the molecular 
mechanisms and inflammatory pathways underlying CD 
have been made in recent years, there remains a need for 

identification of biomarkers that accurately reflect disease ac-
tivity.7 The ideal biomarker is less invasive than endoscopy, 
has high sensitivity and specificity, is readily available, and 
is cost-effective.5,7 However, it should be kept in mind that 
circulating biomarkers do not provide direct measurements 
from the site of the disease, in this case the intestinal mucosa. 
Therefore, they should be correlated to measures that relate 
directly to the tissue-level disease activity.

The present study found that of the 31 serum analytes 
examined, correlations were found only with 2 of the 5 clin-
ical metrics, SES-CD and FC, at a moderate level. This is of 
note, as SES-CD and FC are clinically objective markers of 
CD; SES-CD is an endoscopic assessment of response to ther-
apy, whereas FC is a marker of inflammation of the intes-
tinal mucosa.4,5 The other clinical metrics used—CDAI and its 
subcomponents SFS and APS—are subjective measures of CD 
activity and had little or no correlation with serum analytes 
(Figure 1).

Figure 5. Early change in biomarkers for endoscopic response. Logistic regression of early change (W2) in serum biomarkers levels on endoscopic 
response at W10. A, Dot is the average log (odds ratio) and the lines are 95% confidence intervals. Red indicates P < .05. B, Endoscopic response rate 
for biomarker increase or decrease subgroups for FIL or PBO. C, Endoscopic response rates for a subgroup with decreases in both IL-6 and IL-10 or 
increase in IL-6 or IL-10 when treated with FIL or PBO. Abbreviations: FIL, filgotinib; PBO, placebo; W, week.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab253#supplementary-data
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The analytes most highly correlated to both SES-CD and FC 
included the acute phase proteins CRP and SAA. C-reactive 
protein is a nonspecific marker of systemic inflammation, and 
SAA is a marker of general inflammation or infection that has 
been found to be positively associated with active endoscopic 
and histologic inflammation in CD.5,31 The positive associ-
ation between CRP and FC corroborates the findings of other 
studies.32 Additionally, the cytokines IL-6, IL-22, and OSM 
were correlated at a similar level. Oncostatin M is thought to 
be the most transcriptionally upregulated cytokine in the in-
flamed intestinal mucosa of patients with CD; IL-6 signaling 
is potentially involved in the development of CD, whereas 
IL-22 is important for epithelial homeostasis in the intes-
tines.33–35 The moderate level of correlation between these in-
dividual circulating biomarkers and endoscopic disease activ-
ity suggests that they are not likely to bring added diagnostic 
utility when used in isolation, but rather, could bring value as 
part of composite biomarker panel operating in a pattern or 
signature.5 Further studies will be required to establish such a 
panel with robust performance characteristics.

Our data also show that the type 3 and 4 collagen degrad-
ation markers, C3M and C4M, had a moderate correlation 
with FC and a weak correlation with SES-CD (Figure 1). 
Chronic inflammation, as associated with CD, leads to exces-
sive extracellular matrix (ECM) remodeling, releasing protein 
fragments into the circulation where they have potential to 
be used as biomarkers.36 In a study by Mortensen et al, it was 
demonstrated that ECM remodeling was different between 
ulcerative colitis (UC) and CD and that the best combination 
of markers to use to make a differentiation between the 2 was 
VICM, C3M, and C4M, all of which gave high diagnostic 
accuracy.36

It is thought that the innate immune response plays an 
important role in the development of CD, with secreted 

cytokines triggering and differentiating many T cells.14 
Crohn’s disease may also involve an imbalance of regu-
latory T, T helper (Th)-1, and Th17 cells in the intestinal 
mucosa.14, 32 A positive correlation between multiple Th1- 
and Th17-associated cytokines and FC levels has been ob-
served.32 However, in this study, apart from IL-6, none of 
the analytes that are known to be involved in this imbal-
ance, for example IFN-γ, were correlated with SES-CD or 
FC at baseline.14

As no single biomarker has demonstrated the necessary 
sensitivity and specificity to act alone to evaluate CD, the 
use of whole blood mRNA gene expression and pathway 
activities might prove to be of benefit. Gene expression pro-
files have been used to differentiate between active and in-
active CD and between CD and UC.5 We found that gene 
expression mapping into Hallmark pathways showed mod-
erate correlation between the SES-CD and FC objective 
clinical metrics, but weak or no correlation with the sub-
jective CDAI metrics. The “WNT beta catenin signaling,” 
which is a key regulatory pathway in the intestinal mucosa 
maintaining epithelial homeostasis, had a negative moder-
ate correlation with SES-CD.37 As might be expected, the 
pathways that had a positive moderate correlation with FC 
were “inflammatory response” and “reactive oxygen spe-
cies.”

In the FITZROY study, filgotinib induced clinical remission 
in more (47%) patients with CD than in those given placebo 
(23%), providing some evidence that inhibition of the JAK1-
STAT pathway can lead to endoscopic improvement in CD.15 
With these results in mind, the present study determined that 
there was a statistically significant reduction of a large num-
ber of serum analytes in those patients who endoscopically 
responded to filgotinib over the study period, which would 
appear to reflect the treatment effect. In addition, filgotinib 

Figure 6. Treatment differences on serum biomarkers between the group experienced to anti-TNF-α vs the group naïve to anti-TNF-α (mixed effects 
model). A, Correlation of anti-TNF-α experienced and naïve patients with SES-CD from BL over the study period. B, Log2 (fold change from BL) was 
determined by comparing levels at the post-treatment visit to BL and displayed as a heatmap for endoscopic responders and nonresponders in FIL 
and PBO treatment arms for the patients’ subgroups. Statistical significance of fold change from BL was determined using mixed effects model and 
corrected for multiple testing using Benjamini-Hochberg method. Abbreviations: BL, baseline; Corr, correlation; FC, fold-change; FDR, false-discovery 
rate; FIL, filgotinib; PBO, placebo; SES-CD, Simple Endoscopic Score for Crohn’s Disease; TNF-α, tumor necrosis factor-alpha; W, week.
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treatment reduced all serum analytes that had at least a mod-
erate positive correlation with SES-CD at baseline, which 
would be in alignment with the previous finding. The effect 
of filgotinib on whole blood pathway activity scores in re-
sponders was noted in the systemic inflammation pathways 
(such as “IL6/JAK/STAT3”), as might be expected. Although 
SES-CD and FC were most correlated with changes in blood 
biomarkers and transcriptional pathways in our analysis, it 
should be noted that the phase 2 clinical trial did not dem-
onstrate statistically significant differences in improvement in 
SES-CD or FC between filgotinib and placebo, possibly due to 
low sample size of the placebo group. Overall, the reduction 
was far more marked in the filgotinib responders than the 
nonresponders (Table 1 and Supplementary Figure 5). This is 
in keeping with the fact that by week 10, the SES-CD meas-
urement, which was significantly reduced in responders by 
week 10, should reflect the treatment effect of filgotinib and 
is consistent with the clinical findings.

Although we observed a reduction in circulating levels 
of IL-6, OSM, and IL-10, which signal through JAK1, the 
changes in these cytokine levels in patients treated with 
filgotinib likely reflect indirect effects. The sustained reduc-
tion in pro-inflammatory cytokines IL-6 and OSM and the 
transient reduction in anti-inflammatory IL-10 may indicate 
an overall restoration toward homeostasis in the gut. Because 
these markers correlate with endoscopic findings at baseline, 
their reduction upon treatment with filgotinib is suggestive of 
their potential utility as biomarkers of CD activity. Because 
they showed an early differential reduction between patients 
with CD, with and without clinical benefit after filgotinib, 
they could potentially be early predictors of this response. 
Logistic regression revealed that both IL-6 and IL-10 were 
prognostic for endoscopic response, although neither was 
predictive.

Given that the gold-standard treatment therapy for CD 
is biologic therapy with TNF blockers, it was of interest to 
note the association between prior anti-TNF-α treatment 
on biomarker changes in this study. At baseline, there was 
no difference between the levels of serum analytes between 
the experienced and naïve groups, including SES-CD correl-

ation. However, there were notable differences in the kinetics 
of changes in levels of the measured analytes within the 10-
week treatment period, with many of the circulating biomark-
ers found to be reduced earlier in patients that experienced 
endoscopic response on filgotinib treatment without previous 
anti-TNF-α use.

The present study has identified a number of correlates as 
noninvasive biomarkers of disease activity, which would need 
to be verified in a larger study. It must be acknowledged that 
none of these biomarkers is highly correlated on its own and 
would likely be best used as part of a composite measure. For 
example, combination of serum IL-6, OSM, or IL-22 levels 
with FC measurement might augment the level of correlation 
with disease activity.

The study has several limitations. Due to the very nature of 
surrogate biomarkers (ie, their location in the peripheral cir-
culation), there were no measurements of cytokines or genes/
pathways conducted in the actual tissue of disease, the in-
testinal mucosa. If analytes with potential as CD biomarkers 
could also be tested at the site of disease, then the findings 
could be compared with those from the peripheral circulation 
for verification and clinically meaningful surrogate biomark-
ers established. A further limitation was that no endoscopic 
data were taken at weeks 2 and 4, so we lacked direct com-
parison at these time points; SES-CD scores were available 
only at baseline and week 10. It must also be noted that an 
endoscopic response is binary in nature, and so improvement 
in one patient might still reflect a worse level of disease in 
another. Finally, the statistical analyses of biomarker changes 
in filgotinib vs placebo responders was constrained by the 
limited number of placebo endoscopic responders, whereas 
the patient distribution between the filgotinib and placebo 
groups was also uneven (biomarker analysis set: filgotinib 
n = 126; placebo n = 42).

Conclusions
The present study identified several circulating factors (CRP, 
SAA, OSM, IL-22, IL-6, C3M, and C4M) that have potential 
use as biomarkers to assess CD activity. Further, the levels 

Table 1. Summary of peripheral biomarkers that are associated with disease severity at baseline or endoscopic improvement with filgotinib treatment.

Functional 
Category 

Peripheral Biomarkers Reflect Endoscopic Disease 
Severity at Baseline 

Filgotinib treatment

Kinetics Responder vs 
Nonresponder 

Systemic inflam-
mation

CRP, SAA Moderate Early and sustained 
decrease

Greater in 
respondersa

OSM, IL-6 Moderate Early and sustained 
decrease

Only in re-
sponders

IL6_JAK_STAT3_SIGNALLING 
INFLAMMATORY_RESPONSE

Moderate Decrease at week 10 
(no info on early time)

Only in re-
sponders

ECM turnover epi-
thelial homeostasis

C3M, C4M, IL-22 Moderate Delayed decrease 
(week 4)

Greater in 
respondersa

Pro-inflammatory 
(Th1/17)

IFNg, IL-17A No Delayed decrease 
(week 10)

Only in re-
sponders

INTERFERON_GAMMA_RE-
SPONSE

No Decrease at week 10 Only in re-
sponders

Anti-inflammatory  
(Treg)

IL-10, TGFb1 No Early decrease, return  
to BL

Only in re-
sponders

aDenotes that both responders and nonresponders had a statistically significant change, but the magnitude of the change was larger for the responders.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izab253#supplementary-data
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of many of these candidate biomarkers were significantly re-
duced upon treatment with filgotinib, particularly in patients 
with CD that achieved clinical benefit from this treatment. 
The utility of these biomarkers will need additional explor-
ation in larger clinical studies to define how they might best 
be used as surrogate markers of disease activity or response 
to treatment.

Supplementary data
Supplementary data is available at Inflammatory Bowel 
Diseases online.
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