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48ABSTRACT
BACKGROUND AND AIMS ----- Anti-tumor 

necrosis factor (TNF) therapy is effective in 
inducing remission in Crohn’s Disease (CD) 
in 60% of patients. However, no serological 
biomarkers are available which can predict early 
response to anti-TNF. We aimed to investigate 
serological markers of collagen turnover 
reflecting tissue inflammation as predictors of 
response to anti-TNF therapy.

CONCLUSIONS ----- Baseline levels of C4M can 
identify responders to anti-TNF therapy within 
the first 14 weeks of treatment. These markers 
could be used as biomarkers for response to anti-
TNF and could aid in early therapy decision-
making. Validation in larger well-defined 
cohorts is needed.  

RESULTS ----- Seventeen (81%) patients treated with 
IFX were in remission at week 14 and 15 (71%) 
patients treated with ADA were in remission at 
week 8. Serum C4M at baseline was increased in 
non-responders compared to responders (IFX: 
35.0±2.4 vs. 23.2±2.6, P=0.04, ADA: 53.0±3.2 
vs. 34.1±2.8, P=0.006). C4M levels at baseline 
predicted response in both cohorts (IFX: OR 39 
(95% CI 2.4-523.9) P=0.02, cut-off 35.2 nmol/l; 
ADA: OR 26 (95% CI 1.8-332.5), P=0.01, cut-
off 46.9 nmol/l). CRP was not able to predict 
response to anti-TNF.

METHODS ----- In two retrospective observational 
cohorts, markers for matrix metalloproteinase 
degraded type III and IV collagens (C3M, C4M) 
and for formation of type III and IV collagens 
(PRO-C3, PRO-C4) were measured in serum 
and compared with standard C-reactive protein 
(CRP) in patients with active CD who started 
infliximab (IFX, n=21) or adalimumab (ADA, 
n=21). Disease activity was classified by Harvey 
Bradshaw index (active disease≥5), and response 
was defined as clinical remission. 
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Anti-tumor necrosis factor (anti-TNF) agents such as infliximab (IFX) and 
adalimumab (ADA) are effective in inducing and maintaining clinical and 
endoscopic remission in luminal and fistulizing Crohn’s Disease (CD).1–3 
Up to 30% of patients with CD who start anti-TNF have no or insufficient 
response after 14 weeks of treatment, and there are no available 
biomarkers which can predict primary non-response.4 As new medical 
therapeutic options such as anti-integrin α4β7 (vedolizumab) or anti-
interleukin (IL)-12 and IL-23 (ustekinumab) have become available for 
patients with CD, the need for biomarkers that predict treatment response 
increases.5 Also, increasing evidence suggests that early ileocecal resection 
in non-stricturing CD could be considered a reasonable alternative to 
infliximab therapy.6 Biomarkers that predict the response to anti-TNF may 
help in the decision to switch class of therapy or to recommend surgery.6

C-reactive protein (CRP), a valuable biomarker of disease activity 
in CD, can discriminate between responders and non-responders to 
anti-TNF, but conflicting results are reported.7–10 CRP which is almost 
exclusively excreted by hepatocytes as part of the acute phase response 
upon stimulation by IL-1 and IL-6, and by TNF originating from the site 
of inflammation, is a relatively indirect inflammatory marker as it is not 
produced in the organ in which the inflammation takes place.7,11 Instead, 
biomarkers that are produced at the site of inflammation may be superior 
in predicting response to anti-TNF. 

A disturbed balance in the remodeling of extracellular 
matrix (ECM) contributes to the pathophysiology of CD.12 Matrix 
metalloproteinases (MMPs) are collagenases which are upregulated upon 
inflammation in active CD.13 These enzymes are produced at the site of 
inflammation by inflammatory cells such as macrophages and T cells.12 As 
shown previously, levels of MMP-9 degraded collagen type III (C3M) are 
elevated in patients with CD with active inflammation (defined as CPR≥5) 
compared CD without active inflammation (defined as CRP<5) and to 
healthy controls.13,14 Type IV collagen is the most abundant collagen of the 
basement membrane. Epithelial damage upon inflammation leads to an 
increase in permeability of the intestinal basement membrane, which is 
largely restored upon infliximab therapy.15,16 Markers of MMP-mediated 
degradation of collagen type III (C3M)17 and IV (C4M)18 might be superior 
in predicting response to anti-TNF compared to CRP. 

Several studies reported increased mucosal and submucosal 
fibrosis in ileocecal resection specimens from patients with CD who 
required surgery following IFX treatment failure, when compared 
to patients who were IFX naïve and underwent primary ileocecal 
resection.19,20 Increased mRNA expression of pro-collagen peptidases 
has been associated with primary infliximab non-response.20 Therefore, 

Introduction ---- 



50formation products of type III (PRO-C3)21 and type IV (PRO-C4)22 
collagen might also be suitable biomarkers for early detection of patients 
who do not respond to anti-TNF. 

In this pilot study, we aimed to provide a proof of concept by 
showing that biomarkers of ECM turnover can predict response to anti-
TNF within the first eight to fourteen weeks of anti-TNF treatment.
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STUDY DESIGN AND POPULATION 
IFX (GRONINGEN) AND ADA (AARHUS) COHORT

This retrospective observational pilot study was designed to compare 
serum levels of collagen formation and degradation markers between 
responders versus non-responders to anti-TNF in two independent 
cohorts of patients with CD, starting IFX (Groningen) and ADA 
(Aarhus) remission induction therapy. Sera from patients with biopsy-
confirmed CD who started IFX induction therapy between November 
2009 and March 2016 (Remicade®, Janssen Biologics B.V., Leiden, 
Holland; intra-venous infusions of 5 mg/kg body weight) were collected 
from the database of the IBD center of the University Medical Center 
Groningen, Netherlands (UMCG, single center, Table 1). Blood samples 
were collected before patients received the infusion at baseline and 
two, six and fourteen weeks after treatment was initiated. After 
retrieval, samples were centrifuged for 10 minutes (2000 G at room 
temperature), pipetted in 0.5ml cryovials and stored at -80°C until 
further analysis. Harvey Bradshaw Index (HBI) scores were collected 
from baseline and at week 14. Sera from patients with biopsy-confirmed 
CD who received ADA induction therapy between January 2009 and 
October 2012 (Humira®, Abbott, Chicago, IL, USA; subcutaneous 
injections of 160 mg at baseline, 80 mg at week 2, and then 40 mg 
every week or every other week) were collected at the department 
of Hepatology and Gastroenterology at Aarhus University Hospital, 
Denmark (AUH, single center, Table 1).23 Blood samples were collected 
before patients received the infusion at baseline and one and eight 
weeks after treatment was initiated. After retrieval, samples were 
centrifuged for 10 minutes (300 G at 20°C), pipetted in 1.5 ml cryovials 
and stored at -80°C until further analysis. HBI scores were documented 
at baseline and at week 8.

Inclusion criteria were: Patients with active disease (HBI ≥5) 
at baseline receiving either IFX or ADA for at least 14 weeks were 
included.24 Exclusion criteria were: 1. No HBI available. 2. Resection 
due to intra-abdominal stenosis or fistulae. 3. Autoimmune and fibrotic 
diseases not associated with CD and malignancy (except for all types 
of skin cancer and hematologic disease). 4. Any kind of (also non-CD 
related) surgery or balloon dilatation within 6 months before a serum 
sample was taken or during the induction phase. 5. Solely peri-anal 
disease indication for starting IFX (figure 1). Disease activity was based 
on HBI (Active disease: HBI ≥5). Clinical response was defined as 
clinical remission based on an HBI <5 at week 8 (ADA cohort), or at 
week 14 (IFX cohort).

Materials and Methods ----- 
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BIOMARKER ASSAYS

Neo-epitope fragments of extracellular matrix synthesis and degradation 
were assessed by solid phase competitive enzyme-linked immunosorbent 
assays (ELISAs). The markers included in this study are markers for MMP 
degraded collagens type III and IV (C3M, C4M) and formation of type III 
and IV collagens (PRO-C3, PRO-C4).

96-well plates pre-coated with streptavidin (Roche Diagnostic cat. No. 
11940279, Hvidovre, Denmark) were coated with a biotinylated antigen against 
the biomarker for 30 minutes at room temperature. All samples were diluted 
in incubation buffer containing 1% bovine serum albumin (Sigma Aldrich, cat. 
No. a-7906, ≥98 purity). Samples and controls were incubated in the antigen 
and streptavidin pre-coated plates with horseradish peroxidase-conjugated 
monoclonal antibodies for 1-3 hours at 4°C/20°C or for 20 hours at 4°C with 
agitation at 300rpm, according to manufacturer’s protocols. Subsequently, Te-
tramethylbenzidine (TMB, Kem-En-Tec cat. No. 438OH, Taastrup, Denmark) 
was added (100µl/well), plates were incubated for 15 minutes at room tem-
perature, and agitated at 300 rpm. Stopping Buffer (1% H2SO4) was added to 

Table 1 ---- Demographics separated by cohort IFX: 
infliximab, ADA: adalimumab. aFishers exact test, 
bindependent sample t-test, cchi-square test.

17 (81.0%)

37.7 (22.6 -66.1)

6.5 (0.3-28.4)

0 (0%)

18 (85.7%)

3 (14.3%)

3 (14.3%) + 2 (9.5%)

3 (14.3%) +1 (4.8%)

11 (52.4%) + 1 (4.8%)

18 (85.7%)

3 (14.3%)

0 (0%)

6 (28.6%)

16 (76.2%)

1 (4.8%)

7 (33.3%)

17 (81.0%)

10 (47.6%)

38.5 (20.1 -67.9)

5.5 (0.1-12.2)

0 (0%)

15 (71.4%)

6 (28.6%)

2 (9.5%) 

8 (38.1%)

7 (33.3%) + 4 (19.0%)

19 (90.5%)

2 (9.5%)

0 (0%)

4 (19.0%)

10 (47.6%)

0 (0%)

0 (0%)

12 (57.1%)

0.05a

0.87b

0.54b

0.45c

 

0.26c

 

>0.99c

0.73a

0.11

>0.99c

0.01a

0.18a

IFX (N=21) ADA (N=21) P value

GENERAL

Gender (n(%) female)

Age at start anti-TNF (years, mean 
(minimum-maximum))

Disease duration start anti-TNF 
(years, mean (minimum-maximum))

AGE AT DIAGNOSIS (N(%))

A1 (<16)

A2 (17-40)

A3 (>40)

DISEASE LOCATION START ANTI-TNF (N(%))

L1 Ileum (+L4)

L2 Colon (+L4)

L3 Ileocolon (+L4)

DISEASE BEHAVIOR START ANTI-TNF (N(%))

• Non-stricturing/non-penetrating

• Stricturing

• Penetrating

Peri-anal disease

Anti-TNF-naïve

MEDICATION WHEN STARTING ANTI-TNF (N(%))

Mesalazine

Steroids

Immunosuppressives



53Figure 1 ---- Inclusion flow-chart of patients in the 
infliximab (IFX) and adalimumab (ADA) cohort.

IFX cohort

ADA cohort

63 patients treated in UMCG with IFX because of CD between 
May 2007 and December 2015 with ≥3 samples available from 
the induction phase who recieved IFX for at least 14 weeks

23 patients treated in ADA at AUH because of CD between Ja-
nuary 2009 and October 2012 with ≥3 samples available from 
the induction phase who recieved ADA for at least 14 weeks

• 23 without HBI available
• 8 with resection due to stenosis or fistula
• 1 started IFX in remission
• 2 with medical history of non-CD related fibrosis/malignancy
• 4 surgery/balloon dilatation during the induction phase or 

<6 months before
• 4 solely perianal disease indication

• 0 without HBI available
• 2 with resection due to stenosis or fistula
• 0 started IFX in remission
• 0 with medical history of non-CD related fibrosis/malignancy
• 0 Surgery/balloon dilatation during the induction phase or 

<6 months before
• 0 Solely perianal disease indication
• 0 started IFX in remission

21 IFX patients included

21 ADA patients included

17 Resp.

15 Resp.

4 Non-resp.

6 Non-resp.



54stop the TMB reaction. After each incubation step, wells were washed with 
washing buffer (25mM TRIZMA, 50mM NaCl, 0.036% Bronidox L5, 0.1% 
Tween 20) using a standardized ELISA plate washing machine (BioTek® 
Instruments, Microplate washer, ELx405 Select CW, Winooski, USA). An 
ELISA reader (VersaMAX; Molecular Devices, Wokingham Berkshire, UK) 
was used to read optical densities at 450nm and 650nm. A standard curve 
was plotted using a 4-parametric mathematical fit model.

STATISTICAL ANALYSIS

All data was considered non-parametric. Categorical data from the IFX vs. 
the ADA cohort and from responders vs. non-responders were compared 
using a Pearson Chi-square test or Fisher’s exact test where needed, whereas 
continuous data were compared using a Mann-Whitney U test (Tables 2 and 
3). Differences between responders and non-responders in CRP, marker lev-
els and ratios were compared using a Mann-Whitney U test post-hoc Bonfer-
roni correction for multiple comparisons. Longitudinal differences between 
marker levels/ratios from baseline versus week x were compared using the 
Friedman test with post-hoc Wilcoxon signed-rank test and Bonferroni 
correction for multiple comparisons. Marker levels are presented as mean 
and standard error of the mean. Spearman’s rank correlation coefficient was 
used to determine correlation between the markers/ratios and HBI/CRP 
(Supplementary table 1 and 2). Receiver-operator-characteristics (ROC) 
curves were calculated using MedCalc for Windows (MedCalc Software, 
Ostend, Belgium, version 14.8.1) for markers which were different between 
responders and non-responses. Optimal cut-off concentrations for each co-
hort were determined by MedCalc aiming at a combination of high sensitivi-
ty and specificity. Cut-off concentrations were used to determine Odds ratios 
(OR, with 95% confidence interval (95%CI)) and sensitivity/specificity using 
Fisher’s exact contingency analysis. GraphPad Prism version 6.0 (La Jol-
la, CA, USA) was used to design figures and for Fisher’s exact contingency 
analysis. Analysis of patient characteristics and markers compared to CRP/
HBI was performed using Statistical Package for Social Sciences 23.0 (SPSS 
Inc., Chicago, IL, USA). P values of <0.05 were considered significant.

ETHICAL CONSIDERATIONS

All patients from the Aarhus cohort provided written informed consent, 
and the study protocol was approved by the Central Denmark Region 
Committees on Biomedical Research Ethics [journal no. 20080092, 
journal no. 20060197(registered at ClinicalTrials.gov (NCT00955123)), 
and journal no. 20040150]. All patients from the Groningen cohort gave 
written informed consent for the use of patient data and serum (approved 
by the Institutional Review Board UMCG, IRB no. 08/279) from the 
University Medical Center Groningen IBD database and biobank. 
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COHORT CHARACTERISTICS

Twenty-one patients were included in the IFX cohort, and 21 patients were 
included in the ADA cohort. At baseline, patients in the IFX cohort used 
significantly more systemic steroids compared to the patients in the ADA 
cohort (Table 1). A trend for more female patients and for patients with ileal 
disease in the IFX cohort in contrast to more male patients and patients 
with colonic disease in the ADA cohort was observed (Table 1). Baseline 
biomarker levels were equal between IFX and ADA for CRP, C3M/PRO-C3 
and C4M/PRO-C4. Baseline levels of PRO-C3 (11.4±1.1 vs. 16.1±0.8, 
P=0.001), C3M (12.2±1.1 vs. 17.4±2.2, P=0.04), PRO-C4 (274.1±36.3 vs. 
510.5±99.6, P=0.04) and C4M (25.8±2.4 vs. 38.8±2.9, P=0.001) were higher 
in the ADA cohort compared to the IFX cohort. Seventeen (81%) patients 
responded in the IFX cohort, and 15 (71%) patients responded in the ADA 
cohort (supplementary figure 1). No differences in baseline characteristics 
were observed between responders and non-responders in the IFX or the 
ADA cohort. Especially, steroid use was not different between responders 
and non-responders in the IFX cohort or the ADA cohort.

DEGRADATION FRAGMENTS OF TYPE IV 
AND TYPE III COLLAGEN ARE ELEVATED IN 
ANTI-TNF NON-RESPONDERS

Increased C4M and Pro-C4 concentrations at baseline were observed 
in the IFX and in the ADA cohort in non-responders compared to 
responders. Collagen type IV formation marker C4M was increased 
in non-responders in both cohorts compared to responders (IFX: 
35.0±2.4 vs. 23.2±2.6, P=0.04, ADA: 53.0±3.2 vs. 34.1±2.8, P=0.006). 
Baseline levels of the collagen type IV formation marker PRO-C4 were 
also increased in non-responders to anti-TNF (IFX: 465.8±90.5 vs. 
219.4±25.3, P=0.011, ADA: 867.4±324.2 vs. 391.5±62.3, P=0.05) compared 
to responders. Baseline C3M/PRO-C3 ratios were not elevated in non-
responders at baseline in the IFX cohort (1.9±0.8 vs. 1.1±0.1, P=0.26), 
whereas they were increased in non-responders in the ADA cohort (1.7±0.5 
vs. 0.9±0.1, P=0.013). CRP levels were equal at baseline in both cohorts. 

ANTI-TNF THERAPY DIFFERENTLY ALTERS THE 
TURNOVER OF COLLAGEN TYPE III AND IV IN 
RESPONDERS VERSUS NON-RESPONDERS

After initiation of therapy, levels of PRO-C4 remained increased in non-
responders to anti-TNF in both the IFX (466.0±121.5 vs. 257.1±24.2, 

Results ---- 



56Table 2 ---- Demographics separated by response 
IFX: infliximab, ADA: adalimumab, NA: non 
applicable. aFishers exact test, bindependent 
sample t-test, cchi-square test.

3 (75.0%)

35.7 
(25.4- 52.9)

8.3 
(0.3-28.4)

 

0 (0%)

4 (100.0%)

0 (0%)

 

0 (0%) +
0 (0%)

1 (25.0%) + 
0 (0%)

3 (75.0%) + 
0 (0%)

 

4 (100.0%)

0 (0%)

0 (0%)

 

1 (25.0%)

 

2 (50.0%)

0 (0%)

0 (0%)

1 (25.0%)

1 (25%)

0 (0%)

1 (25%)

3 (75%)

14 (82.4%)

38.2 
(22.6 -66.1)

6.1 
(0.5-16.4)

 

0 (0%)

14 (82.4%)

3 (17.60%)

 

3 (17.6%) + 
2 (11.8%) 

2 (11.8%) + 
1 (5.9%)

8 (47.1%) + 
1 (5.9%)

 

14 (82.4%)

3 (17.6%)

0 (0%)

 

3 (17.6%)

 

3 (17.6%)

0 (0%)

0 (0%)

5 (29.4%)

15 (88.2%)

1 (5.9%)

6 (35.3%)

14 (82.4%)

>0.99a

0.75b

0.59b

 

>0.99c

0.77c 

 

>0.99c

>0.99a

 

0.23c

>0.99a

0.28a

>0.99a

>0.99a

>0.99a

3 (50.0%)

32.9 
(20.1 -58.9)

4.08 
(0.5-9.4)

 

0 (0%)

5 (83.3%)

1 (16.7%)

 

0 (0%) + 
0 (0%)

3 (50.0%) + 
0 (0%)

2 (33.3%) + 
1 (16.7%)

 

4 (66.7%)

2 (33.3%)

0 (0%)

 

0 (0%)

 

NA

1 (16.7%)

3 (50%)

0 (0%)

0 (0%)

3 (50%)

7 (46.7%)

40.7 
(21.5 -67.9)

6.0
 (0.1-12.2)

 

0 (0%)

10 (66.7%)

5 (33.3%)

 

2 (13.3%) + 
0 (0%)

5 (33.3%) + 
0 (0%)

5 (33.3%) + 
3 (20%)

 

15 (100.0%)

0 (0.0%)

0 (0%)

 

0 (0%)

 

NA

3 (20.0%)

7 (46.7%)

0 (0%)

0 (0%)

9 (60%)

>0.99a

0.31b

0.37b

 

0.62c

 

0.77c

 

0.07c

 

NA

 
 

NA

>0.99a

>0.99a

NA

NA

>0.99a

Non-resp 
(N=4)

P 
value

Resp 
(N=15)

Non-resp 
(N=6)

P 
value

Resp 
(N=17)

ADA (N=21)IFX (N=21)

GENERAL

Gender (n(%) female)

Age at anti-TNF (years, mean 
(minimum-maximum))

Disease duration anti-TNF (years,
mean (minimum-maximum))

AGE AT DIAGNOSIS (n(%))

A1 (<16)

A2 (17-40)

A3 (>40)

DISEASE LOCATION ANTI-TNF (n(%))

Ileal (L1) + upper GI (L4)

Colonic (L2) + upper GI (L4)

Ileocolonic (L3) + upper GI (L4)

DISEASE BEHAVIOR ANTI-TNF (n(%))

Non-stricturing/non-penetrating (B1)

Stricturing (B2)

Penetrating (B3)

SURGERY 

Resection before anti-TNF (n(%))

Cause of resection before 
starting anti-TNF (n(%))

• Persistent inflammation

• Stenosis

• Intra/abdominal fistula/
abces/perforation (with stenosis)

Peri-anal disease

Anti-TNF-naïve

MEDICATION WHEN STARTING ANTI-TNF

Mesalazine

Steroids

Immunosuppressives



57Figure 2 ---- Serum biomarker levels and ratios 
responders versus non-responders to anti-TNF 
in the IFX cohort. Significant differences after 
Bonferroni correction for multiple comparisons 
are depicted as: *P<.05, **P<.01 (in black for dif-
ferences between responders and non-responders, 

in blue/purple for differences among responders/
non-responders compared to baseline). Non-Bon-
ferroni corrected significant differences are de-
picted as: (*). Marker levels are presented as mean 
and standard error of the mean. 

Non-responders

Responders



58Figure 3 ---- Serum biomarker levels and ratios 
responders versus non-responders to anti-TNF in 
the ADA cohort. Significant differences are de-
picted as: *P<.05, **P<.01 (in black for differences 
between responders and non-responders, in blue/

purple for differences among responders/non-re-
sponders compared to baseline). Non-Bonferroni 
corrected significant differences are depicted as: 
(*).  Marker levels are presented as mean and 
standard error of the mean.

Non-responders

Responders



59P=0.05 (Figure 2)) and the ADA cohort at week 6 and 8 respectively 
(472.6±63.2 vs. 288.3±39.7, P=0.03 (Figure 3)) compared to responders. 
C4M levels were increased in non-responders at week 2 in the IFX cohort 
(29.3±2.5 vs. 21.8±2.1, P=0.01) and at week 8 in the ADA cohort (42.2±4.4 
vs. 27.9±2.1 P=0.01). In line with this, C3M levels remained increased 
in non-responders in the IFX (16.6±3.5 vs. 10.6±1.0, P=0.01) and ADA 
(19.0±4.1 vs. 9.9±1.4, P=0.03) cohort at week 6 and 8 respectively. 

TYPE IV COLLAGEN DEGRADATION LEVELS 
AT BASELINE PREDICT RESPONSE TO ANTI-TNF

In both cohorts, degradation marker C4M at baseline was able to predict 
response to anti-TNF (IFX: C4M cut-off concentration: 35.2 nmol/l, 
OR 39 (95%CI: 2.41-523.90), P=0.02, sensitivity: 0.93, specificity: 0.75; 
ADA: C4M cut-off concentration: 46.9 nmol/l, OR 26 (95%CI: 1.8-332.5), 
P=0.01, sensitivity: 0.93, specificity: 0.67, Table 3). In contrast CRP levels 
in neither the IFX nor the ADA cohort were able to predict response. 
Although not significant in both cohorts, similar trends were observed 
in both cohorts for the collagen type IV formation marker at baseline 
(IFX: PRO-C4 cut-off concentration: 339.2 nmol/l, OR 18 (95% CI: 1.53-
246.1), P=0.04, sensitivity: 0.92, specificity: 0.60; ADA: PRO-C4 cut-
off concentration: 409.7 nmol/l, OR 11.0 (95%CI: 0.98-143.80), P=0.11, 
Table 3). During the induction phase, C3M levels at week 6-8 were able 
to predict response to anti-TNF in both cohorts (IFX C3M cut-off value: 
14.0 nmol/l, OR: 14.00 (95%CI: 1.38-190.60), P=0.05, sensitivity: 0.93, 
specificity: 0.50; ADA C3M cut-off concentration: 14.1 nmol/l, OR: 14.7 
(95%CI: 1.2-191.1), P= 0.04, sensitivity: 0.92, specificity: 0.57, Table 4).

MARKERS CORRELATE TO CRP BUT NOT TO HBI

Both the IFX as well as in the ADA cohort, no correlation was found 
between the HBI versus markers, their ratios and CRP (Supplementary 
figure 1). Negative correlation was found between CRP and PRO-C3 in the 
IFX cohort at week 14 (r: -0.60, P=0.01) and in the ADA cohort at week 8 
(r: -0.52, P=0.03). Furthermore, (non-significant) correlation was found 
in between CRP and PRO-C4 in both cohorts (IFX: r: 0.79, P<0.001; 
ADA: r: -0.054, P=0.8). 
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Table 4 ---- Contingency analysis during anti-TNF 
induction therapy. IFX: infliximab, ADA: adali-
mumab, CI: confidence interval.

IFX

C3M wk 6 (IFX) / wk 8 (ADA)

C3M/ProC3 wk 2

C3M/ProC3 wk 8

ProC4 wk 1

C4M wk 6 (IFX) / wk 8 (ADA)

ProC4 wk 6 (IFX) / wk 8 (ADA)

ADA

C3M wk 6 (IFX) / wk 8 (ADA)

C3M/ProC3 wk 2

C3M/ProC3 wk 8

ProC4 wk 1

C4M wk 6 (IFX) / wk 8 (ADA)

ProC4 wk 6 (IFX) / wk 8 (ADA)

13.99 nmol/l

1.3 nmol/l

 

 

25.58 nmol/l

381.63 nmol/l

14.13 nmol/l

1.1 nmol/l

334.52 nmol/l

33.96 nmol/l

385.22 nmol/l

14.67 (1.17-191.10)

21.00 (1.80-284.10)

7.50 (0.88-96.42)

52.00 (2.31-656.50)

19.50 (1.67-265.10)

0.04

0.03

0.15

0.01

0.04

0.92

0.88

0.93

0.87

0.57

 

0.75

 

0.80

0.75

13.99 nmol/l

1.3 nmol/l

 

 

25.58 nmol/l

381.63 nmol/l

0.05

0.02

 

0.09

0.08

0.93

0.94

 

0.50

1.00

 

SpecSensP valueOdds ratio + 95%CICut-off

Table 3 ---- Contingency analysis at baseline
IFX: infliximab, ADA: adalimumab, CI: 
confidence interval.

IFX

C3M

Pro-C3

C3M/Pro-C3

C4M

Pro-C4

C4M/Pro-C4

ADA 

C3M

Pro-C3

C3M/Pro-C3

C4M

Pro-C4

C4M/Pro-C4

13.0 nmol/l

16.0 nmol/l

1.6

35.2 nmol/l

339.2 nmol/l

0.1

16.0 nmol/l

16.0 nmol/l

0.8 nmol/l

46.9 nmol/l

409.7 nmol/l

0.1 nmol/l

7.5 (0.8-105.0)

0 (0-4.5)

6 (0.6-51.0)

39 (2.4-523.9)

18 (1.5-246.1)

3 (0.4-43.8)

8.0 (0.8-105.7)

0.4 (0.03-3.9)

14.7 (1.2-191.1)

26.0 (1.8-332.5)

11.0 (1.0-143.8)

0.9 (0.1-6.8)

0.25

>0.99

0.20

0.02

0.04

0.59

0.13

0.61

0.04

0.01

0.11

>0.99

0.93

0.92

 

0.9167

0.9286

 

 

 

 

0.75

0.60

 

 

 

0.57

0.67

 

 

SpecSensP valueOdds ratio + 95%CICut-off
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In the present pilot study, we show that serological biomarkers for 
degradation of type IV collagen at baseline could identify patients with active 
CD who will respond to anti-TNF therapy. MMP-2, -9 and -12 degraded 
collagen type IV (C4M) levels measured at baseline could predict response to 
anti-TNF in both infliximab and adalimumab treated patients. Furthermore, 
MMP-9 degraded collagen type III levels (C3M) measured during the 
induction phase (week 6-8) could predict response to anti-TNF. These 
results were be reproduced in two independent cohorts of two different 
ant-TNF treatments in which patient characteristics and response based on 
reproducible HBI scores were well defined.25 Due to small sample sizes and 
differences between the cohorts, predictive values are based on different cut-
off values within each cohort and therefore need further validation. 

None of the markers that are currently used in clinical practice to 
monitor inflammation are direct derivates of tissue inflammation. CRP is 
the most commonly used inflammatory marker; however, CRP is produced 
and secreted by hepatocytes during inflammation upon stimulation by 
IL-1 and IL-6, and by TNF originating from the site of inflammation.11 In 
contrast, serological markers for post-translational modification of the 
ECM (both formation and degradation), are produced and released by 
the disease-affected tissue directly.26 As shown in this study, biomarkers 
which reflect post-translational modifications of the ECM can be used to 
predict response to anti-TNF. Since CRP has been extensively validated as 
a biomarker of active inflammation for patients with CD, the combination 
of CRP and serological markers for formation and degradation of collagen 
type IV might be optimal for clinical use and in prediction of response to 
anti-TNF in patients with CD. As serological markers for collagen formation 
and degradation are not drug specific, these markers may be suitable to 
monitor response to other biologicals in patients with CD or UC as well. 

Serological markers that indicate collagen degradation are 
produced by MMP-mediated cleavage of collagens at the site of 
inflammation. The antibodies used in these assays recognize the MMP 
cleaved neo-epitope specifically. For C4M, the neo-epitope is cleaved off 
by MMP-2, -9 and -12. For C3M, the neo-epitope is cleaved off by MMP-9. 
MMP-9 protein activity is upregulated in inflamed IBD mucosa, compared 
to non-inflamed IBD and control mucosa.13,27 Mucosal MMP expression 
in response to IFX was previously investigated by Di Sabatino et al. They 
showed that mucosal MMP-3, MMP-12 mRNA and protein expression 
decreased after treatment in patients with CD who responded to IFX. 
Furthermore, they showed that no change in MMP expression was found 
in non-responders and that down-regulation of MMP-3 and MMP-12 
correlates to improvement of the histology score.28 Another study showed 
that serum levels of MMP-9 decrease upon IFX induction treatment in 

Discussion ---- 



62patients with active luminal CD or fistulizing CD and observed a trend 
for lower MMP-9 levels at week 6 and 10 in responders to IFX.29 These 
data are in line with the decreasing concentrations of MMP-cleaved 
degradation products of collagen III and IV measured in responders in 
this study. De Bruyn et al. showed that MMP-9 is a surrogate marker 
to assess mucosal healing in CD.30,31 These results are in line with the 
decreased C3M levels (a surrogate marker for MMP-9 activity) in 
responders in the IFX and ADA cohort in our study. 

Our results show that responders could be differentiated from 
non-responders, based on levels of degradation markers of collagen 
type IV (C4M), already at baseline, before anti-TNF therapy was 
administered. Baseline PRO-C4 concentrations were different between 
responders and non-responders in both cohorts, but the prediction 
model was only statistically significant in the IFX cohort. Non-fibrillar 
collagen type IV is, as everywhere in the body, the main component of the 
basement membrane forming the barrier between the epithelium on the 
intestinal luminal side and the lamina propria of the intestine.32 Serum 
concentrations of collagen IV are decreased in patients with inflammatory 
bowel disease as previously reported by Koutroubakis et al. 33 They suggest 
altered collagen type IV metabolism in patients with IBD, but do not 
clarify whether a decrease in circulating collagen type IV corresponds to 
a decrease in serum formation or degradation products of collagen type 
IV. Our results show increased serum levels of formation and degradation 
products of collagen type IV in non-responders compared to responders, 
indicating increased turnover of collagen type IV in non-responders. 
Increased turnover of collagen type IV might reflect a decrease in the 
amount of collagen type IV that is deposited in the basement membrane of 
the affected intestine, and may indicate a more severe disease phenotype 
in which the mucosa is severely affected. Intestinal barrier function 
is impaired in patients with CD compared to healthy controls.34 An 
important role for TNF in intestinal homeostasis, barrier function and 
pathogenesis has been suggested.35 The role of anti-TNF was confirmed 
in studies which showed that intestinal permeability normalizes following 
successful anti-TNF (infliximab) therapy in patients with active Crohn’s 
disease.36 Our data indicate that an increase in collagen type IV turnover 
in non-responders (and therefore a decrease in net deposited collagen 
type IV), is associated with non-response to anti-TNF, perhaps due to 
a decrease in deposited collagen type IV leading to impaired intestinal 
barrier function.33 Non-response to anti-TNF might be explained by the 
inability of the intestine to restore the intestinal basement membrane, 
which predominantly consists of collagen type IV, and thereby the inability 
to restore its barrier. 

Our results furthermore show that response to anti-TNF can be 
predicted based on serum levels of MMP-9 degraded collagen type III at 
week 6-8 after start of therapy. Increased C3M concentrations in non-



63responders to anti-TNF indicate less suppression of MMP-9 activity upon 
induction therapy and thereby less suppression of tissue inflammation 
compared to responders. This is in line with C4M serum concentrations 
measured in responders versus non-responders. These results (C3M 
and C4M) further confirm that tissue inflammation (i.e. MMP activity) 
is reduced upon anti-TNF therapy and that the degree of reduction of 
tissue inflammation is indicative of response to anti-TNF. Based on serum 
concentrations of biomarkers for interstitial collagen type III determined 
during the anti-TNF induction phase, one cannot conclude whether 
anti-TNF is pro- or anti-fibrotic on the long term. Measuring markers 
reflecting formation and degradation of interstitial collagen (collagen 
type I and III) in a cohort of patients with CD in remission, might be 
suitable to answering this question. Ideally, concentrations of formation 
and degradation markers of interstitial collagens would be correlated 
(and thereby validated) to quantification of fibrosis by imaging (either by 
ultrasound, computed tomography enterography, or magnetic resonance 
enterography). Unfortunately, intestinal fibrosis cannot be adequately 
quantified by imaging so far.37

A major limitation of this study is its sample size. Even though the 
results observed in the IFX cohort could be reproduced in a comparable 
ADA cohort, these cohorts would ideally have been larger. Patients with 
different disease location (ileal, colonic or ileocolonic) and disease behavior 
(non-stricturing/non-penetrating (majority), stricturing (9.5-14.3%) 
were combined in this pilot study, causing variation. We have previously 
observed differences in serological biomarkers of ECM formation and 
degradation between non-stricturing/non-penetrating, stricturing or 
penetrating disease in patients with solely ileal disease.13 The surface area 
of the inflammation affected region presumably correlates to biomarker 
levels (especially levels of the by MMP-activity formed neo epitopes). 
Ideally one would validate the predicting value of these biomarkers in 
response to anti-TNF for each of the phenotypes within the Montreal 
classification (behavior and location) in a larger cohort. Because the 
sample sizes of both cohorts were small, high variation in marker levels 
between the two cohorts was observed. Differences in baseline biomarker 
concentrations between the cohorts, lead to differences in cut-off 
concentrations (used to determine sensitivity and specificity) between the 
two cohorts, as these were calculated per cohort per marker. This variation 
might be explained by the difference in steroid use at baseline between 
the two cohorts. The generalizability of this study remains therefore to be 
validated. This pilot study intended to be a proof of concept showing that 
biomarkers of ECM turnover can predict response to anti-TNF and was not 
intended to define final reference concentrations. 

Furthermore, in this retrospective cohort study endoscopic data was 
not available since colonoscopy was not routinely performed after remission 
induction with IFX/ADA. Only from a few patients, fecal calprotectin levels 



64were available after remission induction with anti-TNF. For prospective 
validation of these markers as markers for mucosal healing, correlation 
to the simple endoscopic score for CD (SES-CD) and fecal calprotectin 
are needed. It is known that the SES-CD correlates closest with fecal 
calprotectin, followed by CRP, blood leukocytes and the CDAI.38 This data 
was however not available in this pilot. 

Next to this, this study included patients who received ADA 
or IFX for at least 14 weeks. Hereby, we did not include primary non-
responders who ended treatment before week 14. Ideally, this subgroup 
would be included and a biomarker would  be valid to discriminate 
between all subgroups, namely primary non-responders, non-responders 
at week 8-14 and responders. Furthermore, this study lacks the correlation 
and correction of biomarker levels and IFX/ADA drug concentrations in 
plasma. This might explain part of the observed variation. Determining 
trough levels and antibodies against IFX/ADA was not considered 
necessary in the patients included in this study within the first 14 weeks 
of anti-TNF treatment as patients had sufficient clinical response. The 
probability that patients developed antibodies to infliximab within the 
first 14 weeks is small.39 However, we cannot exclude that responders had 
higher drug levels compared to non-responders. 

In summary, we are the first to show that clinical response to anti-
TNF for patients with active CD can be predicted at baseline based on a 
serological marker for MMP degraded collagen type IV (C4M) at baseline 
and based on MMP-9 degraded collagen type III (C3M) measured during 
the induction phase (week 6-8). The results of this study are promising 
but need validation. Especially correlation to endoscopic mucosal healing, 
fecal calprotectin, imaging, histology of the basement membrane in 
biopsies from endoscopy, as well as response profiles for each of the 
disease phenotypes (inflammatory, stricturing and penetrating CD) are 
needed before they can be used in clinical practice.
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68Supplementary table 1 ---- Correlation between HBI 
and biomarkers. IFX: infliximab, ADA: adalimumab.

Supplementary table 2 ---- Correlation between CRP and 
HBI/biomarkers IFX: infliximab, ADA: adalimumab.

IFX HBI baseline

IFX HBI week 14

 

ADA HBI baseline

ADA HBI week 8

Correlation Coefficient

P value

Correlation Coefficient

P value

Correlation Coefficient

P value

Correlation Coefficient

P value

-0.156

0.647

0.058

0.824

0.029

0.899

0.305

0.205

0.392

0.233

0.417

0.096

-0.11

0.643

0.398

0.102

0.029

0.933

0.428

0.087

-0.005

0.985

0.224

0.372

0.358

0.279

0.019

0.943

-0.113

0.634

0.385

0.114

-0.32

0.337

0.292

0.256

-0.245

0.298

0.419

0.083

0.148

0.664

0.192

0.46

0.047

0.844

0.35

0.154

-0.583

0.06

-0.237

0.36

0.027

0.912

-0.188

0.456

C4M/
PRO-C4

PRO-C4C4MC3M/
PRO-C3

ProC3C3MCRP

IFX CRP baseline

IFX CRP week 14

ADA CRP baseline

ADA CRP week 8

Correlation Coefficient

P value

Correlation Coefficient

P value

Correlation Coefficient

P value

Correlation Coefficient

P value

-0.156

0.647

0.058

0.824

0.029

0.899

0.305

0.205

.671**

0.002

-0.104

0.691

0.02

0.935

.568*

0.014

0.044

0.863

-.596*

0.012

0.189

0.424

-.516*

0.028

0.455

0.058

0.376

0.137

-0.02

0.935

.702**

0.001

.668**

0.002

0.048

0.854

-0.009

0.97

.539*

0.021

.791**

<0.001

-0.041

0.877

-0.054

0.821

0.326

0.187

-0.179

0.478

-0.013

0.961

0.084

0.732

0.096

0.704

C4M/
PRO-C4

PRO-C4C4MC3M/
PRO-C3

PRO-C3C3MHBI
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