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70ABSTRACT 

CONCLUSIONS ----- The VICM biomarker was time 
dependently reduced in CD patients responding 
to anti-TNF treatment. We suggest that VICM 
may be used as an early predictor of response to 
anti-TNF in patients with CD. 

RESULTS ----- Compared with baseline, VICM 
serum levels were reduced by anti-TNF in the 
infliximab cohort (week 2, 6, and 14) as well in 
the adalimumab cohort (week 1 and 8). VICM 
serum levels were statistically significantly 
lower in the responders compared with non-
responders (infliximab: week 6, P<0.05 [area 
under the curve (AUC)=0.90]; adalimumab: 
week 1 P<0.01 [AUC=0.91], and week 8 P<0.05 
[AUC=0.86]), and were able to predict response 
to treatment (between 1-6 weeks after treatment) 
with an odds ratio from 22 to 42.5. C-reactive 
protein did not predict response to treatment. 

METHODS ----- Serum VICM levels were measured 
by ELISA in two independent cohorts of 
patients with Crohn’s disease who were treated 
with anti-TNF treatment (infliximab: n=21 
or adalimumab: n=21). The response was 
determined as achieving clinical remission 
defined according to the Harvey Bradshaw 
index (HBI, <5 responders) at week 14 for 
the infliximab cohort and week 8 for the 
adalimumab cohort. 

BACKGROUND & AIMS ----- In Crohn’s disease 
(CD), 30-40% of patients do not respond 
to anti-TNF treatment. Currently, there are 
no biomarkers with adequate sensitivity to 
separate responders from non-responders at an 
early stage. Citrullinated and MMP-degraded 
vimentin (VICM) is a biomarker of activated 
macrophages. We investigated if an early change 
in serum VICM predicted the clinical outcome of 
anti-TNF treatment in CD patients.
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Crohn’s disease (CD) is a chronic inflammatory disease that can affect 
the entire gastrointestinal tract. Drugs targeting tumour necrosis factor 
α (anti-TNF) including infliximab and adalimumab are widely used in 
the treatment of CD.1 Although anti-TNF therapy has revolutionized the 
management of CD, 10-40% of CD patients starting anti-TNF do not 
achieve an adequate response to the treatment.2–5 Consequently, there is 
a need for biomarkers that can predict the outcome of anti-TNF in the 
first weeks of treatment or preferably even before treatment initiation. 
C-reactive protein (CRP), reflecting acute inflammation, is currently 
the most studied serum biomarker to monitor IBD disease activity.6,7 
However, blood levels of novel tissue-derived biomarkers reflecting tissue 
remodelling and inflammation may be superior to CRP in monitoring 
disease activity.8,9 Biomarkers in the form of matrix metalloproteinases 
(MMPs) generated extracellular matrix (ECM) fragments, which 
specifically quantify the tissue remodelling resulting from the inflammatory 
process may to a high degree reflect the anti-inflammatory and mucosal 
regenerative effect of anti-TNF treatment.10–13

 Increased MMP activity contributes to the pathogenesis of CD 
and is associated with accelerated disease activity.14–16 Increased levels 
of the MMP degraded and citrullinated fragment of vimentin (VICM) 
were previously found to be highly associated with Crohn’s disease and 
other inflammatory driven diseases.10,17,18 In addition, VICM is a marker 
of activated macrophages which play a central role in IBD pathogenesis.19 
Increased expression of activated macrophages is found in the mucosa in 
active CD inflammation and may facilitate the development of chronic 
inflammation.20,21 Mucosal migration of macrophages thereby attenuates 
healing of the mucosa as macrophages produce high amounts of TNF and 
IL-23.20 Because anti-TNF reduces the numbers of activated macrophages, 
we hypothesised that changes in VICM levels could predict the outcome 
of anti-TNF treatment in CD.22,23 We evaluated the predictive value of 
changes in VICM serum levels for response to anti-TNF treatment in two 
independent cohorts of patients with CD.

Introduction ---- 
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STUDY DESIGN AND POPULATION

Infliximab cohort
Serum from 21 patients with biopsy confirmed Crohn’s disease who 
started induction therapy with infliximab (Remicade, Janssen Biologics 
B.V., Leiden, Holland; intra-venous infusions of 5 mg/kg body weight) 
was retrospectively collected from the database of the IBD Center of 
the University Medical Center Groningen (UMCG, single center, the 
Netherlands), from November 2009 to March 2016. Clinical response 
was evaluated at week 14 after induction by applying the Harvey 
Bradshaw Index (HBI) disease activity score. Retrospectively available 
serum samples during induction therapy at baseline (week 0), and weeks 
2, 6 and 14 were collected. Serum was always retrieved before a patient 
received infliximab. 

Adalimumab cohort
Serum from 21 patients with Crohn’s disease from Aarhus University 
Hospital (AUH, single center, Denmark) was included retrospectively. 
The HBI disease activity score was applied to evaluate disease activity.24 
The patients received adalimumab (n=21) (subcutaneous injections of 
160 mg on day 0, 80 mg 2 weeks later, and then 40 mg every other week) 
(Humira, Abbott, Chicago, IL, USA). Retrospectively available serum 
samples during induction therapy at baseline (week 0), and weeks 1, and 
8 were investigated. Serum was always taken before a patient received 
the adalimumab injection. Clinical response was evaluated based on 
HBI score at week 8.

Exclusion criteria
Exclusion criteria for both cohorts were: clinical remission (HBI<5) 
or inactive disease at baseline, age <18, history of resection due to 
complicated disease phenotypes (intra-abdominal stenosis or fistula), 
no HBI data available at the end of induction, any kind of (also non-
CD related) surgery or balloon dilatation within 6 months before a 
sample serum sample was taken or during the induction phase and 
solely peri-anal disease indication, malignancy (except for all types 
of skin cancer) no patients were, however diagnosed with any form of 
skin cancer at inclusion (Figure 1). Further exclusion criteria specific 
for the infliximab cohort: other fibrotic disease (e.g. liver fibrosis/
cirrhosis), autoimmune diseases not associated with Crohn’s disease, 
and hematologic disease. Further exclusion criteria specific for the 
adalimumab cohort: pregnancy, no informed consent, unable to 
understand/read Danish, heart failure. 

Materials and Methods ----- 



73Figure 1 ----  Flowchart for the two patient cohorts 
with exclusion criteria.

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.



74Definition of response and non-response to anti-TNF treatment
Patient achieving clinical remission (HBI<5) were defined as responders 
at week 14 (infliximab cohort) and week 8 (adalimumab cohort). Patients 
who did not achieve clinical remission were defined as non-responders.

BIOMARKER ASSAY

At Nordic Bioscience (Herlev, Denmark) serum VICM (Lot. TO1505A) 
concentrations (a fragment of citrullinated and MMP degraded vimentin) 
were assessed by solid phase competitive enzyme linked immunosorbent 
assays (ELISAs)25. In brief, pre-coated wells with streptavidin (Roche 
Diagnostic’s cat. No. 11940279, Hvidovre, Denmark) were coated with a 
biotinylated antigen. Samples and controls were added to the wells and 
were incubated with horseradish peroxidase-conjugated monoclonal 
antibodies for 20 hours at 4°C. Subsequently, Tetramethylbenzidine 
(TMB, Kem-En-Tec cat. No. 438OH, Taastrup, Denmark) was added. Stop 
buffer (1% H2SO4) was added to stop the TMB reaction. 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.
 This assay has an intra-assay CV% of <10% and inter-assay CV% 
of <15%. Plates were rejected and reruns if they did not meet the intra/
inter assay criteria. Assay controls were used to assess the intra and inter 
variations between 10 plates. The measurement range is 1.03ng/mL to 
217.6 ng/mL. Samples below the lower limit of detection (LLOQ) were 
therefore set to 1.03ng/mL.

STATISTICAL ANALYSIS

To achieve normal distribution, log-transformation of the data was applied 
prior to statistical analysis. Student t-test or paired t-test for normally 
distributed data was applied for analysing statistical differences between 
responders and non-responders for the individual time points and 
differences from baseline levels to the different time points respectively. 
If a normal distribution was not achieved by log transformation, Mann-
Whitney U-test or Wilcoxon test was applied to analyse differences 
between responders and non-responders for the individual time points and 
differences from baseline levels to the different time points for non-normal 
distributed data, respectively. The Bonferroni correction was applied to 
correct for multiple testing. Biomarker levels are presented as non-log 
transformed data with mean and standard error of the mean (SEM). 
 For the purpose of assessing the predictive power of the biomarker 
to differentiate between responders and non-responders to anti-TNF, 
receiver operating characteristic (ROC) curves were calculated. Odds ratios 
were calculated using the ROC-curve defined cut-off values to perform 



75contingency analysis. A P value of ≤0.05 was considered statistically 
significant. Statistical analysis was performed using Graphpad Prism 7.03 
and MedCalc. Figures were made using GraphPad Prism version 7.03.

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 ( journalno.20080092). All 
patients from the Groningen cohort gave written informed consent when 
participating in the University Medical Centre Groningen IBD ethical 
approved database and for biobank (IRB no. 08/279) for the use of patient 
data and serum. 
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BASELINE CHARACTERISTICS

The two cohorts were similar when comparing the patient demographics 
(Table 1). No statistically significant differences were observed between 
responders and non-responders in the two cohorts (Table 2). Serum 
VICM correlated positively with CRP in the infliximab cohort (r=0.62, 
P<0.001), but not in the adalimumab cohort (r=0.15, P=0.54). There were 
no differences in baseline VICM levels between responders and non-
responders, neither among patients treated with infliximab nor those 
treated with adalimumab.

VICM LEVELS ARE REDUCED IN PATIENTS 
WITH CROHN’S DISEASE WHO RECEIVE ANTI-TNF

VICM and CRP serum levels decreased during the course of anti-
TNF treatment. In infliximab-treated patients, VICM was statistically 
significant reduced at week 6 (P=0.023) and week 14 (P=0.04) compared 
to baseline. In the adalimumab cohort, VICM was significantly reduced 
at week 8 (P=0.009), compared to baseline but not at week 1 (P=0.53) 
(Figure 2). CRP levels decreased in both groups from anti-TNF treatment. 
In the infliximab cohort, there was a significant drop in CRP levels at 

Results ---- 

Table 1 ----  Patient demographics for both cohorts.

17 (81.0%)

37.7 (22.6 -66.1)

6.54 (0.3-28.4)

 

0 (0%)

18 (85.7%)

3 (14.3%)

 

5 (23.8%)

4 (19.0%)

12 (57.1%)

 

18 (85.7%)

3 (14.3%)

0 (0%)

6 (28.6%)

10 (47.6%)

38.5 (20.1 -67.9)

5.45 (0.1-12.2)

 

0 (0%)

15 (71.4%)

6 (28.6%)

 

2 (9.5%)

8 (38.1%)

11 (52.4%)

 

19 (90.5%)

2 (9.5%)

0 (0%)

4 (19.0%)

0.052

0.867

0.544

 

0.454

 

0.264

 

>0.999

 

 

0.719

P-valueadalimumab cohort 
(N= 21)

infliximab cohort 
(N= 21)

GENERAL

Gender (n (%) female)

Age at start of treatment (years, mean 
(minimum-maximum))

Disease duration start treatment 
(years, mean (minimum-maximum))

AGE AT DIAGNOSIS (N (%))

A1 (<16)

A2 (17-40)

A3 (>40)

DISEASE LOCATION START IFX (N (%))

L1 Ileum

L2 Colon

L3 Ileocolonic

DISEASE BEHAVIOR START IFX (N (%))

Non-stricturing/non-penetrating

Stricturing

Penetrating

Perianal disease



77week 2 (P=0.023) and week 6 (P=0.003) compared to baseline, and for 
the adalimumab cohort, CRP levels were significantly reduced at week 1 
(P=0.002) and week 8 (P=0.004) compared to baseline (Figure 2). 

VICM LEVELS ARE REDUCED IN RESPONDERS 
TO ANTI-TNF TREATMENT IN CD 

In both cohorts, VICM serum levels were statistically significantly reduced 
at different timepoints in patients who responded to anti-TNF treatment 
compared to baseline (infliximab week 2 (P=0.48), week 6 (P=0.039) week 
14 (P=0.23); adalimumab week 1 (P=0.33), and week 8 (P=0.003)). There 
were no significant changes in VICM levels in non-responding patients 
compared to baseline. VICM levels were significantly lower in responders 
compared to non-responders at week 6 (P=0.046) in the infliximab treated 

Table 2 ----  demographics of patients according to 
anti-TNF treatment and response to treatment.

3 (75.0%)

35.7 
(25.4- 52.9)

8.3 
(0.27-28.4)

 

0 (0%)

4 (100%)

0 (0%)

 

0 (0%)

1 (25.0%)

3 (75.0%)

 

4 (100.0%)

0 (0%)

0 (0%)

1 (25.0%)

 

1 (25.0%)

 

2 (50.0%)

0 (0%)

0 (0%)

14 (82.4%)

38.20 
(22.58 -66.09)

6.2
(0.5-16.4)

 

0 (0%)

14 (82.4%)

3 (17.60%)

 

5 (29.4%)

3 (17.7%)

9 (53.0%)

 

14 (82.4%)

3 (17.60%)

0 (0%)

5 (29.4%)

 

3 (17.6%)

 

3 (17.6%)

0 (0%)

0 (0%)

>0.99

0.752

0.59
 

>0.99

 

0.772

 

>0.99

>0.99

 

>0.99

 

0.228

3 (50.00%)

32.85 
(20.12 -58.86)

4.1 
(0.5-9.4)

 

0 (0%)

5 (83.3%)

1 (16.70%)

 

0 (0%)

3 (50.0%)

3 (49.7%)

 

4 (66.7%)

2 (33.3%)

0 (0%)

1 (16.7%)

 

0 (0%)

 

NA

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%)

5 (33.3%)

8 (53.3%)

 

15 (100.0%)

0 (0%)

0 (0%)

3 (20.0%)

 

0 (0%)

 

NA

>0.99

0.308

0.374
 

0.623

 

0.768

 

0.071

>0.99

 

NA

 

 

P 
value

Responders 
(N=15)

Non-
responders 
(N=6)

P 
value

Responders 
(N= 17)

Non-
responders 
(N= 4)

Infliximab cohort (N= 21) Adalimumab cohort (N= 21)

GENERAL

Gender (n (%) female)

Age at start treatment (years, 
mean (minimum-maximum))

Disease duration start treatment 
(years, mean (minimum-maximum))

AGE AT DIAGNOSIS (N (%))

A1 (<16)

A2 (17-40)

A3 (>40)

DISEASE LOCATION START TREATMENT (N (%))

Ileal (L1)

Colonic (L2)

Ileocolonic (L3)

DISEASE BEHAVIOR START IFX (N (%))

Non-stricturing/
non-penetrating (B1)

Stricturing (B2)

Penetrating (B3)

Peri-anal disease, (n (%))

SURGERY (N (%))

Resection before IFX (n (%))

Cause of resection 
before starting IFX

• Persistent inflammation

• Stenosis

• Intra/abdominal fistula/abscess
/perforation (with stenosis)
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Figure 2 ---- Representation of the VICM biomarker 
serum level during the course of anti-TNF treat-
ment in CD. Asterisks indicate the level of signifi-

cance, *:P<05, **:P<0.01, ***:P<0.001 compared to 
baseline. Error bars indicate standard error of the 
mean (SEM).

Infliximab cohort

Adalimumab cohort

patients and at week 1 (P=0.007) and week 8 (P=0.048) in adalimumab 
treated patients (Figure 3).
 Anti-TNF treatment reduced CRP levels in both cohorts for respond-
ers ((infliximab week 2 (P=0.094), week 6 (P=0.023) week 14 (P=0.69); 
adalimumab week 1 (P<0.001), and week 8 (P<0.001)) and non-responders 
(infliximab week 2 (P=0.25), week 6 (P=0.066) week 14 (P=0.53); adali-
mumab week 1 (P=0.016), and week 8 (P=0.38)) compared to baseline. How-
ever, no significant differences in the changes in CRP levels were observed 
when comparing responders with non-responding patients (Figure 3).

DECREASED VICM SERUM LEVELS PREDICT 
RESPONSE TO ANTI-TNF TREATMENT IN CD

A clinically relevant cut off value of 12.5 ng/ml for VICM was identified by 
ROC-curve analysis for the infliximab and adalimumab cohort (Figure 4, 
Table 3). Using this cut off, VICM levels were able to discriminate respond-
ers from non-responders at week 6 (AUC: 0.89 [CI: 0.75-1.00], specificity: 
75%, sensitivity: 88%, P<0.01) for the infliximab cohort and week 1 (AUC: 
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Figure 3 ----  Representation of the VICM and 
CRP biomarkers ability to predict response to an-
ti-TNF. Responders and non-response to anti-TNF 
treatment in CD. Asterisks * indicate the level 
of significance, *:P<05, **:P<0.01, ***:P<0.001 
at different timepoints compared to baseline. (*) 

indicates borderline significance. Hashtags (#) in-
dicate the level of significance #:P<05, ##:P<0.01 
between responders and non-responders at a giv-
en time point. Error bars indicate standard error 
of the mean (SEM).

Infliximab cohort

Adalimumab cohort

0.91 [CI: 0.78-1.00], specificity: 87%, sensitivity: 100%, P<0.01) and week 
8 (AUC: 0.86 [CI: 0.68-1.00, specificity: 86%, sensitivity: 40%, P<0.05) 
for the adalimumab cohort (Figure 4, Table 3). 
 A cut off value for serum levels <12.5ng/mL in the period between 
week 1 and week 6 for both cohorts predicted response to treatment. 
Patients with VICM levels below this cut off were 22.5 to 42.0 times more 
likely to be responders to anti-TNF compared to those with a VICM level 
>12.5ng/ml (infliximab cohort week 6: OR=22.5, [CI:1.93-303]; adali-
mumab cohort week 1: OR=42.0 [CI:3.76-501]) (Table 3). Comparable 
analysis using CRP levels to predict the treatment outcome could not pre-
dict response to treatment for either cohort (Table 3). 
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Figure 4 ----  Representation of the biomarkers 
VICM and CRP diagnostic accuracy to predict 
response to anti-TNF by ROC-curve analysis.

Infliximab cohort

Adalimumab cohort

Table 3 ---- ROC-curve analysis and odds ratio 
calculations for early prediction of response.

INFLIXIMAB COHORT

Responders vs. non-responders

VICM (wk 6)

CRP (wk 2)

ADALIMUMAB COHORT

Responders vs. non-responders

VICM (wk 1)

CRP (wk 1)

VICM (wk 8)

CRP (wk 8)

 

<12.5 ng/mL

<6 mg/L

 

<12.5 ng/mL 

<6 mg/L

<12.5 ng/mL

<6 mg/L

 

0.90 (0.76-1.00) 

0.81 (0.47-1.00) 

 

0.91 (0.78-1.00)

0.67 (0.31-86)

0.86 (0.68-1.00)

0.79 (0.50-1.00)

75

33

 

100

33

100

67

 

88

87

87

93

71

93

 22(CI: 1.93-303)

 13 (CI: 0.91-198)

42 (CI: 3.76-501)

0.93 (CI: 0.09-15.4)

2.44 (CI: 0.30-16.5)

2.18 (CI:0.22-30.6)

0.008

0.205

<0.001

0.57

0.42

0.52

P valueOdds ratioSpec.%Sens.%AUC (CI)Cut-off
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In this study, we investigated if the biomarker VICM could predict 
the response to anti-TNF treatment. To summarize, our main finding 
was that VICM may be used as a pharmacodynamic biomarker that 
predicts the response to anti-TNF treatment in patients with CD with 
an AUC of 0.86-0.91. 
 An unmet clinical need in the treatment of CD is non-invasive 
biomarkers that can accurately predict the therapeutic efficacy of a 
given treatment modality and such biomarkers could aid clinicians in 
selecting optimal treatment options.5 Changes in VICM serum levels 
in the induction phase of anti-TNF treatment may provide an early 
identification of responders and non-responders to treatment, and hereby 
assist clinicians in making decisions to switch drugs in the 30-40% of CD 
patients who will not respond to anti-TNF in the early treatment phase.2,3 
 VICM was previously demonstrated to be a biomarker of activated 
macrophages in vitro and serum VICM levels are reduced in rheumatoid 
arthritis patients treated with anti-GM-CSF, leading to diminished 
activation of macrophages.19,26,27 Therefore, the results obtained from 
this study are in agreement with previous data demonstrating that 
VICM is attenuated by therapies that diminish inflammation and 
macrophage activity.19,26–28 Activated macrophages contributes to the 
chronic inflammation in CD by producing a plethora of proinflammatory 
cytokines, including TNF and IL-23, converging into sustained 
macrophage activation and recruitment of other inflammatory cells.20,22,23,29

 Our study demonstrates that VICM may be a valuable biomarker 
for monitoring and predicting the outcome of anti-TNF treatment in CD. 
Changes in VICM levels performed better than CRP in predicting the 
outcome of anti-TNF treatment. Thus, VICM may offer additional value to 
monitoring response to treatment and to predicting early response, within 
the first weeks, in CD patients by identifying those who are more likely to 
have a sustained response, and those patients who may potentially benefit 
from dose escalation or a different treatment. We can only speculate 
to what extent changes in VICM levels also can be used to predict the 
outcome of other treatment modalities. Our findings of high VICM 
levels in non-responding patients may indicate that a lack of response 
to anti-TNF in CD patients corresponds with insufficient suppression of 
macrophage activity from this treatment.
 A major strength of this study is the inclusion of two independent 
well characterised CD patient cohorts treated with anti-TNF, and VICM 
performed equally well as a biomarker of early response in both cohorts. A 
limitation of the study is the sample size of both cohorts despite significant 
findings, which should be validated in larger cohorts, preferably > 100 
patients. In addition, the ability of VICM to predict a prolonged anti-TNF 

Discussion ---- 



83response should be investigated in a CD cohort treated for more than 
14 weeks. Future studies should also focus on evaluating VICM and its 
association with endoscopic and histological disease activity to address 
whether VICM can predict mucosal healing in CD patients treated with 
biologics including anti-TNF, anti-α4β7 integrin and anti-IL-23 therapies 
or immunosuppressants.
 In conclusion, the reduction in VICM serum levels, but not 
reduction in CRP levels, can predict early response to anti-TNF treatment 
in patients with CD. Thus, VICM may help to facilitate early decision-
making of the best possible treatment option for CD patients. 
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