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Prognostic value of blood‑based 
fibrosis biomarkers in patients 
with metastatic colorectal 
cancer receiving chemotherapy 
and bevacizumab
Neel I. Nissen1,2,7*, Stephanie Kehlet2,7, Mogens K. Boisen3, Maria Liljefors4, 
Christina Jensen2, Astrid Z. Johansen3, Julia S. Johansen3,5,6, Janine T. Erler1, 
Morten Karsdal2, Joachim H. Mortensen2, Anette Høye1 & Nicholas Willumsen2

A desmoplastic colorectal cancer stroma, characterized by excess turnover of the cancer-associated 
fibroblast derived collagens type III and VI, can lead to reduced drug-uptake and poor treatment 
response. We investigated the association between biomarkers of collagen type III and VI and overall 
survival (OS) in patients with metastatic colorectal cancer (mCRC). Serum samples were collected 
from 252 patients with mCRC prior to treatment with bevacizumab and chemotherapy. Serum 
concentrations of biomarkers reflecting formation of collagen type III (PRO-C3) and VI (PRO-C6) and 
degradation of collagen type VI (C6M and C6Mα3) were determined by ELISA. The biomarkers were 
evaluated for associations with OS, individually, combined, and after adjusting for carcinoembryonic 
antigen (CEA), lactate dehydrogenase (LDH) and performance status (PS). High baseline levels 
(> median) of each collagen biomarker were significantly associated with shorter OS (PRO-C3: HR = 2.0, 
95%CI = 1.54–2.63; PRO-C6: HR = 1.6, 95%CI = 1.24–2.11; C6M: HR = 1.4, 95%CI = 1.05–1.78; C6Mα3: 
HR = 1.6, 95%CI = 1.16–2.07). PRO-C3 and PRO-C6 remained significant after adjustment for CEA, LDH 
and PS. Weak correlations were seen between the collagen biomarkers (r = 0.03–0.59) and combining 
all improved prognostic capacity (HR = 3.6, 95%CI = 2.30–5.76). Collagen biomarkers were predictive of 
shorter OS in patients with mCRC. This supports that collagen- and CAF biology is important in CRC.

Screening programs and novel treatment strategies for colorectal cancer (CRC) have greatly improved survival 
during the last decade1. However, CRC is still the third most common cancer and the second most common 
cause of cancer-related death worldwide2. Patients diagnosed with early-stage disease can be treated with cura-
tive intent. But 20–25% of patients with CRC present with metastasis at diagnosis and the 5-year overall survival 
(OS) decrease drastically from 90% in stage I to 14% in stage IV3.

CRC can arise from multiple genetic and epigenetic pathways, which result in high tumour heterogeneity 
between patients4,5. Furthermore, the tumour microenvironment including non-mutant cells, fibroblasts, and 
the extracellular matrix (ECM) are major contributors to CRC progression6,7. Altogether, this affects treatment 
response and overall patient outcome, and the prognosis of patients with metastatic (m)CRC remains poor. The 
development of novel prognostic and predictive biomarkers, which can be used to monitor disease status and 
guide treatment decisions, is crucial.
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During the last decade, biomarkers for CRC screening have been in focus with faecal occult blood testing 
as the most commonly used method. This tool is included in screening programs in western countries and has 
reduced the risk of CRC-associated mortality4,8. However, biomarkers for prediction of tumour aggressiveness, 
disease status, and treatment response are still lacking. Protein-based biomarkers, measured in liquid biopsies, 
have the potential to reflect a certain pathogenic phenotype. The local tumour microenvironment, including the 
ECM, could possess such biomarker targets, as it has been shown to play an important role in tumour initiation 
and progression9.

For many years, the ECM was believed to solely provide structural support for surrounding cells. However, 
it is now well recognized that it has an important function in regulating cell behaviour6,7,9. The ECM found in 
the intestines consists of a variety of proteins, including proteoglycans, elastin, laminins, and collagens. Over-
all, the ECM can be divided into two structures: the basement membrane (BM) underlining the epithelial and 
endothelial cells located in the mucosa and submucosa, and the interstitial matrix (IM), located underneath the 
BM in the lamina propria and submucosa10. The BM is primarily built up by collagen type IV, whereas the IM 
mainly consists of the fibroblast-derived collagens type I, III and VI10. Under healthy physiological states, the 
ECM is remodelled in an orderly and structured way. This homeostatic balance is disrupted in cancer patholo-
gies. Here, the ECM becomes desmoplastic—a cancer-associated fibroblast (CAF) mediated uncontrolled ECM 
remodelling process, characterized by increased matrix-metalloproteinase (MMPs) activity, increased deposition 
of IM collagens and crosslinking of these collagens6,9. In CRC, the collagen fibres are thicker, denser, and more 
aligned compared to fibres in healthy tissue11. These events result in stiff tissue, which stimulates tumour growth, 
inflammation, angiogenesis, and enhances the metastatic potential9,12–15. Clinically, desmoplasia is associated 
with poor treatment response and short OS9,12,16–20. Two major desmoplasia-associated collagens are collagen 
type III and VI which are so-called fibrillar and beaded filaments, respectively. Collagen type III is expressed 
mainly in the lamina propria in the colon, whereas collagen type VI is localized in the crypt-villus axis in the 
interface between the BM and IM 10. Several studies have shown that collagen type III and VI promote tumour 
cell proliferation, angiogenesis, migration, metastasis, inflammation, and drug resistance21–33.

During tumour progression, the associated desmoplastic reaction generates collagen turnover fragments 
which are released to the circulation where they can act as a surrogate measure of desmoplasia and fibroblast 
activation. We and others have shown that several collagen biomarkers have a diagnostic, prognostic and pre-
dictive capacity in various solid tumour types9,20,34–43. As an example, turnover products from collagen type 
III are augmented in serum from patients with ovarian, melanoma, pancreatic and breast cancer20–23,36,39,41,42. 
In addition, biomarkers from collagen type III have been shown to predict response to treatment in patients 
with metastatic pancreatic cancer 36. Likewise, turnover products from collagen type VI have been shown to 
be increased in serum from patients with breast, colon, melanoma, ovary, prostate, lung and pancreatic cancer 
25,44–46. We have shown that turnover products from collagen type I, III, and IV were increased in serum from 
patients with CRC when compared to levels in patients with adenomas and in healthy subjects44,47. The levels 
of these collagens were especially increased in later stages of CRC​47. In this study, we evaluate serum biomark-
ers measuring turnover products of collagen type III and VI for their association with survival in patients with 
mCRC treated with standard of care chemotherapy and bevacizumab.

Methods
Patient samples.  This study included pre-treatment serum samples from 252 patients with mCRC included 
in the biomarker study CREBB “ColoRectal cancer – Evaluation of Biomarkers in Bevacizumab treatment” from 
2011 to 2016 at three Danish and four Swedish hospitals. The study included patients who were starting pallia-
tive treatment with standard chemotherapy and bevacizumab in any treatment line. All serum samples were 
drawn at baseline prior to bevacizumab + chemotherapy treatment. The study was carried out in accordance 
with the recommendations of the Danish Regional Committee on Health Research Ethics. The CREBB protocol 
was approved by the Danish Regional Committee on Health Research Ethics (Approval ID: H-3-2010-121) and 
the Data Protection Agency (Approval ID: 2007-58-0015/HEH.750.24-44). All subjects gave written informed 
consent in accordance with the Declaration of Helsinki. Nordic Bioscience received anonymized serum samples 
and clinical data. Clinical data included: Age, gender, number of metastatic sites at study inclusion, perfor-
mance status (PS), line of treatment, primary tumour resected or in situ at baseline, baseline carcinoembryonic 
antigen (CEA, cut off: 5 ug/L), baseline lactate dehydrogenase (LDH, cut off: 205 U/L), baseline platelets (cut 
off: 390 × 109/L), baseline neutrophils (cut off: 5.9 × 109/L) and baseline white blood cells (cut off: 8.8 × 109/L). 
Demographics and clinical profiles are shown in Table 1.

Biomarker measurements.  Four different collagen turnover fragments (biomarkers) were measured 
in serum samples, drawn prior to bevacizumab + chemotherapy treatment, using competitive enzyme-linked 
immunosorbent assays (ELISA). The assays measured the N-terminal pro-peptide of collagen type IIIα1 (PRO-
C3), the C-terminal (endotrophin) of collagen type VIα3 (PRO-C6), a MMP-generated epitope of collagen type 
VIα1 (C6M) and a MMP-generated epitope of collagen type VIα3 (C6Mα3). Description and visualization of 
the biomarker targets are shown in Fig. 1. The assays were run according to manufacturer’s instructions (Nordic 
Bioscience, Herlev, Denmark). Briefly, 96-well streptavidin-plates were coated with 100 μL biotinylated synthetic 
target-peptide dissolved in assay buffer. The plates were incubated for 30 min at 20 °C. After incubation, the 
plates were washed five times in wash buffer (20 mM Tris, 50 mM NaCl, pH 7.2). Next, 20 μL of standard peptide 
and pre-diluted samples were added to the appropriate wells followed by 100 μL of peroxidase-conjugated spe-
cific monoclonal antibody and incubated at 1 h at 20 °C or 20 h at 4 °C. After incubation, plates were washed five 
times with wash-buffer and 100 μL of tetramethylbenzinidine (cat. 438OH, Kem-En-Tec diagnostics, Denmark) 
was added to each well. Plates were incubated for 15 min at 20 °C followed by the addition of 100 μL 0.18 M 
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H2SO4 to stop the enzymatic reaction. All incubations were performed on a plate shaker at 300 rpm in darkness. 
The absorbance (optical density, OD) was measured at 450 nm with 650 nm as reference. A calibration curve was 
plotted using a 4-parameter logistic curve fit.

Statistical analysis.  Results are reported in accordance with the REMARK (Reporting Recommendations 
for Tumor Marker Prognostic Studies) guidelines 48. Spearman correlation coefficient was used to calculate cor-
relations between PRO-C3, PRO-C6, C6M and C6Mα3. Kaplan–Meier curves were used to assess the relation-
ship between high (> median) and low (≤ median) collagen biomarker levels and OS, individually and in bio-
marker combinations. A univariate Cox proportional-hazards regression model was used to calculate the hazard 
ratios (HR) with 95% Cl for the OS per biomarker and clinical co-variates: Age, gender, number of metastatic 
sites, PS, line of treatment, primary tumour in situ or resected, serum CEA (cut-off: 5 ug/L), serum LDH (cut-
off: 205 U/L), platelets (390 × 109/L), neutrophils (5.9 × 109/L), and white blood cells (8.8 × 109/L). A multivariate 
Cox proportional-hazard regression model including PS, primary tumour in situ or resected, CEA, LDH and 

Table 1.   Patient demographics and clinical profile.

Clinical variables Study population (n = 252)

Age, (years)

Median (min, max) 67 (28–99)

Gender, n (%)

Male 154 (61%)

Female 98 (39%)

Number of metastatic sites, n (%)

1 site 96 (38%)

 > 1 site 156 (62%)

Liver metastasis

Yes 157 (62%)

No 94 (37%)

Unknown 1 (< 1%)

Performance status, n (%)

0 165 (65%)

1 72 (29%)

 ≥ 2 19 (4%)

Unknown 6 (2%)

Line of palliative chemotherapy, n (%)

First 132 (52%)

Second or later 120 (48%)

Primary tumor resected at baseline, n (%) 138 (55%)

Carcinoembryonic antigen, n (%)

 ≤ 5 ug/L 35 (14%)

 > 5 ug/L 150 (59%)

Unknown 67 (27%)

Lactate dehydrogenase, n (%)

 ≤ 205 U/L 104 (41%)

 > 205 U/L 124 (49%)

Unknown 24 (10%)

Platelets, n (%)

 ≤ 390 × 109/L 216 (86%)

 > 390 × 109/L 31 (12%)

Unknown 5 (2%)

Neutrophils, n (%)

 ≤ 5.9 × 109/mL 146 (58%)

 > 5.9 × 109/mL 51 (20%)

Unknown 55 (22%)

White blood cells, n (%)

 ≤ 8.8 × 109/mL 190 (75%)

 > 8.8 × 109/mL 57 (23%)

Unknown 5 (2%)
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cell counts was used to evaluate potential independent predictive value of the collagen biomarkers. A p-value 
of p < 0.05 was considered statistically significant. Graph design and statistical analyses were performed using 
GraphPad Prism Version 8.2 (GraphPad Software, Inc.) and MedCalc version 14 (Medcalc Software).

Ethical approval and consent to participate.  The CREBB protocol was approved by the Danish 
Regional Committee on Health Research Ethics (Approval ID: H-3-2010-121) and the Data Protection Agency 
(Approval ID: 2007–58-0015 / HEH.750.24-44). All subjects gave written informed consent in accordance with 
the Declaration of Helsinki.

Results
Biomarkers reflecting the turnover of collagen type III and VI are elevated in patients with 
mCRC​.  Figure 2 shows the distribution of the serum biomarkers PRO-C3 (n = 252), PRO-C6 (n = 252), C6M 
(n = 252) and C6Mα3 (n = 212) from patients with mCRC. Most biomarkers were elevated compared to previ-
ously reported healthy reference ranges41,44 with median biomarker levels approximately two-fold higher than 
the reference range. Patient to patient variation was observed in absolute biomarker levels ranging from PRO-
C3: 4.2–216 ng/mL (median 13.2 ng/mL), PRO-C6: 4.5–62.5 ng/mL (median 9.2 ng/mL), C6M: 5.6–130 ng/mL 
(median 20.6 ng/mL) and C6Mα3: 0.13–3.9 ng/mL (median 1.4 ng/mL).

Biomarkers reflecting the turnover of collagen type III and VI are associated with overall sur‑
vival in patients with mCRC​.  To investigate the association between the turnover of collagen type III and 
VI and OS in patients with mCRC, we assessed the prognostic potential of PRO-C3, PRO-C6, C6M and C6Mα3 
by Kaplan–Meier curves and univariate Cox proportional-hazard models. The median OS for the cohort was 
19.8  months (range, 0.1–72.5  months). Firstly, we assessed the prognostic value of the biomarkers PRO-C3 
and PRO-C6 reflecting formation of collagen type III and VI. Kaplan–Meier curves for PRO-C3 showed that 
high levels (above median) were significantly associated with poor OS (p < 0.0001, HR 2.0, 95% CI 1.54–2.64) 
(Fig. 3A). Median OS for low levels of PRO-C3 was 23.9 months and high levels of PRO-C3 was 13.0 months 
(Fig. 3A). High levels (above median) of PRO-C6 were also significantly associated with short OS (p = 0.0004, 
HR 1.6, 95% CI 1.24–2.11) (Fig. 3B). Median OS for low levels of PRO-C6 was 21.4 months versus 13.2 months 
for high levels of PRO-C6 (Fig. 3B). Next, we evaluated the prognostic value of the biomarkers C6M and C6Mα3 
reflecting degradation of collagen type VI. High levels of C6M (above median) were significantly associated with 
poor OS (p = 0.02, HR 1.4, 95% CI 1.05–1.78) (Fig. 3C). Patients with low levels of C6M had a median OS at 
18.3 months compared to 13.9 months for patients with high levels of C6M (Fig. 3C). Short OS was also signifi-
cantly associated with high levels of C6Mα3 (p = 0.003, HR 1.6, 95% CI 1.16–2.07) (Fig. 3D). Median OS for low 

Name Description Amino acid sequence

PRO-C3 N-terminal pro-peptide of collagen type IIIα1 145’CPTGPQNYSP’153

PRO-C6 C-terminal of collagen type VIα3 (endotrophin) 3168’KPGVISVMGT’3177

C6M MMP-generated epitope of collagen type VIα1 573’YRGPEGPQPG’581

C6Mα3 MMP-generated epitope of collagen type VIα3 2279’GPKGGIGNRG’2288

PRO-C3

PRO-C6

Endotrophin

C6Mα3

C6M

Figure 1.   Schematic illustration of collagen type III and type VI with descriptions of their respective biomarker 
targets.
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levels of C6Mα3 was 22.1 months and high levels of C6Mα3 was 13.2 months (Fig. 3D). To evaluate if the asso-
ciation of the collagen biomarkers with OS were independent of clinical co-variates, a multivariate Cox analysis 
was performed adjusting each collagen biomarkers for PS, primary tumour resected or in  situ, CEA, LDH, 
platelets and neutrophils. All biomarkers were still predictive of short OS when adjusting for PS and primary 
tumour resected or in situ. High levels of C6M and C6Mα3 were not independent of CEA, LDH and cell counts. 
However, PRO-C3 and PRO-C6 were still predictive of short OS when adjusting for these clinical co-variates 
(Table 2). Since approximately 50% of cases underwent other chemotherapy regimens prior to the bevacizumab-
containing regimen, patients were divided into first and second or later line of chemotherapy treatment. Here 
the relationship between biomarker levels high (> median) and low (≤ median) and OS were assessed. The same 
trends for the biomarkers, i.e. high biomarker levels associated with poor OS, were seen in both first and second 
or later line of chemotherapy treatment (Supplementary Fig S1 and S2).

Combination of collagen biomarkers has an additive effect on the prognostic value.  Since all 
four collagen biomarkers were individually prognostic for OS, we wanted to investigate the relationship between 
the markers. We therefore correlated the markers using a nonparametric Spearman correlation coefficient. There 
was a significant but modest correlation between PRO-C6 versus PRO-C3, C6Mα3 versus C6M and C6M versus 
PRO-C3. Furthermore, there was a significant but weak correlation between C6Mα3 versus PRO-C3 and C6M 
versus PRO-C6. There was no significant correlation between C6Mα3 and PRO-C6 (Fig. 4).

As there was only a modest correlation between the markers, we evaluated the prognostic capacity of com-
bining the markers. Firstly, we combined the two degradation markers C6M and C6Mα3. Patients were divided 
into three groups: low C6M and low C6Mα3, low or high C6M/C6Mα3 and high C6M and high C6Mα3. OS 
for patients with all low biomarker levels was 23.2 months compared to 11.4 months for patients with all high 
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Figure 2.   Serum levels of four different biomarkers reflecting (A) formation of collagen type III (PRO-C3), (B) 
formation of collagen type VI (PRO-C6), (C) degradation of collagen type VIα1 (C6M) and (D) degradation of 
collagen type VIα3 (C6Mα3) in patients with metastatic colorectal cancer with their respective reference range 
from healthy controls (dotted line). Black line, median. LLOD; lower limit of detection.
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biomarker levels (Fig. 5A). High biomarker levels were significantly associated with short OS (low/high or high/
low versus low/low: p = 0.3528, HR 1.19, 95% CI 0.82–1.73. High/high versus low/low: p = 0.0010, HR 1.78, 95% 
CI 1.27–2.50) (Fig. 5A). Comparable results were seen when combining the two formation markers PRO-C3 
and PRO-C6 as described above. Again, high levels were significantly associated with short OS (low/high or 
high/low versus low/low: p = 0.0091 h 1.57, 95% CI 1.12–2.20. High/high versus low/low: p < 0.0001, HR 2.21, 
95% CI 1.60–3.06) (Fig. 5B). Median OS for patients with low biomarker levels was 24.5 months compared to 
12.8 months for patients with high biomarker levels (Fig. 5B). Next, we combined PRO-C6 and C6Mα3, two 
different biomarkers targeting the alpha3 chain on type VI collagen. Patients with high levels of both biomarkers 
had a significant shorter OS than patients with low levels (low/high or high/low versus low/low: p = 0.5190, HR 
1.13, 95% CI 0.87–1.63. High/high versus low/low: p = 0.0003, HR 2.14, 95% CI 1.42–3.24) (Fig. 5C). Median 
OS for patients with low biomarker levels was 22.7 months compared to 11.4 months for patients with high 
biomarker levels (Fig. 5C). Finally, when combining all the markers the patients with high biomarker levels 
had a significant shorter OS compared to patients with low biomarker levels (low/high or high/low versus low/
low: p = 0.0279, HR 1.50, 95% CI 1.05–2.15. High/high versus low/low: p < 0.0001, HR 3.64, 95% CI 2.30–5.76) 
(Fig. 5D). Median OS for patients with low biomarker levels was 25.0 months compared to 8.4 months for patients 
with high biomarker levels (Fig. 5D). These results show that combining the different biomarkers, i.e. assessing 
the turnover of different collagens, improves the prognostic value.

Discussion and conclusion
Biomarkers reflecting the turnover of collagen type III and VI are elevated in patients with CRC, suggesting 
that this is a pathological feature in CRC​44,47. However, much less is known about the prognostic value of using 
fibrosis biomarkers in CRC and in the metastatic setting where mainly palliative care is an option.

In the present study, we assessed the ability of four serum biomarkers, reflecting the turnover of collagen type 
III and VI for predicting OS in patients with mCRC before palliative treatment with bevacizumab combined with 
standard chemotherapy. The results indicate that high levels of biomarkers reflecting collagen III (PRO-C3) and 
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Table 2.   Association between biomarker levels, clinical covariates and outcome for patients with mCRC. 
Uni- (a) and multivariate (b) cox proportional-hazards regression were used to calculate the hazard ratios 
(HR) with 95% Cl and p-values. A p-value of P < 0.05 was considered statistically significant (shown in italics). 
PS; performance status. CEA; baseline carcinoembryonic antigen. LDH; baseline lactate dehydrogenase. 
Biomarker high/low are based on median.

Variable Overall survival

a

Univariate analysis

Univariate analysis HR 95% Cl P-value

PRO-C3 Continuous 1.01 1.00–1.01  < 0.0001

High (> median) versus low (≤ median) 2.01 1.54–2.64  < 0.0001

PRO-C6 Continuous 1.02 1.00–1.04 0.0207

High (> median) versus low (≤ median) 1.62 1.24–2.11 0.0004

C6M Continuous 1.01 1.00–1.02 0.0076

High (> median) versus low (≤ median) 1.37 1.05–1.78 0.0200

C6Mα3 Continuous 1.30 1.07–1.61 0.0180

High (> median) versus low (≤ median) 1.55 1.16–2.07 0.0031

Age, per year increase Continuous 1.01 1.00–1.03 0.0708

Gender Female versus male 1.14 0.87–1.49 0.8421

Number of metastatic sites  > 1 versus 1 1.24 0.94–1.63 0.1186

Liver metastasis Yes versus no 1.07 0.81–1.14 0.6191

Performance status 1 versus 0 1.69 1.25–2.28 0.0006

 ≥ 2 versus 0 3.04 1.54–6.00 0.0014

Line of treatment Second or later versus first 1.11 0.85–1.45 0.4246

Primary resected versus in situ at baseline 0.72 0.55–0.94 0.0155

CEA High (> 5 ug/L) versus low (≤ 5 ug/mL) 1.70 1.12–2.53 0.0089

LDH High (> 205 U/L) versus low (≤ 205 U/mL) 2.13 1.59–2.84  < 0.0001

Platelets High (> 390 × 109 cells/L) versus low (390 × 109 cells/L)) 1.70 1.15–2.51 0.0086

Neutrophils High (> 5.9 × 109 cells/L) versus low (5.9 × 109 cells/L) 1.66 1.18–2.33 0.0037

White blood cells High (> 8.8 × 109 cells/L) vs. low (≤ 8.8 × 109 cells/L) 1.74 0.43–7.01 0.4378

Variables HR 95% Cl P value

b

Multivariate analysis

Adjusted for PS and primary tumor resected or in situ

PRO-C3 (high vs. low) 1.88 1.43–2.48  < 0.0001

PRO-C6 (high vs. low) 1.51 1.14–2.00 0.0041

C6M (high vs. low) 1.33 1.01–1.76 0.0411

C6Mα3 (high vs. low) 1.44 1.07–1.94 0.0158

Adjusted for CEA and LDH

PRO-C3 (high vs. low) 1.60 1.15–2.22 0.0058

PRO-C6 (high vs. low) 1.48 1.08–2.04 0.0162

C6M (high vs. low) 1.34 0.97–1.86 0.0722

C6Mα3 (high vs. low) 1.30 0.90–1.90 0.1664

Adjusted for platelets and neutrophils

PRO-C3 (high vs. low) 1.96 1.44–2.69  < 0.0001

PRO-C6 (high vs. low) 1.74 1.28–2.36 0.0004

C6M (high vs. low) 1.30 0.95–1.75 0.1057

C6Mα3 (high vs. low) 1.56 1.11–2.20 0.0103

Adjusted for PS, primary tumor resected or in situ, CEA, LDH, platelets and neutrophils

PRO-C3 (high vs. low) 1.43 0.98–2.08 0.0623

PRO-C6 (high vs. low) 1.71 1.18–2.48 0.0043

C6M (high vs. low) 1.23 0.86–1.76 0.2481

C6Mα3 (high vs. low) 1.11 0.71–1.72 0.6481
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VI (PRO-C6) formation and collagen type VI degradation (C6M and C6Mα3) is predictive of poor survival in 
patients with mCRC. Furthermore, combining these formation and degradation biomarkers, i.e. measuring the 
turnover of two different collagens, have an additive effect on the prognostic value.

Desmoplasia is an important cancer hallmark in most cancer pathologies9. In support, several clinical studies 
have shown that desmoplasia is associated with poor treatment response and shorter survival in various solid 
tumour types9,12,16–20. In CRC however, desmoplasia is a rather controversial topic. Overall, studies report con-
tradicting results showing that desmoplasia is a complex and heterogeneous reaction6,20,49–52. Nonetheless, we 
and others have shown that collagen fragments, including PRO-C3 and PRO-C6, are increased in serum from 
CRC patients, and that the levels of these fragments increase in later stages of disease43,44,47,53–55. In this study, we 
show that collagen fragments are expressed in same levels as reported before in CRC​38,44. Taken together, these 
data suggest that desmoplasia and turnover of collagen are pathological features of mCRC associated with a poor 
prognosis. Interestingly, the formation of collagen type III and VI are not increased in inflammatory bowel diseases 
such as Crohn’s disease 56 further suggesting that an increased turnover of these collagens might be cancer specific.

Supporting the present findings, biomarkers reflecting degradation and formation of collagen can possi-
bly be a useful prognostic tool for patients with solid tumours. We have previously demonstrated that bio-
markers reflecting collagen turnover are predictive of survival in malignant melanoma, breast and pancreatic 
cancer20,36,41,42,57. Currently, serum CEA is the most common molecular biomarker used in the clinic to asses 
disease status in CRC​58–60. CEA is often elevated in serum from patients with various cancers and associates with 
severity of disease, though with low sensitivity and specificity58. Interestingly, the prognostic values of PRO-C3 
and PRO-C6 reported here were independent of CEA. CEA is a measure related to cancer cells, whereas PRO-
C3 and PRO-C6 reflect different biology that are more directly linked to desmoplasia and fibroblast activity9.

In cancer pathologies, collagen type III and VI are produced by CAFs and are not just structural proteins but a 
major part of the desmoplastic reaction9. In vitro studies of collagen type III have demonstrated that cancer cells 
stimulated with this collagen have decreased E-cadherin expression, increased proliferation rate, and augmented 
migratory capacity21–23. Collagen type VI is also known for its pro-tumorigenic signalling capacity. The C5 
domain of the collagen type VIα3 chain, also called endotrophin, has been found to promote metastasis, tumour 
cell proliferation, inflammation, and cisplatin resistance in cancer cell lines and tumour mouse models24–33. In 
addition, endotrophin is believed to contribute to angiogenesis25,27,28. All patients in the present study were treated 
with bevacizumab, a monoclonal antibody targeting vascular-endothelial growth factor (VEGF). By its binding 
to VEGF, bevacizumab is thought to decrease new blood vessel formation and tumour growth61. Bevacizumab, 
in combination with chemotherapy, has shown to improve survival in patients with mCRC and is approved for 
use in a range of cancer indications61. It could be argued that collagen signalling fragments, such as endotrophin, 
could have counteractive effects on anti-VEGF targeting drugs. Thus, it could be possible that patients with high 
levels of PRO-C6, i.e. containing high levels of endotrophin, responds poorly to bevacizumab. If this is the case, 
PRO-C6 could be used in the clinic to find patients responding to bevacizumab prior to treatment.

In addition, it is thought that the desmoplastic reaction can result in a stromal barrier creating a structural 
hindrance for drug uptake in the cancer cells62. Mariathasan et. al. showed that T-cells can be trapped in the col-
lagen assembly, thereby reducing the effect of immunotherapies63. Augmented levels of collagen biomarkers could 
reflect a stromal barrier and explain the poor prognosis of patients with mCRC. In an era of precision medicine, 
it is important to develop biomarkers that can predict response to therapy, which collagen biomarkers have the 
potential to do. Recently, biomarkers reflecting turnover of collagen type III have been shown to predict which 
patients responded to anti-stromal therapy in the pancreatic cancer setting36. Likewise, it could be speculated that 

Figure 4.   Correlation between biomarker levels where compared pairwise and evaluated by the nonparametric 
Spearman correlation coefficient. ns, not significant. *p < 0.05. **p < 0.01. ***p < 0.001. ****p < 0.0001. A p < 0.05 
was considered significant.
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anti-stromal therapy in CRC could improve prognosis further. Anti-stromal therapy, such as anti-TGFß com-
pounds, has been under high attention during the last decade64. Collagen biomarkers have the potential to be used 
to asses mode of action and to predict patients responding to these classes of drugs. Furthermore, future studies 
are needed to investigate the biomarker prediction values for patients divided into specific treatment regimens.

Clearly, collagen is not just collagen, and a combination of collagen biomarkers could have the potential 
to provide additive prognostic and predictive value, as has also been shown for the combination of CEA and 
CA19-9 in CRC​59,60. We demonstrated that by quantifying the turnover of different collagen fragments, not 
simply measuring either formation or degradation of collagens, it can provide an additive effect on the prog-
nostic value. Patients with mCRC with low levels of all four collagen biomarkers survived three times longer 
compared to patients with high levels. This suggests, that desmoplasia is not just characterized by either an 
increased formation or an increased degradation of collagen, but merely an unbalanced and chaotic turnover 
of several collagens leading to poor patient outcome. Furthermore, the combination between biomarkers of the 
same alpha chains (i.e. PRO-C6 and C6Mα3) resemble an important lesson to be learned, namely that targeting 
specific neo-epitopes on a protein provide additional value rather than looking at the total pool of that one alpha 
chain either by conventional protein- and gene expression analyses. This observation could be explained by a dif-
ferential biology reflected in the specific neo-epitopes where PRO-C6 may be reflective of increased CAF activity 
and C6Mα3 may be reflective of an increased MMP-activity and enhanced inflammatory response. To confirm 
the relationship between PRO-C6 and CAFs, it would be interesting, in future studies, to correlate PRO-C6 and 
the other biomarkers, measured in this study, with the different consensus molecular subtypes (CMS), as CMS4 
has shown to be of high CAF content and respond poorly to bevacizumab65–68. Unfortunately, no histological 
data on CMS subtypes was available in this cohort of patients.

The present study needs to be validated prospectively in larger well-characterized cohorts. Of the four biomark-
ers, PRO-C3 performed best in predicting survival outcome in patients with mCRC independent of other risk 
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Figure 5.   Assessment of the prognostic potential of combining the different biomarkers by Kaplan Meier plots. 
(A) LL; low C6M and low C6Mα3, LH or HL; low C6M and high C6Mα3 or high C6M and low C6Mα3, HH; 
high C6M and high C6Mα3. (B) LL; low PRO-C3 and low PRO-C6, LH or HL; low PRO-C3 and high PRO-
C6 or high PRO-C3 and low PRO-C6, HH; high PRO-C6 and high PRO-C6. (C) LL; low PRO-C6 and low 
C6Mα3, LH or HL; low PRO-C6 and high C6Mα3 or high PRO-C6 and low C6Mα3, HH; high PRO-C6 and 
high C6Mα3. (D) LLLL; low PRO-3, PRO-C6, C6M and C6Mα3, L/H*; at least one low or high PRO-C3, PRO-
C6, C6M or C6Mα3, HHHH; high PRO-C3, PRO-C6, C6M and C6Mα3. Univariate Cox proportional-hazards 
regression was used to calculate the hazard ratios (HR) with 95% Cl and p-values. A p < 0.05 was considered 
significant.
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factors. PRO-C3 is a well-known liver fibrosis marker, and since the most common metastatic site in CRC is the 
liver, this could possibly drive the high levels of PRO-C3 seen in this study69. In this study, OS was not dependent 
on liver metastasis. Furthermore, in a large cohort of patients with pancreatic cancer, where the liver is also the 
primary metastatic site, the prognostic value of PRO-C3 was also found to be independent of liver metastasis41.

In summary, we find that biomarkers measuring the turnover of collagen type III and VI, i.e. desmoplasia and 
CAF activity, are predictive of shorter OS in patients with mCRC. This suggests an association between tumour 
fibrosis and response to treatment in patients with mCRC. Furthermore, fibrosis biomarkers might have the 
potential to be used to monitor disease status, treatment response and in tailoring treatment strategies in CRC.

Data availability
The datasets used and/or analysed during the current study are available from the corresponding author on 
reasonable request.
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