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Turnover of type I and III collagen predicts 
progression of idiopathic pulmonary fibrosis
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Abstract 

Background:  Idiopathic pulmonary fibrosis (IPF) is characterized by the accumulation of fibrillar collagens in the 
alveolar space resulting in reduced pulmonary function and a high mortality rate. Biomarkers measuring the turnover 
of type I and III collagen could provide valuable information for prognosis and treatment decisions in IPF.

Methods:  Serological biomarkers reflecting the formation of type III collagen (PRO-C3) and degradation of type I 
(C1M) and III collagen (C3M) were evaluated in a real-world cohort of 178 newly diagnosed IPF patients. Blood sam-
ples and clinical data were collected at baseline, six, and 12 months. Baseline and longitudinal biomarker levels were 
related to disease progression of IPF (defined as ≥ 5% decline in forced vital capacity (FVC) and/or ≥ 10% decline in 
diffusing capacity for carbon monoxide (DLco) and/or all-cause mortality at 12 months). Furthermore, we analysed 
differences in percentage change of biomarker levels from baseline between patients receiving antifibrotic treatment 
or not.

Results:  Increased baseline levels of type I and III collagen turnover biomarkers were associated with a greater risk 
of disease progression within 12 months compared to patients with a low baseline type I and III collagen turnover. 
Patients with progressive disease had higher serum levels of C1M (P = 0.038) and PRO-C3 (P = 0.0022) compared to 
those with stable disease over one year. There were no differences in biomarker levels between patients receiving 
pirfenidone, nintedanib, or no antifibrotics.

Conclusion:  Baseline levels of type I and III collagen turnover were associated with disease progression within 
12 months in a real-world cohort of IPF patients. Longitudinal biomarker levels of type I and III collagen turnover were 
related to progressive disease. Moreover, antifibrotic therapy did not affect type I and III collagen turnover biomarkers 
in these patients. PRO-C3 and C1M may be potential biomarkers for a progressive disease behavior in IPF.
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Background
Idiopathic pulmonary fibrosis (IPF) is characterized by 
its unknown aetiology and poor prognosis [1, 2]. The 
heterogeneous rate of disease progression complicates 
the prediction of disease course for individual patients 
[3–5]. Two approved antifibrotic drugs, nintedanib and 
pirfenidone, have been shown to reduce the decline in 
forced vital capacity (FVC) compared to placebo [6, 

7]. However, the only curative treatment for IPF is lung 
transplantation, but identification and timely referral 
of eligible patients can be a clinical challenge [8]. From 
a management and therapeutic perspective of IPF, an 
unfulfilled clinical need is a requirement to distinguish 
patients with more stable disease from those at higher 
risk of disease progression. The gender, age, and physiol-
ogy (GAP) index is indicated to predict mortality but was 
not a predictor of physiological progression [9]. Hence, 
biomarkers that could identify patients at high risk of 
disease progression or stratify patients into groups more 
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likely to benefit from antifibrotic treatment would be val-
uable tools.

A pathological hallmark of IPF is an extensive amount 
of extracellular matrix (ECM) deposition disrupting the 
lung architecture, resulting in reduction in lung volume 
and impaired gas exchange [1]. The accumulation of 
ECM components is a consequence of an ongoing tissue 
repair response to repetitive tissue injury. Among differ-
ent cell types contributing to this process, the activated 
fibroblast produces extensive amounts of ECM proteins, 
such as fibrillar collagens [10, 11]. Immune cells enhance 
protease activity, e.g. of matrix metalloproteinases 
(MMPs), which can degrade collagens, and an increased 
MMP activity has been associated with pulmonary fibro-
sis [12, 13]. Direct biochemical markers that reflect the 
underlying collagen turnover could provide additional 
information about the ongoing pathological activity as 
compared to measures of the total protein [14].

It has been reported that serological biomarkers 
reflecting type I and III collagen turnover are elevated 
in patients with progressive compared to stable IPF [15, 
16]. These biomarkers were previously measured at sev-
eral time points from baseline to six months in treat-
ment naïve IPF patients, and their trajectories beyond 
six months are therefore unknown. Furthermore, type I 
and III collagen turnover has been associated with dis-
ease progression in patients with more advanced disease 
than in those usually included in clinical trials, and it is 
therefore unknown whether this is related to disease pro-
gression in a real-world IPF cohort of more mild disease. 
Another unclear question is how antifibrotic treatment 
may influence the turnover of type I and III collagen.

The objectives of this study were to investigate (1) type 
I and III collagen turnover measured at baseline as prog-
nostic biomarkers for disease progression at 12 months, 
(2) longitudinal assessment of type I and III collagen 
turnover in stable and progressive IPF patients during a 
1-year period, and (3) whether antifibrotic therapy has an 
impact on type I and III collagen turnover.

Materials and methods
Patient cohort
The Pulmonary Fibrosis Biomarker (PFBIO) cohort 
is an ongoing, prospective cohort recruiting incident 
patients with IPF from two large interstitial lung disease 
(ILD) centers in Denmark. The PFBIO cohort has been 
described in details elsewhere [17]. The present study 
includes patients from PFBIO with data from baseline, 
six and 12 month visits. An overview of the participants 
at each visit including the type of analyses can be found 
in Additional file 1: Fig. S1. Patients were enrolled if they 
had a diagnosis of IPF according to current international 
guidelines [18, 19]. Patients were included immediately 

after their diagnosis or within maximum two months. 
All patients were treatment naïve at baseline. Nint-
edanib and pirfenidone have been available during 
the entire study period and the choice of which to pre-
scribe was made by the treating clinician based on the 
side effect profile discussed with the patients. Patients 
were grouped into treated and untreated: if they had 
received at least one dose of nintedanib or pirfenidone, 
they were in the treatment group; while patients who did 
not receive any antifibrotic treatment were considered 
untreated. Clinical measures were routinely performed as 
part of the patients’ clinical follow-up at baseline, six, and 
12 months. All patients provided written informed con-
sent and the cohort was approved by the Regional Ethics 
committee (H-16001790) and the Danish Data Protection 
Agency (HGH-2016–017). The PFBIO study was regis-
tered at http://​clini​caltr​ials.​gov (NCT02772549) on April 
29, 2016.

Serum sampling and quantification of type I and III 
collagen turnover
At baseline, six, and 12  months, serum samples were 
collected and specific operating procedures were used 
to minimize variation. Briefly, blood was collected into 
BD Vacutainer serum silica clot activator tubes and left 
undisturbed at room temperature to allow the blood 
to clot for 30–60  min. Serum was separated by cen-
trifugation at 1300×g for 10  min at 4  °C and aliquoted 
before storage at − 80  °C within 2  h from sample col-
lection. Serum samples were analysed by specific com-
petitive enzyme-linked immunosorbent assays utilizing 
neoepitope specific monoclonal antibodies for MMP-
2,9,13 mediated degradation of type I collagen (C1M, 
cat. no. 1000-01), MMP-9 mediated degradation of type 
III collagen (C3M, cat. no. 1200-01), and for the released 
N-terminal pro-peptide of type III collagen (PRO-C3, 
cat. no. 1700-03), as previously described (Nordic Biosci-
ence, Herlev, Denmark) [20–22].

Statistical analyses
Baseline characteristics were compared between groups 
using chi-squared test, t-test or ANOVA. Disease pro-
gression was defined as an absolute decline in the per-
centage of predicted FVC ≥ 5% points and/or an absolute 
decline in the percentage of predicted DLCO ≥ 10% 
points and/or all-cause mortality within 12 months.

Odds ratios for disease progression within 12  months 
were estimated with a logistic regression model. Progres-
sion status at 12 months was used as outcome and base-
line biomarker levels, age, sex, baseline FVC and DLco 
as covariates. The patients were divided into tertiles of 
biomarker levels at baseline (lower, middle and upper 
tertile).

http://clinicaltrials.gov


Page 3 of 8Jessen et al. Respir Res          (2021) 22:205 	

A linear mixed effects model was used to examine asso-
ciations between longitudinal biomarker measurements 
and disease progression. The model included log trans-
formed biomarker levels as a dependent variable and 
progression status, visit, interaction between progres-
sion status and visit, age, and sex as covariates, and used 
a compound symmetry covariance structure. Missing 
lung function data were not imputed. The model implic-
itly imputes missing biomarker data and provides valid 
inference assuming they are missing at random. Since the 
missing at random assumption may be inappropriate if 
the biomarker data are missing due to death, sensitivity 
analyses were performed by restricting the study popu-
lation to survivors only. Adjusted biomarker geometric 
means and 95% confidence interval (CI) by progression 
status over 12 months and p-values of the test of no dif-
ference in means between stable and progressive patients 
were reported.

Furthermore, differences in percentage change from 
baseline to follow-up between groups receiving antifi-
brotics or not were analysed. A similar model from the 
disease progression analyses was employed and included 
percentage change from baseline in biomarker levels as 
a dependent variable and treatment status (treated or 
untreated), visit, interaction between treatment status 
and visit, age, gender and C1M, C3M or PRO-C3 baseline 
levels as covariates.

Statistical significance was accepted at a p-value 
of < 0.05. All statistical analyses were conducted with R 
(version 4.0.4). [23].

Results
Baseline characteristics
A total of 178 patients diagnosed with IPF were included 
in the current analyses. Baseline characteristics are 
summarized in Table  1 and Additional file  1: Table  S1. 

Patients not receiving antifibrotic treatment were older 
and had shorter 6-min walk test (6MWT) distance 
at baseline, despite same level of pulmonary function 
impairment (Table  1). Twelve months after diagnosis, 
47.2% had progressive disease (Table  1). There was no 
difference in the number of patients with progressive dis-
ease between the different treatment groups (Table  1). 
There were no differences in baseline characteristics 
between progressive and stable IPF patients, while the 
change in FVC% predicted and DLco% predicted from 
baseline to 12 months were significant between progres-
sive and stable IPF patients (Additional file 1: Table S1).

Baseline levels of type I and III collagen turnover are 
associated with disease progression at 12 months
Analyses of patients divided into tertiles showed that 
compared to patients in the lower tertile, patients in the 
middle and upper baseline C1M tertiles had significantly 
higher risk of disease progression with odds ratios of 2.3 
(95% CI 1.07–5.0; P = 0.033) and 2.7 (95% CI 1.26–6.0; 
P = 0.011), respectively (Fig.  1A). Furthermore, patients 
in the middle and upper baseline PRO-C3 tertiles had 
significantly higher risk of disease progression with odds 
ratios of 2.33 (95% CI 1.10- 5.05; P = 0.028) and 2.41 
(95% CI 1.11- 5.33; P = 0.027), respectively, compared to 
patients in the lower tertile (Fig. 1B). Baseline serum lev-
els of C3M were not related to risk of disease progression 
(Fig. 1C).

In subgroup analyses, adjusting for differences in 
treatment between the biomarker tertiles, patients in 
the middle and upper baseline C1M tertiles had signifi-
cantly higher risk of disease progression with odds ratios 
of 2.29 (95% CI 1.07–5.03; P = 0.034) and 2.71 (95% CI 
1.25–6.01; P = 0.012), respectively, compared to patients 
in the lower tertile (Additional file 1: Fig. S2A). Moreover, 
patients in the middle and upper baseline PRO-C3 tertiles 
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Fig. 1  Risk of disease progression at 12 months for IPF patients. Odds ratio from IPF patients divided into tertilesfrom baseline biomarker of C1M 
(A), PRO-C3 (B) and C3M (C) are shown for the middle and upper tertilecompared to the lowest tertile. Disease progression was defined as ≥ 5% 
decline in FVC and/or ≥ 10% decline in DLco or all-cause mortality at 12 months. Data are presented as mean and 95% CI (error bars) adjusted for 
age, sex, and baseline levels of FVC and DLco. Each tertilehad n = 59–60
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had significantly higher risk of disease progression with 
odds ratios of 2.32 (95% CI 1.09–5.05; P = 0.029) and 2.33 
(95% CI 1.07–5.2; P = 0.034), respectively, compared to 
patients  in the lowest tertile (Additional file 1: Fig.S2B). 
Baseline serum levels of C3M were not related to risk of 
disease progression (Additional file 1: Fig. S2C).

Longitudinal levels of type I and III collagen turnover 
products are elevated in progressive IPF
Patients with progressive disease had significantly higher 
(P = 0.038) serum levels of C1M over 12 months with an 
average difference across all timepoints of 18% (95% CI 
1–39) compared to patients with stable disease (Fig. 2A). 
Patients with progressive disease had significantly higher 
(P = 0.0022) levels of PRO-C3 over 12  months with an 
average difference across all timepoints of 22% (95% CI 
7–38) compared to patients with stable disease (Fig. 2B). 
There was no significant difference for C3M between 
progressive and stable IPF patients (Fig.  2C). Sensitiv-
ity analyses excluding patients who died showed that 
patients with progressive disease had significantly higher 
(P = 0.029) serum levels of C1M compared to those with 
stable disease over 12 months with an average difference 
across all timepoints of 20% (95% CI 2–41) (Additional 
file  1: Fig.  S3A). Furthermore, patients with progressive 
disease had significantly higher (P = 0.0055) serum levels 
of PRO-C3 compared to those with stable disease over 
12  months with an average difference across all time-
points of 20% (95% CI 6–38) (Additional file 1: Fig. S3B). 
There was no significant difference for C3M between 
progressive and stable IPF patients (Additional file  1: 
Fig.  S3C). Moreover, we conducted subgroup analyses 
in which patients were divided into groups with stable, 

marginal, or a significant decline in FVC. For C1M there 
was a significant interaction between groups and visits 
(P = 0.00049). The interaction is driven by an initial high 
average level of C1M in the marginal decline group at 
baseline, where the average level in the marginal decline 
dominates the average levels in the significant decline 
and stable, but at six and 12  months visits the average 
level in significant decline and stable dominates the aver-
age level in marginal decline (Additional file 1: Fig. S4A). 
There was no statistical significant difference between 
patients with the stable, marginal decline or significant 
decline in PRO-C3 or C3M levels over 12 months (Addi-
tional file 1: Fig. S4B, C).

Nintedanib and pirfenidone did not modulate type I and III 
collagen turnover in IPF patients
The change from baseline of C1M, PRO-C3 or C3M were 
not altered with antifibrotic treatment over 12  months 
compared to untreated patients (Fig.  3A–C). Further-
more, in subgroup analyses comparing patients treated 
with nintedanib, pirfenidone or no treatment, there were 
no differences in change from baseline of C1M, PRO-
C3 or C3M levels over 12  months (Additional file  1: 
Fig. S5A–C).

Discussion
In patients with IPF, serum biomarkers of type I and III 
collagen turnover measured at the time of diagnosis is 
related to disease progression within one year. Moreover, 
we demonstrated that longitudinal levels of type I and III 
collagen turnover could distinguish patients with pro-
gressive disease in a real-world cohort; however, we did 
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Fig. 2  Longitudinal biomarker levels are elevated in progressive IPF patients.Serum levels of C1M (A), PRO-C3 (B) and C3M (C) are shown at 
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not detect any change in collagen turnover biomarkers in 
patients treated with antifibrotics.

Type I and III collagen are located in the interstitial 
matrix and are essential components of a healthy lung 
by providing tensile strength to the alveolar interstit-
ium [24]. IPF results from increased levels of interstitial 

collagens, changing the architecture of the airspaces in 
the lungs [25–27], and elevated type I and III collagen 
turnover has been shown to be related to disease progres-
sion in IPF patients [15, 16]. Recently, we demonstrated 
that type III collagen degradation (C3M) and formation 
(PRO-C3) are associated with disease severity at baseline 
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Fig. 3  Change from baseline over time in type I and III collagen turnover in treated and untreated IPF patients. Percent change from baseline in 
C1M (A), PRO-C3 (B) and, C3M (C) at six months and 12 months for treated (nintedanib/pirfenidone) (Dark blue) and non-treated (grey) patients 
with IPF. Data are presented as mean and 95% CI (error bars) adjusted for age, sex and baseline levels of C1M, PRO-C3 or C3M. The number of 
evaluable samples available for analysis at each time point is provided in the graph. The P-values for the interaction between visit and treatment 
status for C1M (P = 0.18), PRO-C3 (P = 0.82) and for C3M (P = 0.79)

Table 1  Baseline characteristics

SD standard deviation, BMI Body Mass Index, FVC forced vital capacity, DLCO diffusion capacity for carbon monoxide, 6MWT six-minute walk test, GAP index Gender-
Age-Physiology index, Disease progression was defined as an absolute decline in the percentage of predicted FVC ≥ 5% points and/or an absolute decline in the 
percentage of predicted DLCO ≥ 10% points and/or all-cause mortality within 12 months

Parameter All patients Nintedanib Pirfenidone No treatment P-values

N (%) 178 62 (34.8%) 80 (44.9%) 36 (20.2%)

Age, mean (SD) 73.80 (7.53) 72.16 (7.15) 73.66 (6.87) 76.92 (8.74) 0.0097

Men, n (%) 136 (76.4%) 47 (75.8%) 62 (77.5%) 27 (75.0%) 0.95

BMI, mean (SD) 27.31 (4.51) 27.62 (4.62) 27.57 (4.16) 26.16 (5.02) 0.24

FVC (L), mean(SD) 3.04 (0.86) 3.05 (0.91) 3.08 (0.83) 2.94 (0.88) 0.7

FVC (% pred), mean(SD) 89.51 (19.52) 88.48 (19.57) 90.09 (18.71) 90.00 (21.65) 0.878

DLCO (% pred), mean(SD) 52.85 (13.25) 53.81 (12.68) 52.63 (13.13) 51.58 (14.80) 0.725

Change in FVC % pred. from baseline to 
12 months, mean (SD)

0.13 (10.16) 0.20 (9.92) 0.06 (10.44) 0.15 (10.41) 0.997

Change in DLCO % pred. from baseline 
to 12 months, mean (SD)

− 5.03 (7.98) − 4.70 (6.83) − 5.37 (9.10) − 4.85 (7.34) 0.9

6MWT (meters), mean (SD) 442.61 (105.58) 475.92 (95.20) 436.09 (106.85) 390.97 (101.61) 0.0009

Smoking status, n (%) 0.039

 Never 46 (25.8%) 10 (16.1%) 25 (31.2%) 11 (30.6%)

 Active 11 (6.2%) 1 (1.6%) 6 (7.5%) 4 (11.1%)

 Former 121 (68.0%) 51 (82.3%) 49 (61.2%) 21 (58.3%)

GAP index, n (%) 0.08

 I 88 (49.7%) 34 (54.8%) 36 (45.0%) 18 (51.4%)

 II 82 (46.3%) 27 (43.5%) 42 (52.5%) 13 (37.1%)

 III 7 (4.0%) 1 (1.6%) 2 (2.5%) 4 (11.4%)

Progression at 12 months, n (%) 84 (47.2%) 27 (43.5%) 38 (47.5%) 19 (52.8%) 0.67
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and high PRO-C3 levels were related to survival [28]. In 
the current study, we investigated whether biomarkers 
of type I and III collagen turnover measured at base-
line could be used to predict risk of disease progression 
within 12  months. When we calculated odds ratios for 
all IPF patients, we found that patients belonging to the 
middle and upper tertiles of C1M or PRO-C3 had rela-
tively higher risk of disease progression than patients in 
the lower baseline tertile. These findings suggest that 
measuring formation of type III collagen or degrada-
tion of type I collagen at baseline could identify patients 
at risk of progression and help clinicians in treatment 
choice and timing. Currently, there is no biomarker or 
clinical score to predict or identify disease progression in 
IPF patients treated with antifibrotic therapy. Our find-
ings suggest that future studies of type I and III collagen 
turnover as prognostic biomarkers in IPF are warranted. 
A previous study examined whether certain biomarkers 
(CCL13, CCL18, CXCL13, COMP, periostin, and YKL40) 
measured at baseline in the CAPACITY and ASCEND 
trials could predict FVC changes in patients receiving 
pirfenidone [29]. There was no association between base-
line biomarker levels and change in FVC among patients 
treated with pirfenidone. A common limitation in bio-
marker studies is the lack of comparison of the prog-
nostic performance of different biomarkers in the same 
population. Since our data suggest that patients with a 
higher baseline type I and III collagen turnover have a 
higher risk of disease progression, it would be interesting 
to make a direct comparison of C1M and PRO-C3 with 
the above-mentioned biomarkers to verify if they could 
perform better.

Interestingly, we have recently shown that degradation 
of type III collagen (C3M) was related to disease sever-
ity at the time of diagnosis [28]. However, in the present 
analyses, it was not related to increased risk of progres-
sion, indicating that C3M is more associated with disease 
severity rather than being a prognostic biomarker in this 
population. However, previous studies indicate that C3M 
may be a prognostic biomarker in patients with more 
progressive disease [15].

Next, we investigated longitudinal biomarker lev-
els in stable and progressive IPF patients and showed 
that degradation of type I collagen and formation of 
type III collagen was elevated in patients with progres-
sive IPF compared to stable IPF over a one year period. 
This is in line with results from a previous study where 
C1M and PRO-C3 levels were elevated at several time 
points from baseline to six months [15, 16]. In the pre-
sent study, elevated levels of C1M and PRO-C3 were also 
measured at 12  months and this confirms and expands 
on previous findings that degradation of type I collagen 
and formation of type III collagen are associated with 

disease progression in a real-world cohort of patient with 
IPF and moderate disease severity. The present analy-
ses used a less strict definition of progression to include 
patients with marginal physiological progression of dis-
ease, which have been shown to predict mortality in IPF 
patients [30–32]. Moreover, we did not find any differ-
ence in longitudinal levels of type III collagen degrada-
tion (C3M) between progressive and stable IPF patients, 
also in line with previous findings [16]. In contrast, it 
has been shown that C3M levels were increased in pro-
gressive patients [15]. The differences between the stud-
ies could be due to differences in baseline demographics 
among the patients recruited to the cohorts. In addition, 
patients in the British cohort did not receive antifibrotic 
treatment, while most patients in the PFBIO cohort were 
treated with pirfenidone or nintedanib after the base-
line visit. We find it interesting that a degradation frag-
ment of type I collagen was related to disease progression 
while a degradation fragment of type III collagen was not. 
This may be explained by the fact that C1M is generated 
with different matrix metalloproteinases (MMP-2, -9 
and -13) and C3M is only generated with MMP-9, what 
may clarify the reason why C1M is related to progression 
and C3M is not. Degradation of type I collagen (C1M) 
and formation of type III and VI collagen (PRO-C3 and 
PRO-C6) have consistently been shown to be promising 
biomarkers for disease progression and these biomarkers 
may reflect and predict fibrotic changes in the lung [15, 
16, 28]. We hope future studies will validate our findings.

Finally, we compared percentage change from baseline 
of type I and III collagen turnover in patients receiving 
antifibrotic therapy or not. Surprisingly, we did not find 
any differences in biomarker levels at any time points. 
Furthermore, we did not find any differences in bio-
marker levels between patients treated with nintedanib 
or pirfenidone. This could indicate that type I and III 
collagen turnover is not influenced by current antifi-
brotic treatments, yet the results need to be confirmed in 
other studies with a broader group of untreated patients. 
Patients without antifibrotic therapy in the present study 
were a highly selected group with higher age and shorter 
6MWT distance compared to patients on antifibrotic 
therapy and this could potentially influence the results. 
However, our results are in line with the INMARK study 
where C1M and C3M were not modulated by nintedanib 
[33]. The patients included in the INMARK study and 
the PFBIO cohort had mild disease, however, the placebo 
group in the INMARK study showed a decline in FVC, 
while most patients from the PFBIO cohort had stable 
FVC over 12 months. In contrast to pirfenidone and nin-
tedanib, it was shown in a small proof of concept study 
that treatment with omipalisib in IPF patients reduced 
the levels of type III collagen formation [34]. This 



Page 7 of 8Jessen et al. Respir Res          (2021) 22:205 	

potential antifibrotic treatment has a different mode of 
action in comparison to nintedanib and pirfenidone, and 
it is tempting to consider combinations of antifibrotics 
targeting different pathways of the fibrotic cascade.

A clear strength of this study is the prospective, longi-
tudinal design which makes it possible to associate bio-
markers with disease progression over time. Another 
advantage is the large number of participants. Patients 
were included in PFBIO from two of Denmark’s special-
ized ILD centers, and this makes the study representa-
tive of a broad IPF population. In addition, a significant 
strength is that the collection of blood samples was 
standardized to minimize variation between samples. On 
the other hand, a weakness of the current study is that 
analyses were only performed in a single cohort with 
no validation cohort. The pulmonary function was sta-
ble for over one year in treated and untreated patients, 
and this may explain why the biomarker was stable over 
12 months. In addition, it would be interesting to follow 
patients for more than a year.

In conclusion, type I and III collagen turnover meas-
ured at the time of diagnosis is related to disease pro-
gression within one year in patients with IPF. Moreover, 
longitudinal serum levels of type I and III collagen turno-
ver appear to distinguish IPF patients with progressive 
disease from patients with stable disease. This could 
provide valuable information for clinicians to identify 
patients at high risk of disease progression. In addition, 
treatment with the antifibrotics nintedanib and pirfeni-
done does not affect serum biomarkers of type I and III 
collagen turnover in this population.

Abbreviations
BMI: Body mass index; CI: Confidence interval; C1M: Collage type 1 degraded 
by matrix metalloprotease; C3M: Collagen type 3 degraded by matrix metal-
loprotease; DLco: Diffusion capacity for carbon monoxide; ECM: Extra cellular 
matrix; FVC: Forced vital capacity; GAP index: Gender, age, and physiology 
index; ILD: Interstitial lung disease; IPF: Idiopathic pulmonary fibrosis; MMP: 
Matrix metalloprotease; PFBIO: Pulmonary Fibrosis Biomarker; PRO-C3: Col-
lagen synthesis neoepitopes for collagen-type 3; 6MWT: 6-Minute walk test.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12931-​021-​01801-0.

Additional file 1. Additional figures and table.

Acknowledgements
The authors acknowledge all patients, medical, nursing, and technical staff 
involved in the PFBIO cohort, as well as the technical staff responsible for the 
biomarker measurements.

Authors’ contributions
All authors participated in data analyses and interpretation. HJ and PF had 
primary responsibility for statistical analyses. NH, SBS, TSP and EB have gener-
ated the PFBIO cohort and NH and TSP collected the data. SBS, JMBS and 

DJL contributed with continuous academic guidance and support during 
the study. HJ drafted the manuscript. All authors read and approved the final 
manuscript.

Funding
The clinical study performed at Gentofte and Aarhus Hospital was sponsored 
by Roche A/S, Boehringer Ingelheim and Trygfonden. The biomarker analyses 
were partly funded by the Danish Agency for Science, Technology and 
Innovation; and the Danish Research Foundation. None of the funding sources 
had any involvement in the study design, in the collection, analyses and 
interpretation of data, in the writing of the article or in the decision to submit 
the article for publication.

Availability of data and materials
The datasets generated and/or analysed during the current study are not 
publicly available due to restrictions by the Danish data protection laws but 
are available from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All patients provided written informed consent and the cohort was approved 
by the Regional Ethics committee (H-16001790) and the Danish Data Protec-
tion Agency (HGH-2016–017). The PFBIO study was registered at http://​clini​
caltr​ials.​gov (NCT02772549) on April 29, 2016.

Consent for publication
Not applicable.

Competing interests
HJ, PF,, MAK, DJL and JMBS are employed by Nordic Bioscience, Biomarkers 
and Research. MAK, DJL and JMBS are shareholders in Nordic Bioscience. None 
of the authors from Nordic Bioscience received any kind of financial benefits 
or other bonuses for the work described in this manuscript. NH reports grants 
from Roche a/s, Skibsreder Per Henriksen, R. og Hustrus Fond, and from Aase 
og Ejnar Danielsens Fond, during the conduct of the study. TSP reports grants 
from Boehringer Ingelheim, during the conduct of the study; personal fees 
from Roche A/S, personal fees from Boehringer Ingelheim, outside the submit-
ted work. EB reports grants, personal fees and other from Roche, grants, per-
sonal fees and other from Boehringer Ingelheim, outside the submitted work.

Author details
1 Biomarkers and Research, Nordic Bioscience, Herlev, Denmark. 2 Department 
of Respiratory Medicine, Herlev and Gentofte University Hospital, Copen-
hagen, Denmark. 3 Department of Respiratory Diseases and Allergy, Aarhus 
University Hospital, Aarhus, Denmark. 

Received: 6 May 2021   Accepted: 11 July 2021

References
	1.	 Lederer DJ, Martinez FJ. Idiopathic Pulmonary Fibrosis. N Engl J Med. 

2018;378:1811–23.
	2.	 Wuyts WA, et al. The pathogenesis of pulmonary fibrosis: a moving 

target. Eur Respir J. 2013;41:1207–18.
	3.	 Ley B, Collard HR, King TE. Clinical course and prediction of sur-

vival in idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 
2011;183:431–40.

	4.	 Ley B, et al. Predictors of mortality poorly predict common measures of 
disease progression in idiopathic pulmonary fibrosis. Am J Respir Crit 
Care Med. 2016;194:711–8.

	5.	 Wuyts WA, et al. Idiopathic pulmonary fibrosis: best practice in 
monitoring and managing a relentless fibrotic disease. Respiration. 
2020;99:73–82.

	6.	 King TE, et al. A phase 3 trial of pirfenidone in patients with idiopathic 
pulmonary fibrosis. N Engl J Med. 2014;370:2083–92.

https://doi.org/10.1186/s12931-021-01801-0
https://doi.org/10.1186/s12931-021-01801-0
http://clinicaltrials.gov
http://clinicaltrials.gov


Page 8 of 8Jessen et al. Respir Res          (2021) 22:205 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	7.	 Richeldi L, et al. Efficacy and safety of nintedanib in idiopathic pulmonary 
fibrosis: supplementary appendix. N Engl J Med. 2014. https://​doi.​org/​10.​
1056/​NEJMo​a1402​584.

	8.	 George PM, Patterson CM, Reed AK, Thillai M. Lung transplantation for 
idiopathic pulmonary fibrosis. Lancet Respir Med. 2019;7:271–82.

	9.	 Ley B, et al. A Multidimensional index and staging system for idiopathic 
pulmonary fibrosis. Ann Intern Med. 2012;156:684.

	10.	 Hardie WD, Glasser SW, Hagood JS. Emerging concepts in the pathogen-
esis of lung fibrosis. Am J Pathol. 2009;175:3–16.

	11.	 Kuhn C, McDonald JA. The roles of the myofibroblast in idiopathic pulmo-
nary fibrosis: ultrastructural and immunohistochemical features of sites of 
active extracellular matrix synthesis. Am J Pathol. 1991;138:1257–65.

	12.	 McKleroy W, Lee TH, Atabai K. Always cleave up your mess: Targeting col-
lagen degradation to treat tissue fibrosis. Am J Physiol. 2013;304:L709.

	13.	 Pardo A, Selman M, Kaminski N. Approaching the degradome in idi-
opathic pulmonary fibrosis. Int J Biochem Cell Biol. 2008;40:1141–55.

	14.	 Karsdal MA, et al. Review article: the efficacy of biomarkers in chronic 
fibroproliferative diseases - early diagnosis and prognosis, with liver 
fibrosis as an exemplar. Aliment Pharmacol Ther. 2014;40:233–49.

	15.	 Gisli JR, et al. Longitudinal change in collagen degradation biomarkers 
in idiopathic pulmonary fibrosis: an analysis from the prospective, multi-
centre PROFILE study. Lancet Respir Med. 2015. https://​doi.​org/​10.​1016/​
S2213-​2600(15)​00048-X.

	16.	 Organ LA, et al. Biomarkers of collagen synthesis predict progres-
sion in the PROFILE idiopathic pulmonary fibrosis cohort. Respir Res. 
2019;20:1–10.

	17.	 Nils H, et al. Risk factors for diagnostic delay in idiopathic pulmonary 
fibrosis. Respir Res. 2019;20:103.

	18.	 Raghu G, et al. An Official ATS/ERS/JRS/ALAT statement: idiopathic pul-
monary fibrosis: evidence-based guidelines for diagnosis and manage-
ment. Am J Respir Crit Care Med. 2011. https://​doi.​org/​10.​1164/​rccm.​
2009-​040GL.

	19.	 Raghu G, et al. Diagnosis of idiopathic pulmonary fibrosis An Official 
ATS/ERS/JRS/ALAT Clinical practice guideline. Am J Respir Crit Care Med. 
2018;198:e44–68.

	20.	 Barascuk N, et al. A novel assay for extracellular matrix remodeling associ-
ated with liver fibrosis: an enzyme-linked immunosorbent assay (ELISA) 
for a MMP-9 proteolytically revealed neo-epitope of type III collagen. Clin 
Biochem. 2010;43:899–904.

	21.	 Leeming DJ, et al. A novel marker for assessment of liver matrix 
remodeling: an enzyme-linked immunosorbent assay (ELISA) detect-
ing a MMP generated type I collagen neo-epitope (C1M). Biomarkers. 
2011;16:616–28.

	22.	 Nielsen MJ, et al. The neo-epitope specific PRO-C3 ELISA measures true 
formation of type III collagen associated with liver and muscle param-
eters. Am J Transl Res. 2013;5:303–15.

	23.	 R Core Team. R: A language and environment for statistical computing. 
R Foundation for Statistical Computing. Vienna, Austria. https://​www.r-​
proje​ct.​org/; 2021.

	24.	 Burgess JK, Weckmann M. Matrikines and the lungs. Pharmacol Ther. 
2012;134:317–37.

	25.	 Raghu G, Striker LJ, Hudson LD, Striker GE. Extracellular matrix in normal 
and fibrotic human lungs. Am Rev Respir Dis. 1985;131:281–9.

	26.	 Kuhn C, et al. An immunohistochemical study of architectural remodeling 
and connective tissue synthesis in pulmonary fibrosis. Am Rev Respir Dis. 
1989;140:1693–703.

	27.	 Matera DL, et al. Microengineered 3D pulmonary interstitial mimetics 
highlight a critical role for matrix degradation in myofibroblast differen-
tiation. Sci Adv. 2020;6:eabb5069.

	28.	 Hoyer N, et al. High turnover of types III and VI collagen in progressive 
idiopathic pulmonary fibrosis. Respirology Resp. 2021. https://​doi.​org/​10.​
1111/​resp.​14056.

	29.	 Neighbors M, et al. Prognostic and predictive biomarkers for patients 
with idiopathic pulmonary fibrosis treated with pirfenidone: post-hoc 
assessment of the CAPACITY and ASCEND trials. Lancet Respir Med. 2018. 
https://​doi.​org/​10.​1016/​s2213-​2600(18)​30185-1.

	30.	 Zappala CJ, et al. Marginal decline in forced vital capacity is associated 
with a poor outcome in idiopathic pulmonary fibrosis. Eur Respir J. 
2010;35:830–5.

	31.	 Du Bois RM, et al. Ascertainment of individual risk of mortality for 
patients with idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 
2011;184:459–66.

	32.	 Paterniti MO, et al. Acute exacerbation and decline in forced vital capacity 
are associated with increased mortality in idiopathic pulmonary fibrosis. 
Ann Am Thorac Soc. 2017;14:1395–402.

	33.	 Maher TM, et al. Biomarkers of extracellular matrix turnover in patients 
with idiopathic pulmonary fibrosis given nintedanib (INMARK study): a 
randomised, placebo-controlled study. Lancet Respir Med. 2019;7:771–9.

	34.	 Nanthakumar CB, et al. Omipalasib Modulates Extracellular Matrix Turno-
ver in IPF Patients: Exploratory Biomarker Analysis from a Phase I Proof of 
Mechanism Study. In: American Thoracic Society International Conference 
Meetings Abstracts American Thoracic Society International Conference 
Meetings Abstracts A7301–A7301 (American Thoracic Society, 2019). 
https://​doi.​org/​10.​1164/​ajrccm-​confe​rence.​2019.​199.1_​meeti​ngabs​tracts.​
a7301

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1056/NEJMoa1402584
https://doi.org/10.1056/NEJMoa1402584
https://doi.org/10.1016/S2213-2600(15)00048-X
https://doi.org/10.1016/S2213-2600(15)00048-X
https://doi.org/10.1164/rccm.2009-040GL
https://doi.org/10.1164/rccm.2009-040GL
https://www.r-project.org/
https://www.r-project.org/
https://doi.org/10.1111/resp.14056
https://doi.org/10.1111/resp.14056
https://doi.org/10.1016/s2213-2600(18)30185-1
https://doi.org/10.1164/ajrccm-conference.2019.199.1_meetingabstracts.a7301
https://doi.org/10.1164/ajrccm-conference.2019.199.1_meetingabstracts.a7301

	Turnover of type I and III collagen predicts progression of idiopathic pulmonary fibrosis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Patient cohort
	Serum sampling and quantification of type I and III collagen turnover
	Statistical analyses

	Results
	Baseline characteristics
	Baseline levels of type I and III collagen turnover are associated with disease progression at 12 months
	Longitudinal levels of type I and III collagen turnover products are elevated in progressive IPF
	Nintedanib and pirfenidone did not modulate type I and III collagen turnover in IPF patients

	Discussion
	Acknowledgements
	References


