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Background: Bone formation markers c-terminal telopeptide of type I collagen (1CTP) and peptides 
n-terminal propeptide of type I procollagen (P1NP) were reported to be increased in patients with prostate 
cancer (PC) and bone metastases. The objective of the presented study was to investigate the utility of 
serum 1CTP and P1NP values in the diagnosis of bone metastases and in predicting oncological outcome in 
patients with PC.
Methods: In total, serum samples of 186 patients were included retrospectively including 53 (28.50%) benign 
prostatic hyperplasia (BPH) patients and 133 (71.50%) PC-patients. The group of patients with PC consisted 
of 58 patients with non-metastatic PC (cM0) (43.61%) and 70 (52.63%) patients with bone metastases (cM1b). 
Serum 1CTP and P1NP were measured by radioimmunoassay (RIA). Results were compared to clinical 
variables including oncologic follow-up data by univariate and multivariate analyses.
Results: Median 1CTP concentrations were significantly higher in patients with PC compared to the 
BPH group [5.08 (range, 1.73–158.00) vs. 4.00 (range, 2.18–34.19) µg/L, P=0.019]. However, no significant 
difference of P1NP levels could be shown for these groups. With median values of 6.04 (1.73–158.00) and  
3.91 µg/L (2.04–34.51) for 1CTP and 48.60 (9.12–1,074.37) and 33.90 (8.72–149.30) for P1NP both markers 
were altered in cM1b patients compared to cM0 patients (P=0.001 each). Furthermore, cancer-specific survival 
(CSS) and overall survival (OS) were significantly shorter in cM1b patients with higher 1CTP concentrations 
(P=0.037 and P=0.019, respectively), whereas no associations of P1NP and outcomes were observed.
Conclusions: The present study confirms that increased levels of 1CTP and P1NP concentrations are 
associated with presence of metastatic disease in the bone. Moreover, these markers are able to predict 
clinical course in PC patients with bone metastases. The potential use of these markers for treatment 
selection in advanced PC remains to be determined.
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Introduction

Early detection of bone metastases in PC can help to avoid 
severe complications and influence patient’s quality of life 
(1,2). The two marker peptides n-terminal propeptide 
of type I procollagen (P1NP) and c-terminal telopeptide 
of type I collagen (1CTP) derive from bone metabolism 
and are increased in case of elevated bone turnover due 
to metastatic bone disease (3-5). Hence, measurement of 
1CTP and P1NP may help to identify patients with bone 
metastases. Furthermore, a potential correlation of these 
markers with survival, disease progression and skeletal-
related events (SRE) has been shown (6,7). P1NP has been 
successfully investigated as an indicator for the presence of 
a carcinoma of the prostate with osseous metastases (3,8-10). 
Moreover, the metabolic product of type I collagen 1CTP 
was shown to be helpful in the early detection of bone 
lesions in prostate, lung and breast cancer and has been 
shown to be associated with outcomes (3,5,11,12).

Although the results of previous studies are promising 
P1NP and 1CTP are not considered as standard markers 
in clinical routine so far. The objective of the presented 
study was to validate the utility of the bone turnover 
markers P1NP and 1CTP in differentiating patients with 
and without bone metastases from prostate cancer (PC). 
Furthermore, we aimed to assess potential associations 
between levels of these bone turnover markers and outcome 
of patients with advanced PC. We present the following 
article in accordance with the REMARK reporting checklist 
(available at http://dx.doi.org/10.21037/tau-20-1120).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The informed 
consent was obtained from all patients. The study was 
approved by the institutional review board of the Eberhard-
Karls-University Tübingen, Germany (643/2015 BO1). 
A total number of 186 patients with histologically 
proven benign prostatic hyperplasia (BPH) (histology by 
transurethral prostate resection or prostate biopsy) or PC 
were included retrospectively in this study. Between 2002 
and 2007, the bone metabolism markers P1NP and 1CTP 
were determined during the regular clinical examination 
at the Department of Urology, Tübingen. Patients with 
PC were subdivided in patients with verified PC without 
evidence of bone metastases (PCcM0) and patients 
with radiologically proven bone metastases (PCcM1b).  

Five patients could not be assigned to one of these groups 
at the time of blood taking. In addition to the age and 
prostate-specific antigen (PSA)-value, other parameters such 
as primary tumor treatment, Gleason score, T- and M-stage, 
the medical treatment at the time of blood collection and 
the death rate were determined. The medical treatment at 
the time of blood collection includes both the androgen 
deprivation therapy (ADT) (nonsteroidal antiandrogens and 
gonadotropin-releasing hormone agonists) and the therapy 
with bisphosphonates. The follow-up regarding cancer-
specific survival (CSS) and overall survival (OS) was carried 
out by reviewing the database of the University Hospital 
Tübingen, the Cancer Comprehensive Center Tübingen 
and a questionnaire for patient’s general practitioners and 
urologists.

The patient characteristics of the different groups of 
patients with BPH, PC total, PCcM0 and PCcM1b are 
listed in Table 1.

The determination of 1CTP and P1NP was carried out 
by competitive radioimmunoassay (125I RIA kits UniQ, 
#67034 for P1NP and #68601 for 1CTP, Matritech, 
Freiburg, Germany) according to the user instructions 
provided by Orion Diagnostica Oy, Espoo (Finland). 
A calibration curve with the aid of semi-logarithmic 
millimeter paper was used as method of calculation of the 
respective peptide concentrations.

Results were compared to clinical and histopathological 
data by Wilkoxon/Kruskal-Wallis-tests. To evaluate CSS 
and OS Kaplan Meier estimates and log-rank tests were 
used. Univariate and multivariate Cox regression analyses 
were performed including 1CTP, PSA doubling time (length 
of time in months for the PSA level to double), age and type 
of metastases (M1b only versus additional M1a or M1c) and 
compared to CSS and OS. JMP 7.0® software was used and 
P values P<0.05 were considered significant.

Results

In 133 patients (71.50%), PC was histologically diagnosed, 
whereas 53 (28.50%) patients were included with 
histologically proven BPH. The PC subgroups contained 
58 (43.61%) PCcM0 and 70 (52.63%) PCcM1b patients. 
In 5 (3.76%) patients the M-status was unknown at time 
of blood sampling. The mean age of the total cohort was 
66.70 (range, 43–86) years, 66.25 (range, 43–81) years in 
PC patients and 67.79 (range, 49–80) years in patients  
with BPH.

Eighteen (25.71%) out of 70 patients who had bone 
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metastases at the time of 1CTP and P1NP examination 
were already receiving bisphosphonate therapy. Likewise, 
18 (25.71%) patients had an antihormonal treatment at the 
time of blood collection. In 33 (24.81%) of all PC patients, 
additional extraregional lymph node metastases (M1a,  
28 patients, 21.1%) or visceral metastases (M1c, 5 patients, 

3.8%) were seen during the disease course.
The  median  fo l low-up  per iod  was  60  ( range ,  

6–186) months in PCcM0 patients and 40 (range,  
1–142) months in PCcM1b patients. Follow-up could not 
be assessed in 15 patients (11.28%).

The different serum concentrations of 1CTP und P1NP 

Table 1 Patient characteristics of the total collective (n=186) subdivided into the following subgroups: BPH, PC total, PCcM0 and PCcM1b

Parameters BPH PC total PCcM0 PCcM1b

Patients total, n (%) 53 (28.50) 133 (71.50) 58 (31.20) 70 (52.63)

Age/years, mean [range] 67.79 [49–80] 66.25 [43–81] 66.19 [48–80] 66.37 [43–81]

PSA ng/mL, mean (range) 3.06 (0.15–13.40) 247.10 (0.04–6,540.00) 29.60 (<0.04–348.00) 542.60 (1–6,540.00)

Primary treatment, n (%) TURP/prostate biopsy

Radical prostatectomy 60 (45.11) 34 (58.62) 25 (35.71)

Radiotherapy of the prostate 11 (8.27) 8 (13.90) 3 (4.29)

Palliative TURP 10 (7.50) 3 (5.17) 7 (10.00)

ADT 39 (29.32) 6 (10.34) 32 (45.71)

No/unknown therapy 13 (9.80) 7 (12.06) 3 (4.29)

Gleason score, n (%)

6 15 (11.28) 8 (13.90) 6 (8.57)

7 23 (17.29) 12 (20.69) 10 (14.28)

8–10 24 (18.05) 7 (12.06) 15 (21.43)

Unknown 71 (53.38)

T-stage, n (%)

T1–2 39 (29.32) 20 (34.48) 18 (25.71)

T3 38 (28.60) 9 (15.52) 27 (38.57)

T4 10 (7.50) 4 (6.90) 6 (8.57)

Unknown 46 (34.58)

M-status, n (%)

M1a/M1c 33 (24.81)

Treatment at time of blood collection, n (%)

ADT 20 (15.00) 1 (1.72) 18 (25.71)

Bisphosphonate therapy 32 (24.10) 14 (24.14) 18 (25.71)

Death, total, n (%) 69 (51.88) 13 (22.41) 54 (77.14)

PC dependent 50 (37.60) 8 (13.79) 41 (58.57)

PC independently 5 (3.70) 3 (5.17) 1 (1.43)

Unknown 14 (10.53) 2 (3.45) 12 (17.14)

BPH: benign prostatic hyperplasia; PC total: patients with prostate cancer; PCcM0: patients with PC without bone metastases; PCcM1b: 
patients with PC and bone metastases. PSA, prostate-specific antigen; TURP, transurethral resection of the prostate; ADT, androgen 
deprivation therapy; M1a, extraregional metastases; M1c, visceral metastases.
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are listed in Table 2.

1CTP and P1NP

Median serum concentrations of 1CTP were significantly 
higher in PC compared to patients with BPH [5.08 (range, 
1.73–158.00) vs. 4.00 (range, 2.18–34.19) µg/L respectively, 
P=0.019 (Figure 1A). The measured median serum 
concentration of P1NP was 41.49 (range, 8.72–1,074.37) in 
PC total and 38.25 (range, 11.7–247.52) µg/L in patients with 
BPH without significant differences, P=0.455 (Figure 1B).

In patients with PC, the median serum concentration 
of 1CTP was significantly higher in PCcM1b patients 
compared to the PCcM0 group [6.04 (range, 1.73–158.00) 
vs. 3.91 (range, 2.04–34.51) µg/L, P=0.001 (Figure 2A). The 
median value of the P1NP determination was significantly 
higher in the PCcM1b group compared to the PCcM0 
group and was 48.60 (range, 9.12–1,074.37) vs. 33.90 (range, 
8.72–149.30) µg/L, P=0.001 (Figure 2B).

In PCcM1b patients, CSS was significantly shorter in the 
group with 1CTP concentrations above the median [median 
serum concentration of 6.04 µg/L, P=0.037 (Figure 3A). 

The survival rates for 2 and 5 years were 50% and 33% in 
patients with 1CTP concentration above the median and 
75% and 52% in patients with 1CTP concentrations below 
the median respectively.

OS was significantly shorter in PCcM1b and 1CTP ≥ 
the median of 6.04 µg/L compared to patients with 1CTP 
< the median, P=0.019. With regard to CSS and OS, 
neither a significant correlation in patients with P1NP 
≥ the median (P=0.214 and P=0.281, respectively), nor a 
higher risk of cancer-specific mortality and overall mortality 
could be verified (HR =1.52, 95% CI, 0.78–3.02; P=0.214 
and HR =1.52, 95% CI, 0.86–2.72; P=0.147, respectively),  
(Figure 3B and Figure 4A,B).

The average survival rates for 2 and 5 years revealed 47% 
and 27% in patients with 1CTP ≥ the median and 72% and 
54% in patients with 1CTP less than the median.

Patients with higher 1CTP concentrations showed a 
significantly elevated risk for cancer-specific mortality 
compared to the group with 1CTP concentration below 
the median, HR =2.15 (95% CI, 1.06–4.81), P=0.032. 
Moreover, the risk for overall mortality was higher in 
patients with elevated 1CTP serum concentrations, HR 

Table 2 Serum concentrations (median and range) of 1CTP und P1NP in the different groups: BPH, PC total, PCcM0, PCcM1b

Parameters BPH PC total PCcM0 PCcM1b

ICTP µg/L (RIA), median (range) 4.00 (2.18–34.19) 5.08 (1.73–158.00) 3.91 (2.04–34.51) 6.04 (1.73–158.00)

PINP µg/L (RIA), median (range) 38.25 (11.70–247.52) 41.49 (8.72–1,074.37) 33.90 (8.72–149.30) 48.60 (9.12–1,074.37) 

BPH: benign prostatic hyperplasia; PC total: patients with prostate cancer; PCcM0: patients with PC without bone metastases; PCcM1b: 
patients with PC and bone metastases. 1CTP, c-terminal telopeptide of type I collagen; P1NP, peptides n-terminal propeptide of type I 
procollagen; RIA, radioimmunoassay.
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Figure 1 Differences in median 1CTP (A) and P1NP (B) concentrations in all patients with BPH and PC. 1CTP, c-terminal telopeptide of 
type I collagen; P1NP, peptides n-terminal propeptide of type I procollagen; BPH, benign prostatic hyperplasia; PC, prostate cancer; RIA, 
radioimmunoassay.
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=2.15 (95% CI, 1.14–4.41), P=0.0161. Multivariate analysis 
showed only ‘additional M1a/M1c’ to be an independent 
risk factor for OS (P=0.015), Table 3.

Discussion

Clinical data about the use of bone markers are limited (7). 
Although the bone formation markers 1CTP and P1NP 
are already used in oncology, they are not considered as 
standard markers in clinical routine so far (3,9). The aim 
of the presented study was to investigate levels of bone 
turnover markers P1NP and 1CTP in patients with PC and 
benign controls and correlate levels with clinical stage and 

outcome. The measured median serum concentrations of 
1CTP were significantly higher in PC compared to patients 
with BPH (P=0.0195). In accordance with these findings, 
Yoshida et al. have also demonstrated that the measured 
serum concentration for 1CTP was significantly higher in 
the group of patients with PC regardless of their status of 
bone metastasis compared to the group of patients with 
BPH (13). Another study group showed higher 1CTP 
concentrations in PC patients with and without bone 
lesions compared to BPH patients (14). The fact that bone 
formation markers are higher in patients with PC can be 
explained by tumor cell induced “osteomimicry” which 
can alter the physiology of the osteoblasts. This results 

Figure 2 Median serum concentrations of 1CTP (A) and P1NP (B) in patients with (M1b) and without bone metastases (M0). 1CTP, 
c-terminal telopeptide of type I collagen; P1NP, peptides n-terminal propeptide of type I procollagen; RIA, radioimmunoassay.
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Figure 3 Kaplan-Meier curves for CSS in patients with bone metastases and 1CTP (A) and P1NP (B) measurement. Blue curves: marker 
concentration ≥ median, red curves: marker concentration < median value. CSS, cancer-specific survival; 1CTP, c-terminal telopeptide of 
type I collagen; P1NP, peptides n-terminal propeptide of type I procollagen.
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in the expression of bone markers, matrix proteins and 
paracrine factors (15). Other data show, that P1NP could 
also be applied in the early detection of bone metastases. 
In contrast to previously published data with on P1NP and 
PC we could not detect any significant differences between 
patients with PC and BPH (16). However, the median 
concentration for P1NP in the investigated group was 
significantly below that of the other studies. This can be 
explained by a possible different metastasis load and thus a 
missing significant difference to patients with BPH (16).

With regards to P1NP and 1CTP as markers for bone 
metastases, we could confirm that both markers were able 
to distinguish between PC-patients with and without bone 
metastases. These data are congruent to other authors’ 
results. Several authors showed that patients with PC and 
bone metastases had a significantly higher P1NP levels than 
those without bone metastases (10,17). Furthermore, serum 

concentrations of P1NP and 1CTP correlated significantly 
with metastases in bone scans (13). In comparison to 
imaging methods such as CT or bone scans, these two serum 
markers are easier to access, less expensive and without 
any side effects such as radiation exposure or contrast 
media induced renal insufficiency. However, a disadvantage 
compared to imaging is the lack of correlation with lymph 
nodes or visceral metastases. During the disease course, a 
downward trend of these markers has been shown when 
ADT was used in PC patients and bone metastases (13).  
This allows an additional monitoring, especially when 
P1NP and 1CTP are used serially in PC patients and bone 
metastases (13). Another advantage of this marker for 
osteoblastic bone activity is that it is apparently independent 
of the local tumor occurrence and visceral metastases (16).  
Furthermore, P1NP could also be applied in the early 
detection of bone metastases. In this context, a study published 

Table 3 Cox regression analyses for CSS and OS in patients with prostate cancer

Parameters
CSS OS

HR 95% CI P value HR 95% CI P value

1CTP-RIA ≥ median vs. < median 1.69 0.65–5.24 0.296 1.52 0.63–4.25 0.362

PSA-DT ≥6 vs. <6 months 1.38 0.53–3.66 0.503 1.36 0.58–3.21 0.475

≥ Age median vs. < age median in PCcM1b 1.80 0.71–4.55 0.214 1.41 0.62–3.18 0.400

M1b only vs. additional M1a or M1c 3.04 0.93–9.70 0.065 3.63 1.30–10.07 0.015

CSS, cancer-specific survival; OS, overall survival; PSA, prostate-specific antigen; DT, doubling time; M1b, bone metastases; M1a,  
extraregional lymph node metastases; M1c, visceral metastases.
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Figure 4 Kaplan-Meier curve for OS in patients with bone metastases and 1CTP (A) and P1NP (B) measurement. Blue curves: marker 
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by Koopmans et al. verified that increased P1NP values 
may occur in patients with bone metastases up to 8 months 
before lesions can be detected by bone scintigraphy (3).  
In addition to P1NP we could also show the diagnostic 
potential of 1CTP for bone metastases in patients with PC. 
This seems to correspond with the data of other authors. 
Koopmans et al. showed that 1CTP allows discrimination 
between patients with PC and bone metastases and those 
without metastases or without PC, respectively. In their 
patient population ADT did not seem to influence levels 
of 1CTP (3). Additionally, in another study 1CTP turned 
out to be more reliable as a predictor for the presence 
of osseous lesions compared to PSA, the total alkaline 
phosphatase (AP) and bone-specific AP (18). These data 
underline the thesis that an increased amount of bone 
metabolites seems to occur in the serum in case of osseous 
lesions. The concentrations we measured for 1CTP and 
P1NP allow for a diagnostic prediction of bone metastases 
in patients with PC. Hence, discrimination between patients 
with and without bone metastases seems to be possible. 
Whether our median serum concentrations can be used 
as generally valid cut-off values for the presence of bone 
metastases has to be investigated in further studies. Based 
on these findings, these two markers could also be used to 
monitor medical tumor therapy. Due to the retrospective 
design without repetitive serum marker determinations 
and the small number of patients receiving medical tumor 
therapy no correlation between the therapeutic response 
and marker concentration was possible. However, this could 
be investigated in further prospective studies.

In order to investigate a possible correlation of 1CTP 
and CSS, Kylmälä et al. already examined 1CTP and AP 
in patients with PC and bone metastases. Apart from the 
diagnostic relevance of 1CTP and AP they showed that 1CTP 
was able to predict the prognosis with regard to CSS (12).  
Another retrospective study investigated PSA and bone-
specific AP in addition to 1CTP. It turned out that 1CTP 
was the only marker that can predict CSS (18). In our 
patient population time to cancer-specific death in patients 
with bone metastases was also associated with higher 
1CTP concentrations, P=0.0372. Given this outcome, 
increased 1CTP serum concentrations definitely imply a 
worse prognosis for these patients. The investigation of 
P1NP did not show a correlation with CSS in our patient 
population. This result partially contradicts the previous 
literature (17). The results of our study did not allow an 
exact explanation why P1NP did not correlate with CSS. 

However, P1NP serum concentrations where low compared 
to other studies (16). A further cause might be the fact that 
ADT and zoledronic acid had already started at the time of 
blood taking influencing P1NP serum concentrations and 
outcome (19,20). Anyhow, other authors could not show 
differences of bone markers between patients with and 
without antihormonal treatment (17).

In respect of OS we were able to show a significant 
correlation with increased serum concentrations for 1CTP, 
P=0.0199. With regard to OS 1CTP and P1NP were 
already investigated prospectively in patients undergoing 
bisphosphonate therapy. In the respective study, 34 of 52 
patients died and these patients had significantly higher 
1CTP and P1NP serum concentrations compared to the 
surviving patients. Further, 1CTP and P1NP exhibited a 
higher predictive value for mortality and development of 
SRE (21). In conclusion, however, 1CTP seems to be the 
more reliable marker.

Limitations

Limitations of the study are its retrospective nature, the 
low number of patients and the heterogeneous patient 
population with various forms of tumor therapy. Another 
important aspect that must be taken into consideration 
is the fact that 1CTP and P1NP vary daily in their 
physiological concentration. Furthermore, a renal or 
hepatic insufficiency may lead to an elevation of the 
measured serum-concentration (22). Another limitation 
is the fact that a few patients were already undergoing 
AHT or therapy with zoledronic acid at the time of 1CTP 
and P1NP measurement with a possible influence of the 
investigated parameters (i.e., PSA doubling time) (20).

Conclusions

Measurement of serum 1CTP and P1NP concentrations 
seems to be helpful in detecting bone metastases and may 
help to predict the clinical course in PC patients with 
bone metastases. Hence, both markers could be used for 
stratifying patient risk with advanced PC and influence 
treatment options with osteoprotective agents as well as other 
chemotherapeutic drugs for a better individualized treatment.
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