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Abstract The purpose was to investigate the association

between serum osteoprotegerin (OPG) and risk of incident

cancer and cancer mortality in a general population. OPG

was measured in serum collected from 6,279 subjects

without prior cancer recruited from a general population.

Incident cancer and cancer-related mortality were registered

from inclusion in 1994–95 until end of follow-up December

31, 2008. Cox regression models were used to estimate

crude and adjusted (for age, sex and other confounders)

hazard ratios and 95 % confidence intervals (HR 95 % CI).

There were 948 incident cancers and 387 deaths in the

cohort during 71,902 person-years of follow up (median

13.5 years). Subjects with serum OPG in the upper tertile

had 79 % higher risk of incident gastrointestinal cancer than

those in the lowest tertile (HR 1.79, 95 % CI 1.19–2.67). In

women \60 years, serum OPG (per SD 0.81 ng/ml) was

associated with reduced risk of incident cancer (all cancers

merged; 0.73; 0.57–0.94) and breast cancer (0.51;

0.31–0.83) after adjustment. Subjects in the upper tertile of

OPG had higher risk of cancer-related mortality (1.63;

1.16–2.28), particularly mortality from cancer in the gas-

trointestinal system (2.28; 1.21–4.28) compared to those in

the lowest OPG tertile. No significant association was

detected between OPG and risk of death from cancer in the

respiratory system or death from prostatic cancer. Our

findings from a large population based cohort study suggest

that serum OPG was associated with increased risk of

incident gastrointestinal cancer, inversely associated with

breast cancer, and predicts cancer-related mortality.
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as a decoy receptor for receptor activator of nuclear factor

kappa b ligand (RANKL) and TNF-related apoptosis-

inducing ligand (TRAIL) [1, 2]. OPG inhibits ligation of

RANKL and TRAIL to their cognate receptors, and thereby

takes part in regulation of cell survival [2], bone homeo-

stasis [3] and modulation of the immune system [4].

Experimental studies support the concept that OPG

alone and its modulation of RANKL and TRAIL may

affect risk of cancer. OPG synthesized by monocytes

within tumors may promote survival of several tumor cell

types [5–7], and in vitro studies indicate that OPG may act

as a survival factor for tumor cells in both solid tumors [5,

8] and hematological malignancies [7], and induce angio-

genesis [9, 10]. TRAIL induces apoptosis in a variety of

cells, and tumor cells are more sensitive than non-malig-

nant cells [9, 11, 12], whereas RANKL is involved in

development and metastasis of breast cancer [13–15].

Recently, we reported that serum levels of OPG were

associated with mortality of ischemic heart disease, stroke,

and non-vascular causes [16]. The latter finding may

indicate that OPG is also a marker for other diseases as

well as cardiovascular disease in the general population.

Our observation that increasing serum OPG predicted

mortality of non-vascular causes along with experimental

evidence for a role of OPG-TRAIL-RANKL in carcino-

genesis, elicited the hypothesis that serum levels of OPG

may be positively associated with future risk of cancer and

cancer-related mortality. To address this question, we

investigated the association between serum OPG and future

incident cancer and cancer-related mortality in a large

population based cohort study during 14 years of follow-

up.

Methods

Study population

Participants were recruited from the fourth survey of the

Tromsø Study conducted in 1994–95, a single-centre pro-

spective, population-based study, with repeated health

surveys of inhabitants in Tromsø, Norway. All inhabitants

aged 55–74 years and 5–10 % samples in other 5-year age

groups (25–54 and 75–85 years) were invited to take part,

and 78 % (n = 6,899) of invited subjects attended. Sub-

jects with cancer prior to baseline (n = 356) or incident

cancer within 12 months after baseline (n = 72) were

excluded to ensure that the presence of cancer or occult

cancer would not affect levels of serum OPG. Further,

subjects were excluded due to lack of consent to contribute

to research (n = 57), not officially registered as inhabitants

of the municipality of Tromsø (n = 12), lack of serum

samples for OPG measurement (n = 77), and development

of malignant skin tumors during the follow up period

(n = 46). Thus, 6,279 subjects were included in our cohort

study. Informed written consent was obtained from all

participants, and the study was approved by the regional

committee for research ethics. Incident cases of cancer and

deaths from cancer among the participants were recorded

from the date of enrolment through the end of follow-up,

December 31st, 2008 and December 31st, 2007,

respectively.

Medical history, blood collection and measurements

Information on study participants was obtained by a self-

administrated questionnaire, anthropometric measure-

ments, and measurements of non-fasting blood samples

[17]. In brief, blood samples were collected from an

antecubital vein and serum prepared by centrifugation

after 1 h respite at room temperature. OPG concentrations

were analysed in freshly thawed serum aliquots stored at

-70 �C for 12 years by an ELISA assay (R&D Systems,

Abingdon, UK) with mouse anti-human OPG as capture

antibody. Biotinylated goat anti-human OPG and strep-

tavidin horseradish peroxidase were used for detection.

The OPG assay was performed according to the instruc-

tions by the manufacturer. The intra- and inter-assay

coefficients of variation in our laboratory were 6.5 and

9.3 %, respectively. Between-assays variations in OPG

were adjusted for by use of an internal standard. All

samples were analyzed in duplicate and the mean value is

used in this report. Serum lipids (total and HDL choles-

terol, and triglycerides), haemoglobin A1c (HbA1c), high

sensitivity C-reactive protein (hs-CRP) and creatinine

were assessed as previously described [17].

End point assessment

The national 11-digit identification number allowed

linkage to the national registry of cancer and local diag-

nosis registries. Information on incident cancer during

follow-up, e.g. date of cancer diagnosis and location of

malignancy (ICD-7 codes 140-205), excluding non-mel-

anoma skin cancer (ICD-7,191.0-191.9), was obtained

from the Cancer Registry of Norway (CRN). In a recent

evaluation of the data quality, completeness of reporting

was estimated to 98.8 %, whereas organ specific mor-

phology had 94 % accuracy [18]. Further, linkage to the

National Causes of Death Registry at Statistics Norway

and information from the death certificates was used to

collect relevant information of the event. The Norwegian

Registry of Vital Statistics provided information on emi-

gration and death.
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Statistical methods

Continuous variables were presented as means [95 % con-

fidence interval, or standard deviation (SD)], and categorical

data as number or percentage. Multivariable linear or

logistic regression models were used for sex and age

adjustment, and to test for linear trends across tertiles of

OPG for continuous and binary data, respectively. For each

participant, person years of follow-up were calculated from

the date of blood sampling in 1994–95, until the date of an

event, the date the participant moved from the municipality

of Tromsø, died, or until the end of the study period. Cox-

proportional hazard regression models were used to estimate

hazard ratios (HR), with 95 % confidence intervals (CI) for

incident cancer, subtypes of cancer and cancer-related

mortality in the entire population and in analyses stratified

for sex and age categories (\60 and C60 years). OPG was

treated as both categorized (tertiles) and continuous variable

in the analyses. Crude analyses, analyses adjusted for age

and sex (model 1), and multivariable analyses with variables

shown to be associated with OPG (model 2: smoking, BMI,

systolic blood pressure, HDL cholesterol, hsCRP, and self-

reported diabetes mellitus/HbA1c[ 6.1 %; model 3: model

2 ? history of ischemic stroke or myocardial infarction)

were carried out. Possible two way interactions between sex,

or age, with OPG was assessed by including cross product

terms to the proportional hazards models. The proportional

hazard assumption was verified by evaluating the parallel-

ism between the curves of the log–log survivor function for

tertiles of OPG. Subjects with incomplete data for the

assessed covariates were excluded from the multivariable

models. The statistical analyses were performed using SPSS

software for Windows, version 18.0 (SPSS, Inc., Chicago,

IL). Two sided P values\0.05 were considered statistically

significant.

Results

The study population consisted of 50.5 % (n = 3,174)

women aged 61 ± 10 years with mean serum OPG con-

centration of 3.40 ± 1.06 ng/ml, and 49.5 % (n = 3,105)

men aged 60 ± 10 years with mean serum OPG concen-

tration of 3.21 ± 1.17 ng/ml (P for sex difference\0.0001).

Characteristics of participants at baseline (1994–1995)

across tertiles of serum OPG are shown in Table 1. Age,

blood pressure, HDL cholesterol, HbA1c, hsCRP, the pro-

portion of women and subjects with diabetes mellitus

increased, whereas body mass index (BMI) and triglycerides

decreased significantly across tertiles of serum OPG.

There were 948 incident cases of cancer during a total of

71,902 person-years of follow-up (median 13.5 years). The

overall crude cancer incidence rate per 1,000 person-years

was 13.2 (95 % CI 12.4–14.1) in the total population, 9.9

(95 % CI 8.9–11.0) in women, and 16.8 (95 % CI

15.5–18.2) in men. The organ distribution of the most

common cancers across tertiles of serum OPG is shown in

Table 2. The overall relative risk of incident cancer was

1.06 (95 % CI 0.99–1.15) per 1 SD (1.12 ng/ml) increase

in serum OPG in age- and sex-adjusted analysis and 1.02

(0.94–1.12) in the multivariable adjusted model (model 3)

(Table 3). Accordingly, there was no apparent change in

risk estimates across tertiles of serum OPG (P for

trend = 0.70). Similar findings occurred in analyses strat-

ified for sex.

Stratification for sex and age (\60 years and C60 years)

revealed an inverse relation between serum OPG and

incident cancer in women below 60 years of age (Appen-

dix Table 6). The relative risk of cancer was 0.73 (95 % CI

0.57–0.94) per 1 SD (0.81 ng/ml) increase in serum OPG,

whereas women in the upper tertile of serum OPG

(C3.08 ng/ml) had a relative risk of 0.44 (0.26–0.75) of

cancer compared to women in the lowest tertile (B2.42 ng/ml)

in the multivariable adjusted model (Appendix Table 6). In

men below 60 years of age (Appendix Table 6 the relative

risk of cancer was 1.10 (95 % CI 0.90–1.34) per 1 SD

(0.99 ng/ml) increase in serum OPG, whereas men in the

upper tertile of serum OPG (C2.87 ng/ml) had a relative

risk of 1.48 (0.95–2.31) of cancer compared to men in the

lowest tertile (B2.33 ng/ml) in the adjusted model

(Appendix Table 6). No significant associations between

serum OPG and risk of incident cancer were found in men

and women above 60 years of age.

To investigate whether serum OPG was associated with

particular types of cancer, we performed stratified analyses

for the most common types of cancer (Table 4). The rel-

ative risk of gastrointestinal cancers increased by 15 % per

1 SD (1.12 ng/ml) increase in serum OPG, whereas those

in the upper tertile of serum OPG (C3.55 ng/ml) had 79 %

higher relative risk of cancer compared to subjects in the

lowest tertile (B2.78 ng/ml) in the adjusted model. The risk

estimates were independent of age (Appendix Table 7).

The cumulative incidence rates for gastrointestinal cancer

progressively diverged across tertiles of serum OPG over

time. Probability curves of survival free of gastrointestinal

cancer are shown in Fig. 1, panel A. Colorectal cancer

comprised 59 % (n = 164) of the gastrointestinal cancers.

Subjects in the upper tertile of OPG had 49 % higher rel-

ative risk of colorectal cancer compared to subjects in the

lowest tertile (P for trend 0.087). However, the strongest

association between OPG and gastrointestinal cancer was

found for esophagus (n = 16), stomach (n = 40) and

pancreatic (n = 39) cancer merged. The relative risk

increased by 37 % per 1 SD increase in serum OPG and

was 2.55-fold higher in tertile 3 compared to tertile 1

(95 % CI 1.23–5.30).
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An inverse association between serum OPG and risk of

breast cancer was observed (women only; Table 4 and

Appendix Table 7). The relative risk of breast cancer

decreased by 26 % per 1 SD (1.06 ng/ml) increase in

serum OPG, whereas women in the upper tertile of serum

OPG (C3.68 ng/ml) had 45 % lower relative risk of breast

cancer compared to women in the lowest tertile (\2.90 ng/ml)

in the adjusted model. The cumulative incidence rates for

breast cancer progressively diverged across tertiles of

serum OPG over time. Probability curves of survival free

of breast cancer are shown in Fig. 1, panel B. In analyses

stratified by age (Appendix Table 7), the protective effect

of serum OPG on breast cancer applied to women below

60 years of age. The relative risk of breast cancer was 0.51

(95 % CI 0.31–0.83) per 1 SD (0.81 ng/ml) increase in

serum OPG, and women in the upper tertile of serum OPG

(C3.08 ng/ml) had 76 % reduced relative risk (0.24 (95 %

CI 0.10–0.61)) of breast cancer compared to women in the

lowest tertile (\2.42 ng/ml) in this age group.

There were 387 subjects who died from cancer during

follow up (median 12.6 years). The crude incidence rates of

cancer-related mortality were 5.48 (95 % CI 4.96–6.05) in the

total population, 3.86 (95 % CI 3.27–4.55) in women and

7.22 (95 % CI 6.37–8.18) in men per 1,000 person-years,

respectively. Serum OPG was associated with risk of cancer-

related mortality irrespective of whether OPG was treated as a

continuous or categorized variable (tertiles; Table 5). The

overall relative risk of cancer-related mortality increased by

25 % per 1 SD (1.12 ng/ml) increase in serum OPG, and

subjects in the upper tertile of serum OPG had 63 % higher

relative risk of dying from cancer than those within the lowest

tertile of serum OPG. The cumulative incidence rates for

cancer-related mortality progressively diverged across tertiles

of serum OPG throughout the observation period. Probability

curves of survival are shown in Fig. 1, panel C. The associ-

ation between serum OPG and cancer-related mortality was

mostly driven by the relation to mortality from gastrointes-

tinal cancers. The risk of dying from cancer in the gastroin-

testinal tract was 2.3-fold higher for subjects in the upper

tertile of OPG compared to subjects in the lower tertile (P for

trend = 0.012). In women, no significant associations

Table 1 Distribution of

baseline characteristics across

tertiles of OPG adjusted for age

and sex (n = 6,279).

Continuous variables are

reported as mean with 95 %

confidence interval and

categorical values as percentage

The Tromsø Study (1994–2008)

BP blood pressure, DM diabetes

mellitus
a Adjusted for sex; b adjusted

for age
c 8 % missing, all other

variables complete or \1 %

missing

OPG tertiles

T1

0.46–2.78 ng/ml

T2

2.79–3.55 ng/ml

T3

3.56–25.81 ng/ml

P (trend)

Number of subjects 2,093 2,093 2,093

Age (years)a 53.6 (53.2–54.0) 61.5 (61.2–61.9) 66.7 (66.3–67.1) \0.001

Sex (% men)b 58.5 48.2 41.6 \0.001

Never smoking (%) 31.3 30.0 35.3

Former smoker (%) 36.6 37.8 33.0

Current smoker (%) 32.1 32.3 31.7

Body mass index (kg/m2) 26.4 (26.2–26.6) 26.1 (25.9–26.2) 25.6 (25.5–25.8) \0.001

Systolic BP (mm Hg) 142 (141–143) 144 (143–145) 149 (148–150) \0.001

Diastolic BP (mm Hg) 82 (82–83) 83 (83–84) 84 (84–85) \0.001

Total cholesterol (mmol/l) 6.63 (6.57–6.69) 6.81 (6.76–6.86) 6.73 (6.68–6.79) 0.025

HDL cholesterol (mmol/l) 1.48 (1.46–1.50) 1.53 (1.51–1.55) 1.57 (1.55–1.58) \0.001

Triglycerides(mmol/l) 1.67 (1.63–1.72) 1.62 (1.58–1.66) 1.59 (1.55–1.64) 0.022

HbA1c (%)c 5.40 (5.37–5.44) 5.45 (5.42–5.48) 5.56 (5.53–5.59) \0.001

C-reactive protein (mg/l) 2.26 (1.95–2.56) 2.52 (2.24–2.80) 3.13 (2.83–3.44) \0.001

Creatinine (lmol/l) 78.7 (78.0–79.5) 77.7 (77.0–78.4) 79.6 (78.8–80.4) 0.111

DM or HbA1c [ 6.1 (%)c 4.8 5.4 9.0 \0.001

DM (selfreported) (%) 1.4 1.7 3.9 \0.001

Table 2 Organ distribution (numbers with percentages in brackets)

of incident cancer (n = 948) in the total population (n = 6,279)

N % OPG tertiles

T1 T2 T3

Gastrointestinal system 276 (29.1) 50 89 137

Respiratory system 167 (17.6) 44 64 59

Breast 76 (8.0) 30 26 20

Female genital organs 43 (4.5) 17 8 18

Prostate gland 178 (18.8) 42 75 61

Urinary system 83 (8.8) 20 33 30

Miscellaneousa 125 (13.2)

The Tromsø Study (1994–2008)
a Peritoneum, connective tissue, thyroid, hematopoietic, unknown

primary site
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between OPG and death of all cancers merged were observed

(Appendix Table 8). OPG tended to be associated with death

of gastrointestinal cancer in women (increased 39 % per 1 SD

OPG (95 % CI 1.06–1.83) and almost twofold higher relative

risk in tertile 3 versus tertile 1 of OPG). In contrast, in men a

significant association between OPG and risk of dying of all

cancers merged was observed, but no significant association

between OPG and risk of dying of gastrointestinal cancer was

found (Appendix Table 8). No significant association was

observed between OPG levels and death from cancer in the

respiratory system (Table 5). Death from prostatic cancer

occurred for one in the lower tertile of OPG, 15 in the middle

tertile and 20 men in the upper tertile. However, no significant

association was found (data not shown). Seven women died

from breast cancer during the study period.

Discussion

The present population based cohort study showed for the

first time that serum OPG was associated with cancer-

related mortality in general. Subgroup analyses revealed

that this association in women was mostly driven by the

relation to mortality from gastrointestinal cancers. How-

ever, serum OPG was not associated with risk of incident

cancer in general, but displayed differential associations to

gastrointestinal and breast cancer (women only). The rel-

ative risk of incident gastrointestinal cancer increased by

15 % per SD increase in serum OPG, and subjects in the

upper tertile of serum OPG had 79 % higher relative risk

than those in the lowest tertile. Subgroup analyses showed

significant associations between OPG and oesophagus,

stomach and pancreas cancer merged with 2.5-fold

increased HR for subjects in the upper tertile compared to

tertile 1. Serum OPG was inversely associated with risk of

breast cancer, particularly in women \60 years. No sig-

nificant associations were observed between OPG and

incident respiratory cancer, urinary tract cancer, prostatic

cancer or genital cancer (women).

Although the potential impact of the OPG-RANKL-

TRAIL axis on risk of cancer and cancer-related mortality

has been comprehensively studied in experimental models

[5–15], few data are available from observational and

interventional studies in humans. Previously, we observed

an association between serum OPG and mortality from

non-vascular causes in the general population (HR 1.31,

Table 3 Hazard ratios (HR) with 95 % confidence intervals (CI) for incident cancer across tertiles of osteoprotegerin (OPG) and per 1 standard

deviation (SD) increase in OPG levels

OPG Cancer

(n)

Unadjusted

HR (95 % CI)

(n = 6,279)

Model 1

HR (95 % CI)

(n = 6,279)

Model 2

HR (95 % CI)

(n = 5,717)

Model 3

HR (95 % CI)

(n = 5,717)

T1 234 1.00 1.00 1.00 1.00

T2 343 1.53 (1.30–1.81) 1.14 (0.96–1.36) 1.08 (0.90–1.30) 1.08 (0.90–1.30)

T3 371 1.85 (1.57–2.18) 1.13 (0.94–1.38) 1.04 (0.85–1.28) 1.05 (0.86–1.29)

P (trend) \0.001 0.25 0.76 0.70

Per 1 SD 948 1.20 (1.15–1.24) 1.06 (0.99–1.15) 1.02 (0.94–1.11) 1.03 (0.94–1.12)

Women n = 3,174 n = 3,174 n = 2,899 n = 2,899

T1 106 1.00 1.00 1.00 1.00

T2 116 1.07 (0.83–1.40) 0.78 (0.59–1.02) 0.72 (0.54–0.96) 0.72 (0.54–0.96)

T3 149 1.53 (1.19–1.96) 0.90 (0.68–1.20) 0.85 (0.63–1.15) 0.85 (0.63–1.16)

P (trend) 0.001 0.63 0.41 0.43

Per 1 SD 371 1.22 (1.11–1.34) 1.01 (0.90–1.14) 0.98 (0.86–1.11) 0.98 (0.86–1.12)

Men n = 3,105 n = 3,105 n = 2,818 n = 2,818

T1 127 1.00 1.00 1.00 1.00

T2 207 1.77 (1.42–2.21) 1.20 (0.95–1.51) 1.17 (0.91–1.49) 1.17 (0.91–1.49)

T3 243 2.49 (2.01–3.09) 1.25 (0.97–1.61) 1.18 (0.90–1.54) 1.19 (0.91–1.56)

P (trend) \0.001 0.099 0.28 0.24

Per 1 SD 577 1.21 (1.16–1.26) 1.10 (1.00–1.22) 1.06 (0.95–1.19) 1.07 (0.96–1.19)

The Tromsø Study (1994–2008)

1 SD OPG: total population 1.12 mg/ml, women 1.06 mg/ml, men 1.17 mg/ml

Model 1: Adjusted for age (and sex)

Model 2: Adjusted for age, (sex), smoking, systolic blood pressure, BMI, HDL cholesterol, CRP and diabetes mellitus or HbA1c [6.1 %

Model 3: As model 1 ? ischemic stroke and/or myocardial infarction before baseline

Number of events in model 2 and 3: total population n = 869, women n = 343, men n = 526
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95 % CI 1.22–1.41) [16]. Similar risk estimates, although

not statistical significant, for mortality from non-vascular

events were reported from the Bruneck cohort study

including 915 subjects from the general population [19].

The lack of significant associations in the Bruneck study

between serum OPG and incident cancer and cancer related

Table 4 Hazard ratios (HR) with 95 % confidence intervals (CI) for incident cancer across tertiles of osteoprotegerin (OPG) and per 1 standard

deviation (SD) increase in OPG levels

OPG Cancer Unadjusted

HR (95 % CI)

Model 1

HR (95 % CI)

Model 2

HR (95 % CI)

Model 3

HR (95 % CI)

Gastrointestinal* n = 6,279 n = 6,279 n = 5,717 n = 5,717

T1 50 1.00 1.00 1.00 1.00

T2 89 1.85 (1.31–2.62) 1.29 (0.89–1.85) 1.36 (0.93–2.00) 1.36 (0.93–2.00)

T3 137 3.20 (2.31–4.42) 1.75 (1.20–2.54) 1.77 (1.18–2.65) 1.79 (1.19–2.67)

P (trend) \0.001 0.002 0.004 0.004

Per 1 SD 276 1.25 (1.18–1.32) 1.15 (1.01–1.30) 1.14 (0.99–1.32) 1.15 (1.00–1.32)

Respiratory� n = 6,279 n = 6,279 n = 5,717 n = 5,717

T1 44 1.00 1.00 1.00 1.00

T2 64 1.51 (1.03–2.21) 1.13 (0.75–1.70) 0.99 (0.65–1.51) 0.99 (0.65–1.51)

T3 59 1.56 (1.06–2.31) 0.98 (0.62–1.55) 0.89 (0.55–1.42) 0.89 (0.55–1.43)

P (trend) 0.026 0.87 0.60 0.60

Per 1 SD 167 1.20 (1.09–1.32) 1.09 (0.92–1.30) 1.09 (0.90–1.32) 1.09 (0.90–1.32)

Breast (women)� n = 3,174 n = 3,174 n = 2,899 n = 2,899

T1 30 1.00 1.00 1.00 1.00

T2 26 0.85 (0.50–1.44) 0.70 (0.40–1.21) 0.68 (0.38–1.21) 0.68 (0.38–1.22)

T3 20 0.72 (0.41–1.26) 0.52 (0.27–0.98) 0.54 (0.28–1.06) 0.55 (0.28–1.08)

P (trend) 0.24 0.043 0.07 0.08

Per 1 SD 76 0.86 (0.67–1.11) 0.72 (0.53–0.99) 0.73 (0.53–1.02) 0.74 (0.53–1.03)

Prostatic§ n = 3,105 n = 3,105 n = 2,818 n = 2,818

T1 42 1.00 1.00 1.00 1.00

T2 75 1.90 (1.30–2.77) 1.32 (0.89–1.97) 1.23 (0.81–1.88) 1.23 (0.81–1.87)

T3 61 1.82 (1.23–2.70) 0.97 (0.61–1.53) 0.85 (0.52–1.38) 0.86 (0.53–1.40)

P (trend) 0.003 0.71 0.36 0.40

Per 1 SD 178 1.12 (0.99–1.26) 0.85 (0.69–1.06) 0.82 (0.65–1.04) 0.82 (0.66–1.04)

Genital (women)|| n = 3,174 n = 3,174 n = 2,899 n = 2,899

T1 17 1.00 1.00 1.00 1.00

T2 8 0.46 (0.20–1.07) 0.33 (0.14–0.78) 0.19 (0.07–0.54) 0.19 (0.07–0.55)

T3 18 1.13 (0.58–2.19) 0.64 (0.29–1.39) 0.46 (0.20–1.07) 0.47 (0.20–1.09)

P (trend) 0.72 0.35 0.10 0.10

Per 1 SD 43 1.14 (0.85–1.52) 0.94 (0.65–1.35) 0.85 (0.57–1.28) 0.86 (0.56–1.29)

Urinary tract} n = 6,279 n = 6,279 n = 5,717 n = 5,717

T1 20 1.00 1.00 1.00 1.00

T2 33 1.71 (0.98–2.97) 1.34 (0.74–2.41) 1.20 (0.65–2.22) 1.20 (0.65–2.21)

T3 30 1.71 (0.97–3.01) 1.16 (0.60–2.24) 0.91 (0.45–1.85) 0.91 (0.45–1.85)

P (trend) 0.067 0.75 0.72 0.73

Per 1 SD 83 1.22 (1.08–1.37) 1.17 (0.96–1.42) 1.10 (0.84–1.45) 1.10 (0.84–1.45)

The Tromsø Study (1994–2008)

1 SD OPG; total population 1.12 ng/ml, women 1.06 ng/ml, men 1.17 ng/ml

Model 1: Adjusted for age (and sex)

Model 2: Adjusted for age, (sex), smoking, BMI, systolic blood pressure, HDL cholesterol, CRP, diabetes mellitus or HbA1c [6.1 %

Model 3: As model 1 ? ischemic stroke and/or myocardial infarction before baseline

Number of events model 2 and 3: * n = 252, � n = 158, � n = 72, § n = 165, || n = 37, } n = 74
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mortality may be due to low power caused by low number

of events (n = 146 and n = 81, respectively) [20].

Our main finding that serum OPG was associated with

risk of incident gastrointestinal cancers and mortality

related to gastrointestinal cancers is supported by experi-

mental and clinical studies. Increased expression of OPG

has been reported in human gastric carcinoma [21] and

colon cancer cell lines [22], as well as in patients with

colorectal cancers and pancreatic cancers compared to

healthy controls [23, 24]. Addition of exogenous OPG to

colorectal cancer cells caused resistance to TRAIL [23].

Moreover, OPG mRNA expression was significantly higher

in tumors with metastasis than without metastasis in both

patients with gastric carcinoma [21] and colorectal cancer

[25], and high expression of OPG was associated with

decreased survival [21, 25] and increased risk of recurrence

[25]. Thus, our findings suggest that high serum OPG is an

early biomarker of gastrointestinal cancers (more than a

year ahead of diagnosis) and in women predicts mortality

related to the disease.

Even though serum OPG was associated with higher risk

of gastrointestinal cancers in women as well as in men,

younger women (\60 years) showed an inverse relation

between serum OPG and risk of incident total cancer. The

inverse relation with total cancers in young women was

mainly driven by incident breast cancer and cancer in the

female genital organs. Experimental studies in breast can-

cer cells showed expression of OPG and inhibition of

TRAIL induced apoptosis, suggesting that OPG may play a

role in tumor cell survival [8]. The expression of OPG in a

large selection of breast tumors was also inversely corre-

lated with tumor grade [8]. Synthetic progesterone deriv-

atives, such as medroxyprogesterone acetate (MPA),

induced RANKL in mammary-gland epithelial cells in

mice [13]. Subsequent deletion of RANK from the mam-

mary epithelium decreased incidence and delayed onset of

MPA-driven mammary cancer [13]. Moreover, selective

inhibition of RANKL reduced pre-neoplasias as well as

hormone- and carcinogen induced mammary epithelial

proliferation [14]. RANKL has also been shown to stimu-

late pulmonary metastasis of RANK(?) human breast

cancer cells [15]. Recently, it was shown in a mouse model

b Fig. 1 Probability of survival free of: a gastrointestinal cancer,

b breast cancer and c cancer related mortality stratified by OPG

tertiles. Adjusted for age, sex, smoking, BMI, systolic blood pressure,

HDL cholesterol, CRP, diabetes mellitus or HbA1c[6.1 %, ischemic

stroke and/or myocardial infarction before baseline. P for trend 0.004,

0.08 and 0.007, respectively
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for estrogen receptor-positive breast cancer that RANKL

inhibition by OPG-Fc treatment blocked osteoclast activity

and prevented tumor-induced osteolysis. In a combination

experiment, OPG-Fc and tamoxifen resulted in a more

efficient inhibition of tumor growth than either single agent

alone [26]. Thus, it has been proposed that inhibition of

RANKL-RANK signalling might be used in conjunction

with elimination of primary breast tumors to prevent

recurrent metastatic disease [15]. Furthermore, microarray

analysis of 295 primary breast cancer patients revealed that

high OPG mRNA levels correlated with differentiated

tumors and longer overall- and disease-free survival [27].

In agreement with the animal models [13–15, 26], our

population based study indicate that the cytokine network

OPG is part of might also be important in development of

tumors, and suggest that the inverse relation between serum

OPG and risk of breast cancer, might be explained by

reduced binding of RANKL to RANK in subjects with

higher concentration of OPG.

Among patients with prostatic cancer serum OPG levels

were significantly elevated in patients with bone metastasis

and predicted prostatic cancer related death [28]. In our

population based cohorts study, 178 subjects developed

prostatic cancer during follow up. We observed no signif-

icant association between OPG and incident prostatic

cancer. The relatively high number of events makes a type

II error unlikely.

In the present study, 167 subjects were diagnosed with

cancer in the respiratory system and 132 of them died from

their cancer during the observation period. No associations

were observed between serum OPG and risk of cancer and

cancer-related mortality in the respiratory system. In

human non-small cell lung cancer (NSCLC) tissue sam-

ples, significantly stronger immunostaining for OPG,

RANKL and RANK were observed in bone metastases

than in tumor cells at the primary site [29]. Furthermore,

the RANKL:OPG ratios were significantly higher in bone

metastases compared with primary NSCLC tissue samples

[29].

The differential impact of OPG in various types of

cancer might partly be explained by different significance

of TRAIL induced apoptosis. For instance, many colorectal

cancers show resistance to TRAIL partly due to expression

of antagonistic decoy receptors [30]. The effect of OPG

varies according to expression rates, spatial distribution of

receptors, decoys and ligands [31]. An epidemiological

Table 5 Hazard ratios with 95 % confidence intervals (HR, 95 % CI) of death of cancer calculated for OPG tertile groups and per SD (1.12 ng/ml)

increase in OPG levels (n = 6,279)

OPG Cancer

(n)

Unadjusted

HR (95 % CI)

Model 1

HR (95 % CI)

Model 2

HR (95 % CI)

Model 3

HR (95 % CI)

All cancers* n = 6,279 n = 6,279 n = 5,717 n = 5,717

T1 69 1.00 1.00 1.00 1.00

T2 132 1.98 (1.48–2.65) 1.40 (1.03–1.90) 1.33 (0.97–1.83) 1.33 (0.96–1.83)

T3 186 3.12 (2.37–4.12) 1.77 (1.28–2.43) 1.61 (1.15–2.26) 1.63 (1.16–2.28)

P (trend) \0.001 \0.001 0.005 0.004

Per 1 SD 387 1.27 (1.22–1.33) 1.24 (1.14–1.35) 1.24 (1.11–1.39) 1.25 (1.11–1.39)

Gastrointestinal� n = 6,279 n = 6,279 n = 5,717 n = 5,717

T1 18 1.00 1.00 1.00 1.00

T2 45 2.58 (1.49–4.46) 1.70 (0.96–3.00) 1.77 (0.97–3.23) 1.77 (0.97–3.23)

T3 69 4.42 (2.63–7.42) 2.21 (1.23–3.99) 2.23 (1.19–4.19) 2.28 (1.21–4.28)

P (trend) \0.001 0.008 0.015 0.012

Per 1 SD 132 1.28 (1.19–1.37) 1.22 (1.04–1.43) 1.24 (1.03–1.51) 1.26 (1.04–1.51)

Respiratory� n = 6,279 n = 6,279 n = 5,717 n = 5,717

T1 28 1.00 1.00 1.00 1.00

T2 39 1.43 (0.88–2.33) 1.10 (0.66–1.84) 1.03 (0.60–1.76) 1.03 (0.60–1.76)

T3 43 1.76 (1.09–2.83) 1.14 (0.65–2.00) 1.09 (0.61–1.96) 1.09 (0.61–1.96)

P (trend) 0.020 0.65 0.76 0.77

Per 1 SD 110 1.23 (1.11–1.35) 1.18 (0.99–1.39) 1.21 (0.98–1.50) 1.21 (0.98–1.50)

The Tromsø Study (1994–2007)

Model 1: Adjusted for age (and sex)

Model 2: Adjusted for age, sex, smoking, BMI, systolic blood pressure, HDL cholesterol, CRP, diabetes mellitus or HbA1c [6.1 %

Model 3: As model 1 ? ischemic stroke and/or myocardial infarction before baseline

Number of events model 2 and 3: * n = 352, � n = 118, � n = 103
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study will never be able to disentangle the important bal-

ance between local and systemic actions of cytokines.

However, it is intriguing that serum concentrations of OPG,

in the present population based study, years before cancer

development are associated with gastrointestinal cancer

and breast cancer. The introduction of a monoclonal anti-

body (denosumab) to RANKL for the treatment of osteo-

porosis and reduction of skeletal events in subjects with

breast cancer and prostatic cancer treated with hormones,

underline the importance of further research.

Major advantages of the present study includes the

population-based design, high number of participants, long

term follow-up and the completeness of end-point regis-

tration. Some limitations also merit consideration. Despite

the high number of participants, the number of subjects in

some cancer groups was relatively low. Potential con-

founders and assumptions for statistical models were

carefully checked, however potential residual confounding

cannot be completely ruled out. It is uncertain whether our

findings in a European Caucasian population are general-

izable to other ethnical groups. OPG was measured only at

one time point and potentially our risk estimates could be

somewhat underestimated due to regression dilution. Non-

fasting blood samples and non-standardized time points for

sampling could introduce bias. In young normolipemic

males the serum concentration of OPG decreased modestly

during the day [32]. In the postprandial state after a lipid

rich meal we have found a similar modest decrease in

serum OPG. Thus, it is unlikely that non-fasting blood

samples and various time points for sampling during the

day have introduced severe bias. Serum samples were kept

frozen for 12 years at -70 �C without any freezing-thaw-

ing cycles before measurement of OPG and this may have

influenced the measurements. However, previous studies

have reported long-term stability of OPG measurements in

serum samples stored at -70 �C [33].

In conclusion, serum OPG was associated with incident

cancer and death from cancer in the gastrointestinal sys-

tem, and inversely associated with incident breast cancer in

young women. Our findings support that OPG is a bio-

marker for development of certain cancers and that OPG

predicts cancer-related mortality.

Conflict of interest The authors disclose no potential conflicts of

interest.

Appendix

See Tables 6, 7 and 8.

Table 6 Age- and sex-stratified hazard ratios (HR) with 95 % confidence intervals (CI) for incident cancer across OPG tertile groups and per SD

increase in OPG levels

OPG Cancer Unadjusted

HR (95 % CI)

Model 1

HR (95 % CI)

Model 2

HR (95 % CI)

Model 3

HR (95 % CI)

Women

\60 years

n = 1,264 n = 1,264 n = 1,146 n = 1,146

T1 36 1.00 1.00 1.00 1.00

T2 32 0.86 (0.54–1.39) 0.60 (0.37–0.98) 0.53 (0.32–0.89) 0.53 (0.32–0.89)

T3 36 0.95 (0.60–1.51) 0.59 (0.37–0.96) 0.45 (0.26–0.77) 0.44 (0.26–0.75)

P (trend) 0.83 0.046 0.004 0.003

Per 1SD 104 1.02 (0.84–1.24) 0.86 (0.69–1.08) 0.75 (0.58–0.97) 0.73 (0.57–0.94)

Women

C60 years

n = 1,910 n = 1,910 n = 1,753 n = 1,753

T1 82 1.00 1.00 1.00 1.00

T2 89 1.11 (0.83–1.50) 1.05 (0.77–1.42) 1.03 (0.75–1.41) 1.03 (0.75–1.41)

T3 96 1.38 (1.02–1.85) 1.21 (0.88–1.66) 1.26 (0.90–1.77) 1.27 (0.90–1.78)

P (trend) 0.034 0.25 0.18 0.17

Per 1 SD 267 1.14 (1.02–1.28) 1.08 (0.95–1.23) 1.06 (0.93–1.22) 1.07 (0.93–1.23)

Men

\60 years

n = 1,390 n = 1,390 n = 1,246 n = 1,246

T1 35 1.00 1.00 1.00 1.00

T2 53 1.51 (0.99–2.32) 1.02 (0.66–1.57) 1.03 (0.65–1.64) 1.03 (0.65–1.64)

T3 87 2.79 (1.89–4.14) 1.64 (1.09–2.45) 1.48 (0.95–2.31) 1.48 (0.95–2.31)

P (trend) \0.001 0.006 0.048 0.048

Per 1 SD 175 1.14 (1.07–1.22) 1.18 (1.04–1.35) 1.10 (0.90–1.34) 1.10 (0.90–1.34)

Serum osteoprotegerin and future risk of cancer 227

123



Table 7 Age stratified hazard ratios (HR) with 95 % confidence intervals (CI) for incident breast cancer and gastrointestinal cancer across

tertiles of osteoprotegerin (OPG) and per 1 standard deviation (SD)* increase in OPG levels

OPG Cancer

(n)

Unadjusted

HR (95 % CI)

Model 1

HR (95 % CI)

Model 2

HR (95 % CI)

Model 3

HR (95 % CI)

Breast (women)

\60 years�

n = 1,264 n = 1,264 n = 1,146

T1 17 1.00 1.00 1.00

T2 7 0.41 (0.17–0.98) 0.28 (0.12–0.69) 0.23 (0.09–0.61)

T3 8 0.46 (0.20–1.08) 0.29 (0.12–0.69) 0.24 (0.10–0.61)

P (trend) 0.051 0.004 0.002

Per 1 SD 32 0.71 (0.47–1.07) 0.55 (0.35–0.88) 0.51 (0.31–0.83)

Breast (women)

C60 years�

n = 1,910 n = 1,910 n = 1,753 n = 1,753

T1 16 1.00 1.00 1.00 1.00

T2 14 0.90 (0.44–1.83) 0.88 (0.42–1.83) 0.90 (0.42–1.94) 0.91 (0.42–1.95)

T3 14 1.02 (0.50–2.08) 0.98 (0.45–2.14) 1.10 (0.49–2.46) 1.10 (0.49–2.47)

P (trend) 0.978 0.948 0.835 0.827

Per 1 SD 44 0.96 (0.70–1.31) 0.93 (0.66–1.32) 0.96 (0.67–1.36) 0.96 (0.67–1.38)

Gastrointestinal

\60 years§

n = 2,654 n = 2,654 n = 2,392 n = 2,392

T1 16 1.00 1.00 1.00 1.00

T2 15 0.93 (0.46–1.88) 0.64 (0.32–1.32) 0.74 (0.34–1.59) 0.74 (0.34–1.60)

T3 35 2.24 (1.24–4.05) 1.39 (0.75–2.59) 1.44 (0.72–2.89) 1.44 (0.72–2.90)

P (trend) 0.004 0.145 0.179 0.176

Per 1 SD 66 1.14 (1.03–1.27) 1.15 (0.92–1.43) 1.08 (0.80–1.46) 1.09 (0.80–1.49)

Gastrointestinal

C60 years||

n = 3,625 n = 3,625 n = 3,325 n = 3,325

T1 54 1.00 1.00 1.00 1.00

T2 68 1.29 (0.90–1.84) 1.20 (0.83–1.73) 1.20 (0.82–1.75) 1.20 (0.82–1.75)

T3 88 1.96 (1.40–2.75) 1.63 (1.13–2.37) 1.67 (1.14–2.47) 1.68 (1.14–2.48)

Table 6 continued

OPG Cancer Unadjusted

HR (95 % CI)

Model 1

HR (95 % CI)

Model 2

HR (95 % CI)

Model 3

HR (95 % CI)

Men

C60 years

n = 1,715 n = 1,715 n = 1,572 n = 1,572

1 119 1.00 1.00 1.00 1.00

2 142 1.23 (0.97–1.57) 1.14 (0.89–1.46) 1.11 (0.86–1.44) 1.11 (0.86–1.44)

3 141 1.48 (1.16–1.90) 1.25 (0.96–1.64) 1.24 (0.93–1.64) 1.25 (0.94–1.65)

P (trend) 0.002 0.099 0.138 0.124

Per 1 SD 402 1.20 (1.08–1.33) 1.11 (0.99–1.25) 1.09 (0.97–1.23) 1.09 (0.97–1.23)

The Tromsø Study (1994–2008)

1 SD OPG: Men; \60 years; 0.99 ng/ml, C60 years 1.14 ng/ml, women; \60 years 0.81 ng/ml, C60 years 1.03 ng/ml

Model 1: Adjusted for age

Model 2: Adjusted for age, smoking, systolic blood pressure, BMI, HDL cholesterol, CRP, diabetes mellitus or HbA1c [6.1 %

Model 3: As model 1 ? ischemic stroke and/or myocardial infarction before baseline

Number of events in model 2 and 3: women: \60 years n = 94, C60 years n = 249, men \ 60 years n = 153, C60 years n = 373
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Table 8 Hazard ratios with 95 % confidence intervals (HR 95 % CI) of death of cancer calculated for OPG tertile groups and per SD (women;

1.06 ng/ml, men; 1.17 ng/ml) increase in OPG levels in women (n = 3,174) and men (n = 3,105)

OPG Cancer

(n)

Unadjusted

HR (95 % CI)

Model 1

HR (95 % CI)

Model 2

HR (95 % CI)

Model 3

HR (95 % CI)

Women

All cancers* n = 3,174 n = 3,174 n = 2,899 n = 2,899

T1 34 1.00 1.00 1.00 1.00

T2 37 1.07 (0.67–1.70) 0.70 (0.43–1.13) 0.67 (0.41–1.11) 0.67 (0.41–1.12)

T3 70 2.25 (1.50–3.40) 1.11 (0.69–1.79) 1.07 (0.65–1.77) 1.07 (0.65–1.78)

P (trend) \0.001 0.37 0.52 0.51

Per 1 SD 141 1.47 (1.29–1.68) 1.21 (1.02–1.43) 1.18 (0.98–1.42) 1.19 (0.98–1.44)

Gastrointestinal� n = 3,174 n = 3,174 n = 2,899 n = 2,899

T1 9 1.00 1.00 1.00 1.00

T2 14 1.52 (0.66–3.52) 0.93 (0.39–2.21) 0.93 (0.38–2.26) 0.94 (0.39–2.28)

T3 32 3.91 (1.87–8.19) 1.72 (0.75–3.97) 1.96 (0.82–4.68) 1.97 (0.82–4.71)

P (trend) \0.001 0.098 0.059 0.058

Per 1 SD 55 1.63 (1.34–1.98) 1.30 (1.02–1.68) 1.37 (1.05–1.74) 1.39 (1.06–1.83)

Men

All cancers* n = 3,105 n = 3,105 n = 2,818 n = 2,818

T1 41 1.00 1.00 1.00 1.00

T2 83 2.12 (1.46–3.09) 1.34 (0.90–1.98) 1.35 (0.89–2.03) 1.35 (0.89–2.04)

T3 122 3.71 (2.60–5.29) 1.66 (1.10–2.49) 1.55 (1.00–2.39) 1.57 (1.01–2.42)

P (trend) \0.001 0.013 0.056 0.048

Per 1 SD 246 1.26 (1.20–1.32) 1.26 (1.14–1.39) 1.28 (1.11–1.47) 1.28 (1.11–1.47)

Gastrointestinal� n = 3,105 n = 3,105 n = 2,818 n = 2,818

T1 13 1.00 1.00 1.00 1.00

T2 30 2.41 (1.26–4.63) 1.39 (0.71–2.75) 1.45 (0.70–3.02) 1.47 (0.71–3.04)

T3 34 3.22 (1.70–6.11) 1.23 (0.59–2.56) 1.15 (0.52–2.54) 1.19 (0.54–2.64)

P (trend) \0.001 0.74 0.95 0.87

Per 1 SD 77 1.24 (1.13–1.37) 1.16 (0.91–1.48) 1.13 (0.85–1.50) 1.13 (0.86–1.50)

The Tromsø Study (1994–2007)

Model 1: Adjusted for age

Model 2: Adjusted for age, smoking, BMI, systolic blood pressure, HDL cholesterol, CRP, diabetes mellitus or HbA1c [6.1 %

Model 3: As model 1 ? ischemic stroke and/or myocardial infarction before baseline

Number of events model 2 and 3: Women: all cancers n = 128, GI n = 51. Men: All cancers 224, GI cancer n = 57

Table 7 continued

OPG Cancer

(n)

Unadjusted

HR (95 % CI)

Model 1

HR (95 % CI)

Model 2

HR (95 % CI)

Model 3

HR (95 % CI)

P (trend) \0.0001 0.009 0.008 0.008

Per 1 SD 210 1.26 (1.11–1.43) 1.16 (1.00–1.34) 1.16 (1.00–1.35) 1.17 (1.00–1.36)

The Tromsø Study (1994–2008)

* 1 SD OPG; total population; \60 years 0.91 ng/ml, C60 years 1.09 ng/ml, women \ 60 years 0.81 ng/ml, women, C60 years 1.03 ng/ml

Model 1: adjusted for age (and sex)

Model 2: Adjusted for age, (sex), smoking, BMI, systolic blood pressure, HDL cholesterol, CRP, diabetes mellitus or HbA1c [6.1 %

Model 3: As model 1 ? ischemic stroke and/or myocardial infarction before baseline

Number of events model 2 and 3: � n = 30, � n = 42, § n = 57, || n = 195
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