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Abstract 
 
Background: Optimal prostate cancer (PCa) screening strategies will focus on men most likely to have 

potentially-lethal, localized disease. Age-specific incidence rates (ASIRs) for clinical risk groups could 

guide risk-stratified screening. 

 

Objective: Determine ASIRs and proportions of PCa diagnoses in Norway for modern risk-group and 

Gleason score categories.  

 

Design, Setting, and Participants: All men diagnosed with PCa in Norway in 2014-2017 (n=20,356).  

 

Outcome Measurements and Statistical Analysis: Patients were assigned to clinical risk groups: low, 

favorable-intermediate, unfavorable-intermediate, high, regional, and metastatic, using Gleason score and 

clinical stage. Associations were assessed between age and (1) Gleason score (including Gleason 3+4 and 

4+3) and (2) PCa risk group. Risk-group ASIRs were calculated by multiplying the overall Norwegian 

ASIR by the proportions observed for each category. 

 

Results: Older age was significantly associated with higher Gleason score and more advanced disease. 

For example, among men aged 55-59, 65-69, 75-79, and 85-89 years, the percentage with Gleason 8-10 

disease was 16.5%, 23.4%, 37.2%, and 59.9%, respectively (p<0.001); the percentage with at least high-

risk disease was 29.3%, 39.1%, 60.4%, and 90.6%, respectively. Corresponding percentages for low-risk 

PCa were 24.0%, 17.9%, 10.2%, and 4.1% (p<0.001). The respective maximum ASIRs (per 100,000 

men) for low-risk, favorable-intermediate-risk, unfavorable-intermediate-risk, high-risk, regional, and 

metastatic disease were: 157.1, 183.8, 194.8, 408.3, 172.3, and 330.0; incidence for low-risk and 

favorable-intermediate-risk PCa peaked before age 70, while more advanced categories peaked after 70. 

At age 75-79 years, the ASIR of high-risk disease was approximately 6 times greater than at 55-59 years.  

 

Conclusions: Risk of clinically-significant, localized PCa increases with age. Healthy older men may be 

among those most likely to benefit from PCa screening. 
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Introduction 

 Most efforts regarding prostate cancer (PCa) screening now seek to identify clinically-significant 

and potentially-lethal cases requiring treatment, while avoiding overdiagnosis of more indolent, lower-

risk cases eligible for active surveillance1,2. Disease aggressiveness is accounted for in clinical decision-

making with widely-used stratification schemes for risk of metastasis or death3,4. Men diagnosed with 

intact PCa may be followed with active surveillance5 or treated with surgery, radiotherapy, androgen 

deprivation therapy, or a combination thereof3. Understanding the age-specific incidence of modern 

clinical risk groups (defined below) could greatly inform effective screening strategies aimed to detect 

potentially-lethal, localized, PCa. 

 Prior studies have suggested associations between older age and both higher Gleason score6,7 and 

higher-risk disease8. These associations have important implications for pre-test probability for screening 

and diagnostic tests for clinically-significant PCa. Modern clinical risk groups (hereafter referred to as 

“risk groups”) include a distinction between unfavorable- and favorable-intermediate-risk cancer9. 

Unfavorable-intermediate-risk and high-risk disease have similar rates of developing distant metastases 

and of prostate-cancer-specific mortality10. This differentiation has been incorporated into clinical 

management3 and staging guidelines11. The difference between Gleason 4+3 and 3+4 is also included in 

modern guidelines3,9–11, but age associations have not been reported for this distinction. Additionally, age-

specific incidence rates (ASIRs) for PCa are unknown for risk groups in current use. 

 Here, we used Norwegian population data to assess associations between age and PCa risk 

groups. We also estimated ASIRs in Norway for each risk group. Using modern strata for Gleason score 

and clinical risk group, we hypothesized that older men are more likely to have more advanced PCa.   

 

Methods 

Patient Population 

We identified all men with PCa diagnosed from 2014-2017 from the Cancer Registry of Norway. 

Overall, the registry has been reported to have over 99% validity and completeness for PCa reporting12,13. 
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Information potentially available included: age at diagnosis, clinical TNM stage, and Gleason score 

(including primary and secondary Gleason score, allowing distinction of Gleason 3+4 from 4+3, and 

favorable- from unfavorable-intermediate-risk14). These data are reported directly from 

clinicians/hospitals on digital reporting forms. Patients were placed into five-year age groups for analysis.  

 

Risk Stratification 

 PCa risk stratification was based on National Comprehensive Cancer Network (NCCN) 

guidelines3. Very-low-risk and low-risk case are managed similarly, so these were combined into low-risk 

PCa here (Gleason score ≤6, clinical stage T1-T2, prostate-specific antigen [PSA]<10 ng/mL). Clinical 

stage T2 was not specified in the registry as T2a, T2b, or T2c; we conservatively assumed that all T2 

cases were T2a. High-risk and very-high-risk cases are managed similarly; these were combined into 

high-risk PCa (clinical stage ≥T3a or Gleason score ≥8 or PSA>20 ng/mL). Regional and metastatic cases 

had diagnosis of regional lymph node or distant metastatic disease, respectively. Intermediate-risk cases 

were all that did not fit the above definitions. Favorable-intermediate-risk cases had <50% positive biopsy 

cores and only one of the following: (1) Gleason score 3+4 with PSA<10 ng/mL or (2) Gleason score 3+3 

with PSA 10-20 ng/mL. Unfavorable-intermediate-risk cases had any of the following: (1) Gleason score 

4+3, (2) Gleason score 3+4 with PSA 10-20 ng/mL, (3) Gleason score 3+3 with PSA 10-20 ng/mL, or (4) 

≥50% positive biopsy cores. 

 

Statistical Analyses 

 We used R for all analyses and chi-squared tests (two-tailed alpha=0.05) for all associations15. We 

tested for association between age and Gleason score at diagnosis, with separation of Gleason 7 disease 

into Gleason 3+4 and Gleason 4+3. Among those with low-grade (e.g., Gleason 6) disease, we tested for 

association between age and higher risk group due to PSA≥10 ng/mL and/or high clinical stage (T3-T4 or 
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nodal or distant metastasis), as these are often ineligible for active surveillance, despite the low Gleason 

score3.  

An association between age and PCa risk groups was also tested; this included separation of the 

intermediate-risk group category into favorable and unfavorable disease. We further tested for association 

between age and clinically-significant PCa (i.e., less appropriate for active surveillance3), which was 

defined two ways: first, all cases of at least intermediate-risk, and second, all cases of at least 

unfavorable-intermediate-risk. The above Chi-squared tests were repeated, while limiting analyses to only 

cases diagnosed between ages 50-743,16.  

 Finally, we calculated PCa ASIRs for clinical risk groups. ASIRs for any PCa in Norway in 2015 

(per 100,000 males) were obtained from NORDCAN, a comprehensive database of cancer statistics for 

Nordic countries17,18. This overall ASIR was multiplied by the proportion of cases meeting criteria for 

high-risk PCa to estimate the ASIR of high-risk PCa, specifically. This was repeated to obtain ASIRs for 

each risk group. 

 

Results 

 Of the 20,356 men diagnosed with PCa in Norway, 18,665 (91.7%) had Gleason score available. 

17,920 patients (88.0%) could be categorized as low risk or not (i.e., intermediate risk or higher); 14,303 

(70.3%) had sufficient available clinical data to assign a modern clinical risk group (including 

favorable/unfavorable-intermediate-risk). Lack of PSA and/or T stage data precluded assignment of a risk 

group for the remaining cases.  

Older age at diagnosis was significantly associated with a higher Gleason score. Figure 1 shows 

all age-stratified proportions of cases by Gleason score (proportions are listed in eTable 1). The 

percentage of men with Gleason 8-10 disease among men aged 55-59, 65-69, 75-79, and 85-89 years was 

16.5%, 23.4%, 37.2%, and 59.9%, respectively (p<0.001). Of those with Gleason 7 disease, older patients 

were more likely to be diagnosed with Gleason 4+3 compared to Gleason 3+4 disease. The percentage of 

Gleason 3+4 disease among men aged 55-59, 65-69, 75-79, and 85-89 years was 35.7%, 32.5%, 24.0%, 
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and 12.4%, respectively, while the percentage of Gleason 4+3 disease across the same age groups was 

14.0%, 17.3%, 19.3%, and 14.3%, respectively (p<0.001). When evaluating only those with Gleason 6, 

older men were more likely to be diagnosed with disease ineligible for active surveillance (Figure 2). The 

percentage of men aged 55-59, 65-69, 75-79, and 85-89 years with Gleason 6 disease and one or more of 

these risk factors (PSA ≥10 ng/mL, clinical stage ≥T3a, or nodal/metastatic disease) was: 19.5%, 28.7%, 

42.9%, and 58.0%, respectively (p<0.001). Similar trends were seen for those men with Gleason 3+4 

disease, and when men with Gleason 6 and 3+4 disease were combined (eFigure 1).  

Older patients with PCa were also more likely to have more advanced disease. The percentage of 

men aged 55-59, 65-69, 75-79, and 85-89 years with at least high-risk PCa was 29.3%, 39.1%, 60.4%, 

and 90.6%, respectively. The percentage of men with low-risk PCa across the same age groups was 

24.0%, 17.9%, 10.2%, and 4.1%, respectively (p<0.001). Figure 3 shows age-stratified proportions of 

cases by PCa risk group. Older men were more likely to be diagnosed with clinically-significant disease: 

p<0.001 when counting at least intermediate-risk as clinically-significant (the percentage of men aged 55-

59, 65-69, 75-79, and 85-89 years with at least favorable-intermediate-risk disease was 76.0%, 82.1%, 

89.8%, and 95.9%, respectively) and p<0.001 when counting at least unfavorable-intermediate-risk PCa 

as clinically-significant (the percentage of men aged 55-59, 65-69, 75-79, and 85-89 years with at least 

unfavorable-intermediate-risk disease was 53.3%, 61.2%, 75.8%, and 93.6%, respectively). When 

analyses were restricted to men aged 50-74, all of the above associations remained significant (p<0.001). 

Numerical proportions are listed in eTable 2. 

 ASIRs for risk groups are shown in Table 1 and Figure 4. Older men across the Norwegian 

population were increasingly likely to have more advanced and clinically-significant PCa. Qualitatively, 

the ASIRs of PCa by risk group demonstrate an increase in incidence rates across all risk groups until 

ages 65-69. At ages 65-69, the rates of low and intermediate-risk cases (including both favorable and 

unfavorable) begin to level off or decrease. The respective maximum ASIRs for low-risk, favorable-

intermediate-risk, and unfavorable-intermediate-risk PCa are: 157.1, 183.8, and 194.8, occurring at ages 

65-69, 65-69, and 70-74. Meanwhile, incidence rates of high-risk disease in men over 65-69 continue to 
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increase sharply; the ASIRs of high-risk disease surpass those of the low and intermediate-risk categories 

until ages 75-79—when the ASIR is 408.3—at which point they begin to decrease. The incidence of 

regional and metastatic disease always increases with age. 

 

Discussion 

 To our knowledge, this is the first study to report PCa ASIRs by clinical risk groups. We 

demonstrate a strong age dependence of Gleason score and of clinical risk stratification of PCa at time of 

diagnosis. These findings hold true when including clinically-relevant distinctions between Gleason 3+4 

and Gleason 4+3 and between favorable- and unfavorable-intermediate-risk disease11. Older Norwegian 

men are more likely to be diagnosed with higher-grade and more advanced PCa. Not only does the 

proportion of metastatic PCa increase with age (which could be simply due to less screening), but so does 

a man’s absolute risk of potentially-lethal, localized PCa. At age 75-79 years, the absolute incidence of 

high-risk, localized PCa is roughly 6 times greater than at age 55-59 years.  

ASIRs for modern risk groups have important implications for screening. Older age is a striking 

risk factor for clinically-significant PCa in the Norwegian population, highlighting the relevance of age-

specific screening decisions for individual men1. Rates of high-risk, localized disease increased 

dramatically from ages 55 to 74 (as opposed to decreasing, as in the low and intermediate-risk groups), 

leading to a maximum ASIR over twice as high as that of favorable intermediate-risk disease. Some 

guidelines discourage any PCa screening above age 7019, but the ASIRs shown here indicate that the 

absolute incidence of potentially-lethal disease actually increases in men older than 70. Healthy men aged 

70-75 have a life expectancy over 10 years20–22, and the 10-year metastases rates for men with 

unfavorable-intermediate-risk and high-risk disease are high10. PCa remains a leading public health 

problem—worldwide, it is the second most common malignancy diagnosed in men and a leading cause of 

cancer mortality23,24.  

The major PCa screening trials may have underestimated the potential mortality benefit of 

screening by including large numbers of men under 60, who had a long life-expectancy but a relatively 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted May 24, 2019. ; https://doi.org/10.1101/648519doi: bioRxiv preprint 

https://doi.org/10.1101/648519


low incidence of unfavorable-intermediate-risk or high-risk disease16,25. In fact, a large European trial 

showed a mortality benefit to screening, but on subset analysis, there was no significant benefit in men 

under age 6526. Too much focus on screening younger men (barring other risk factors) will likely tend to 

lead to higher relative rates of false positives and of overdiagnosis of low-risk cancer. Meanwhile, early 

treatment of intermediate-risk or high-risk disease could reduce PCa morbidity and mortality5,27–29. The 

present study suggests that healthy older men—those with a reasonably long life-expectancy—may be 

among those most likely to benefit from screening, as they are at greater risk of aggressive PCa that can 

cause morbidity and/or mortality if left untreated.  

Our findings are consistent with prior data suggesting associations between increased age and 

worse PCa Gleason scores and risk groups6–8,30. We show these associations hold true for modern Gleason 

score and risk-stratification schemes. Additionally, previous work has reported population PCa stage-

specific incidence rates and trends over eras in time, mainly by dividing cases into localized, regional, or 

distant disease31,32, or by using strict definitions of TNM staging33. The introduction of opportunistic PSA 

screening in Norway led to increased incidence rates of localized and regional PCa in younger men over 

time31, but no subdivision was made for localized disease that was potentially-lethal versus eligible for 

active surveillance. Our study shows that the favorable- and unfavorable-intermediate risk ASIRs are 

consistent with the overall pattern of increased locally-aggressive disease as a man ages, but the 

intermediate categories are closely correlated (and approximately equal to each other) across all ages. 

There are also continued increases in absolute rates of regional and metastatic disease in men as they age; 

this is an expected finding as older men are less likely to be screened for PCa4. Older men may also be 

more likely to present with metastatic disease because they were already at increased risk of having a 

potentially-lethal cancer, making them more prone to metastases10. Altogether, screening for PCa in 

healthy, older men (say, between 70-75 years) may allow for improved risk-stratification efforts, leading 

to the identification of disease while it remains potentially curable. Age could certainly be combined with 

other risk factors to further optimize screening strategies1,34–37. 
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Notably, Norway opted not to participate in the major European PCa screening trial16, citing 

concerns for the ethical implications of screening otherwise asymptomatic men and the overall clinical 

significance of the trial38. However, this decision was widely debated39, and screening remains 

controversial in Norway (as it is elsewhere). Norway’s national healthcare system does not recommend 

population-based PCa screening in asymptomatic men without a family history of PCa. Rather, shared 

decision-making is encouraged between physicians and patients40, leading to approximately 45% of 

Norwegian men receiving PSA testing in 201141 (a rate similar to that in the USA42). A survey of 

Norwegian primary care physicians showed that a minority include PSA testing in routine tests, but 70% 

would order PSA testing if the patient requested, and 72% would find it “difficult” not to refer to a 

urologist if a patient’s PSA is elevated41. Physicians can use these PCa risk group ASIRs in conjunction 

with a patient’s other risk factors and overall health/life expectancy for maximal screening efficacy, 

considering the advisability and timing of possible screening (with a focus on detecting potentially-lethal 

disease). Knowing that older, healthy men are at the greatest risk of being diagnosed with a potentially-

lethal, but potentially-curable PCa may aid physician decision-making when determining who may 

receive the most benefits from screening. Strategies to detect potentially-lethal disease will be most 

effective when the pre-test probability is high—i.e., when the underlying prevalence of clinically-

significant disease is high—hence, the need to be guided by epidemiological patterns like those presented 

here. 

Our work has limitations. We could not separate out very-low or very-high-risk cases, as PSA 

density information and Gleason score for each biopsy core are not registered in the Cancer Registry of 

Norway. These cases tend to be clinically managed similarly to low and high-risk PCa, respectively, and 

thus were combined with those categories3. Approximately 30% of the cohort could not be assigned a 

precise risk group due to incomplete PSA or clinical T stage information; most of these had partial data 

available for Gleason score and clinically-significant PCa analyses. Finally, while we obtained plausible 

estimates of age-specific incidence and proportion for an entire population using high-quality registry 
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data, the direct findings are limited to Norway. Nevertheless, the patterns observed here could be similar 

in other western countries, a suggestion that is partially supported by prior work in the USA6,8.  

 

Conclusions 

 Both the proportion and absolute incidence rates of clinically-significant PCa (using modern 

definitions) increase with age. Notably, the absolute incidence of high-risk disease at ages 75-79 is over 

six times higher than that at ages 55-59. Older men are also more likely to be diagnosed with higher 

Gleason score. Efforts to optimize PCa screening for efficient detection of localized, potentially-lethal 

disease should account for this strong age dependence.  
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Figure Legends 

Figure 1. Stratification of prostate cancer patients in Norway by Gleason scores and age, 2014-2017. 

Patients with Gleason 7 disease were divided into Gleason 3+4 and Gleason 4+3. Total number of 

patients with Gleason score data available: n=18,665 (91.7% of all prostate cancer cases in Norway). 

 

Figure 2. Proportion of men with Gleason 6 prostate cancer who meet one or more of the following 

criteria: PSA ≥10 ng/mL, clinical T3-4 stage, or N1/M1 disease, by age group, n=2,947 men.  

 

Figure 3. Clinical risk group stratification of prostate cancer patients in Norway, 2014-2017. Total 

number of patients with risk stratification data available: n=14,303 (70.3% of all prostate cancer cases in 

Norway). 

 

Figure 4. Norway prostate cancer age-specific incidence rates (per 100,000 males) by clinical risk group 

stratification. Intermediate-risk prostate cancer is subdivided into favorable and unfavorable risk. 
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Figure 1. Stratification of prostate cancer patients in Norway by Gleason scores and age, 2014-2017. 

Patients with Gleason 7 disease were divided into Gleason 3+4 and Gleason 4+3. Total number of 

patients with Gleason score data available: n=18,665 (91.7% of all prostate cancer cases in Norway). 
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Figure 2. Proportion of men with Gleason 6 prostate cancer who meet one or more of the following 

criteria: PSA ≥10 ng/mL, clinical T3-4 stage, or N1/M1 disease, by age group, n=2,947 men.  
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Figure 3. Clinical risk group stratification of prostate cancer patients in Norway, 2014-2017. Total 

number of patients with risk stratification data available: n=14,303 (70.3% of all prostate cancer cases in 

Norway). 
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Figure 4. Norway prostate cancer age-specific incidence rates (per 100,000 males) by clinical risk group 

stratification. Intermediate-risk prostate cancer is subdivided into favorable and unfavorable risk. 
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Table 1. Prostate cancer age-specific incidence rates (ASIRs) in Norway per 100,000 men by clinical risk 
group stratification. Intermediate-risk prostate cancer is subdivided into favorable and unfavorable risk. 
 

  ASIRs (per 100,000 men) by prostate cancer risk group 

Age 
(years) Low-risk 

Favorable 
intermediate-
risk 

Unfavorable 
Intermediate-
risk High-risk Regional Metastatic 

<50 10.4 9.3 10.0 4.2 1.3 1.7 

50-54 24.1 20.5 24.8 15.0 2.7 3.8 

55-59 72.2 68.3 72.2 61.6 13.2 13.6 

60-64 115.1 126.2 139.5 145.2 29.5 28.3 

65-69 157.1 183.8 194.6 245.6 50.2 47.0 

70-74 127.0 173 194.8 328.7 61.4 72.5 

75-79 106.0 144.6 159.9 408.3 85.1 132.7 

80-84 51.5 63.3 80.2 346.9 124.9 166.3 

85+ 24.0 8.8 14.2 222.3 172.3 330.0 
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