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ABSTRACT 

 

Background: Swedish nationwide family and cancer data offer an unbiased opportunity to study 

familial prostate cancer (PC) and allow an assessment of the possible diagnostic bias that might 

have been introduced in the prostate-specific antigen (PSA) era. We address this bias in a setting 

between brothers diagnosed with PC.  

 

Methods: Brothers were identified from year 1932 onwards until the end of the study 2021. 

Differences between diagnostic ages, incidence, TNM stage and survival were compared between 

brothers. 

 

Results: A total of 18317 brothers were diagnosed in brotherships of two or more PCs. If there 

were no bias in diagnostics between the brothers, the null hypothesis was that their diagnostic 

ages were equal. This was clearly refuted by the data: subsequent brothers were preferentially 
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diagnosed within a year of the first brother. The bias for subsequent brothers was higher when the 

brothers lived in the same community, and it was highest for large cities, particularly Stockholm. 

Comparing incidence rates between the first and subsequent brothers, subsequent brothers 

showed higher rates except at very high age. Proportions of patients detected with PSA (stage 

T1c) were higher in subsequent brothers compared to the first ones; the proportions were 

reversed for stages T2-4. Subsequent brothers were diagnosed less frequently with metastases 

compared to first brothers. Subsequent brothers survived better than first, but the difference 

depended on age and time since diagnosis.   

 

Conclusions: The results between brothers, using objective measures of diagnostic age, incidence 

and stage of disease, confirmed the existence of detection bias which however appeared to 

weaken towards high age.  

 

INTRODUCTION 

 

The US Food and Drug Administration (FDA) approved prostate-specific antigen (PSA) for 

monitoring of patients diagnosed with prostate cancer (PC) in 1986. In 1994, 8 years later PSA 

was approved in conjunction with rectal digital examination to aid diagnosis of PC in men over 

50 years of age (1). Pinsky and Parnes pointed out: “Notably, this approval occurred in the 

absence of evidence that early detection of PC leads to improved patient outcomes“ (1). Large 

scale opportunistic PSA testing among healthy men had apparently started in the USA well 

before any of these FDA approvals as PC incidence more than doubled between 1985 and 1992, 

with rather constant mortality (2). In Sweden health authorities advocated against opportunistic 

PSA testing, nevertheless in the early 1990s the constantly increasing incidence trend for PC shot 

upwards and included particularly age groups between 55 to 75 years which had been a relative 

low-risk age group earlier (3). It was assumed to be the consequence of an ever-wider use of PSA 

testing. Searching for explanation by comparing diagnostic time difference between brothers, it 

was surprisingly shown that by far the largest numbers were diagnosed within a year of each 

other, suggesting diagnostic bias (3, 4). The increase was found only after introduction of PSA 

testing (5).This increase was later shown to be largest for PSA-diagnosed PC of patients with 

high socioeconomic status (6). Diagnostic shifts upon introduction of PSA screening were 

recently reported for most European countries based on incidence data during 1980-2017 (7).         

 

The evidence supporting the benefits of opportunistic PSA screening has been initially 

circumstantial but a systematic review up to 2018 and meta-analysis covering also five 

randomized clinical trials concluded: “At best, screening for PC leads to a small reduction in 

disease-specific mortality over 10 years but does not affect overall mortality” (8). The US 

Preventive Services task force recommended at the same time against PSA-based screening for 

PC  in men 70 years and older (9). In studies around 2010, the benefits of PSA testing were 

assessed against the background of overdiagnosis for which the estimates vary (from 1.7% to 

67% or from 23% to 42%) depending on the setting and methods considered (10, 11). More 

recently, the adverse effects of overdiagnosis have received more attention: PC biopsies carry a 

risk of infections and overdiagnosis results in unnecessary treatment with known adverse effects, 

such as urinary incontinence and erectile dysfunction (1, 8, 12, 13). The biology of PC is 

complex as tumors were found in a large proportion of autopsied men who had died of causes 

unrelated to PC (14). A review of literature from 2015 covering 29 autopsy studies concluded 

that the mean proportion of PC increased by age, being 5% below 30 years, 15% at age 40-50 

years and 59% at age 80+ years (14). Among these studies those using Gleason grading system 
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for diagnosis of PC showed a higher prevalence of PC compared to others (14). The bottom line 

is that the molecular transition of histological PC from dormancy to clinically aggressive disease 

is poorly understood (15, 16). PSA, a serine protease, with a known physiological function of 

reducing sperm viscosity, is produced no more by malignant than normal prostate glands 

although leakage from a tumorous gland is higher; half-life of total PSA in the blood is some 3 

days (17). Serum PSA levels are increased also in benign conditions such as benign prostatic 

hyperplasia and prostatitis (17). As to PC, PSA appears not to be a bystander protein as it has 

many functions related to tumor progression (18).     

 

In the present paper, we want to test the level of detection bias and its impact on clinical 

outcomes in a defined setting between brothers diagnosed with PC. The features characterizing 

detection bias include increased incidence and early onset of relative benign cancers. The data are 

retrieved from the nationwide family data of Sweden covering cancers from the national cancer 

registry from the period 1958-2021 (19). The dataset and its clinical extension to the Prostate 

Cancer Database Sweden have been used in many family studies on PC by us and others  but the 

problems of detection bias have been addressed in only a few earlier studies published one or two 

decades ago (3-6). We try to deduce the level of detection bias in the present diagnostic practice 

by focusing on differences in incidence and degree of malignancy (TNM staging) in PC between 

brothers.  

 

METHODS  

 

The analyzed dataset originates from the latest update of the Swedish Cancer Registry (covering 

period 1958- 2021), linked with the Multigeneration Register, containing links to parents for 

individuals born after 1931. Brothers could be identified among persons born from 1932 

onwards. All family and cancer linkages were done through the unique personal identification 

number. The analysis of diagnostic bias was restricted to Sweden-born men, diagnosed with PC 

in period 2000-2021 when the widespread PSA testing was implemented in Sweden. In total, 

families where all brothers were diagnosed in studied period included 18 317 brothers with PC. 

The analysis of tumor stage distribution was restricted to families where all the affected brothers 

were diagnosed in 2004-2021 when TNM data was almost complete. 

 

Diagnostic TNM stages were used to assess spreading of disease: 

T1 Small tumor usually found during a biopsy due to a high PSA level (T1c); 

T2 Tumor is confined entirely within the prostate gland; 

T3 Tumor has grown outside the prostate capsule and may have spread to the seminal 

vesicles but not to distant organs; 

T4 Tumor has grown outside the prostate and has spread into nearby organs.  

 

Age-standardized incidence rates were calculated with follow-up starting at date of birth or start 

of the study calendar period, whichever came later, and follow-up was terminated at PC 

diagnosis, death, emigration or end of study period (29th December 2021), whichever came 

earlier. The person-time was cumulated by place of residence, with residence data available at 

yearly basis (4-digit community code). The age-standardized rates were derived as weighted 

means (based on the World Standard Population) of age-specific estimates (5-year age groups). 

 

Incidence rates by diagnosis order were calculated in 5-year age-brackets for incident cases in a 

defined age-group divided by person-years at risk in the same age-group. Cases were the sets of 

https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046509&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000046509&version=Patient&language=en
https://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000257216&version=Patient&language=en
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brothers who were diagnosed with PC. Reference rates were calculated for men without a brother 

diagnosed with PC.  

 

The incidence rates were calculated for specified time interval with respect to the brother’s 

diagnosis date. The incidence rates for first brothers were calculated by considering each man 

with one or more brothers with PC to be at risk only until earliest PC diagnosis date of any of his 

brothers. The incidence rates for subsequent brothers were calculated by considering a man to be 

at risk after first of his brothers was diagnosed with PC. The follow-up was restricted to 2000-

2021.  

 

The time difference between diagnostic dates was calculated for brother pairs diagnosed in 2000 

or later. The brothers were treated as having same or distinct community based as the place of 

residence at their time of diagnosis (4-digit community code). Difference in bias was estimated as 

difference in proportion of brother pairs with diagnosis dates within one year. The significance 

was assessed by permutation test, where residence category was 1000 times shuffled at random 

between the brother pairs. 

 

Difference in T stage and M stage distribution between first and subsequent brother was 

estimated by permutation test, where order of brothers was 1000 times shuffled randomly within 

family and chi-squared statistics were calculated for each iteration to obtain random distribution. 

The p-value was then derived by counting random samples where the test statistic was same or 

larger than in the original data. 

 

The impact of diagnosis order on overall survival was estimated by Cox’s proportional hazards 

models, considering men with one affected brother. The time-varying effect of second diagnosis 

order was considered, and respective hazard ratios (HRs) were calculated by specific follow-up 

period (1st-5th year, 6th-10th year and 11th-20th year). The HRs were adjusted for the diagnostic 

age (natural cubic spline with 3 degrees of freedom) and calendar year. Additionally, non-

parametric survival estimates were calculated using Kaplan-Meier method. The analysis was 

performed for separate groups based on diagnostic ages. The follow-up started at date of 

diagnosis and was terminated at death, after 20 years of follow-up or end of study period (29th 

December 2021), whichever came earlier. 

 

All statistical analyses and data visualization were done using SAS and R (version 4.4.0). 

 

To help interpretation of some of the results, the population sizes in 2010 were for Sweden 9.4 

million, Stockholm city 800,000, Gothenburg city 520,000, Malmö city 300,000. 

 

RESULTS 

 

Age-standardized incidence in PC in Sweden was followed from 1980 to 2021 in large cities and 

in the rest of Sweden (Fig. 1). A large increase in all entities is seen from mid-1990 onwards. The 

steepest increase is in the large cities, sites of prominent university hospitals, with maxima 

shortly after year 2000 and slow subsequent decline. The exception is Stockholm where a second 

and most dominant peak was reached in 2014 and a decline thereafter. 

 

Regional differences in annual proportions of diagnosed brother  
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We plotted the annual proportions of subsequent brothers diagnosed with PC after diagnosis of 

the first brothers (diagnosed at time 0). The comparison was done for the whole country and for 

the large cities (Stockholm, Gothenburg and Malmö) (Fig. 2). In the whole country, bias of the 

first-year diagnosis was larger when brothers lived in the same vs. different community (Fig. 2A-

B, p=0.007). When we analyzed the largest cities separately, Stockholm appeared to have the 

largest bias of all (Fig. 2C-D, Stockholm vs Gothenburg/Malmö p=0.3). In Supplementary Fig. 

1 data are shown for smaller communities (Sweden excluding the three big cities A-B) and the 

big cities together (C-D). In smaller communities the diagnosis bias was similar to the whole 

Sweden (Supplementary Fig.1A-B, p=0.016), while combining the data from the big cities 

(Stockholm, Gothenburg, Malmö) showed large bias even for different communities 

(Supplementary Fig 1C-D, same vs different community p=1). 

 

 

    

Age-specific incidence rates by diagnosis order 

 

Incidence rates for affected brothers were plotted in Fig. 3. The incidence for the first brother 

(dotted blue line) among two affected brothers peaked at 1700/100,000 at age 75-79 years, while 

for the second brother (solid blue line) the peak was higher (2000/100.000) and was reached 

earlier (65-69 years) than for the first brothers. The incidence excess for the second brother was 

highest at age 55 to 64 years and completely disappeared by age 75-79 years. For three affected 

brothers (red dotted and solid lines) the relationships were similar but with higher incidence 

levels and a large difference between subsequent brothers and the first one. For four affected 

brothers (green dotted and solid lines) the differences increased further. It is noteworthy that the 

incidence differences were large for the subsequent brothers in contrast to small differences for 

the first brothers.   

 

 

TNM between first and subsequent brothers 

 

The analysis was conducted for period 2004-2021 and in three age-groups, defined by diagnostic 

age of first brothers. Lymph node data were largely undefined (Nx) and not shown. For T stage, 

most cases were either T1c (PC diagnosed in PSA test) or T2-4 shown in Table 1. The relative 

proportions of T1c stages between the first and the subsequent brother for 2 brothers 

(subsequent/first brother) were 1.21 in the age-group <55 years, 1.10 in the age-group 55-69 

years and 1.21 in the age-group 70+; the share of T2-4 was lowest for youngest patients, p<0.001 

in each group. For 3+ brothers, a significant difference in stage distribution was observed only in 

55-69 years age-group (p<0.001), with T1c relative proportion of 1.18. It is noteworthy that for 

two and 3+ brothers the combined number of T1c patients in age-group 55-69 years was 

somewhat higher (5782) than T2-4 cases (4645) but for 70+ the opposite was the case (1557 vs 

1987). 

 

Similar analysis is presented for M stages but because of low number of M1 cases analysis was 

conducted for all ages combined (Table 1). For two brothers (combined 609 M1 patients) the 

relative proportion of M1 for subsequent brother was 0.2 (p<0.001) and for three brothers (80 M1 

patients) it was 0.5 (p=0.013).  

 

Survival 
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Overall survival of the brothers diagnosed with PC was analyzed by Cox’s proportional hazards 

models stratified by diagnostic age (Fig. 4). The HR associated with second diagnosis order was 

evaluated at different segments of follow-up period. In the youngest age-group (diagnostic age 

<60 years), significant survival advantage for second brother was observed during first five years 

(HR=0.54) and HR remained low throughout the follow-up. In the group diagnosed at 60-69 

years of age, significant advantage persistent during initial 10 years (1-5 years: HR=0.64, 6-10 

years: HR=0.79) but HR was 1.05 afterwards. In the oldest age-group (diagnosed at 70 or older), 

the HR was close to 1 throughout the follow-up. 

 

 

DISCUSSION 

 

The present study highlights the problem of detection bias in PC into the 2020s without any 

direct data on PSA measurements. We focus particularly on the features characterizing detection 

bias, defined in Introduction: high incidence and early onset of relative benign cancers. If there 

were no bias in diagnostics between brothers, their diagnostic dates should distribute according to 

their biological ages (null hypothesis); the generated data showed a strong bias for the subsequent 

brother to be diagnosed within a year from the first one (Fig. 2). The detection bias between 

brothers obviously depends on some form of communication between them. If they resided in the 

same community the bias was larger compared to those living in other communities which is 

understandable in terms of closer fraternal interactions (Fig. 2 and Supplementary Fig. 1). Bias 

between brothers was not detected before the PSA era (5). We will discuss the other results 

suggesting detection bias below. 

 

The hypothesis that diagnostic bias should show in increasing incidence and early onset was 

demonstrated in Fig. 3. The incidence for the first brothers in all included families was  higher 

than that for the background rate of men without family history; probably the increase was due to 

genetic basis of familial aggregation (20). For subsequent brothers, the incidence curves started to 

increase early, from age 50 years, and the trajectories deviated by the number of brothers in the 

brotherhood, shooting highest for four brothers and reaching a peak at 60-64 years, earlier than 

for those of smaller brotherships, and approximately 8 times over the background incidence. Of 

course genetic basis would contribute to these findings, however with an equal extent to first and 

subsequent brothers  (20). Thus, the excess between the subsequent and the first brother is the 

likely share of diagnostic bias. A further noteworthy feature of these data was the merging of 

incidence curves for the first and subsequent brothers at age 75-79 suggesting that diagnostic bias 

does not extend to old men. The reason for this may be communication between the brothers 

rather than PSA testing because the first comprehensive study on PSA testing prevalence in 

Sweden, covering the Stockholm county, found that in 2011 72.5% of 80-89 year old men had 

been tested within the last 9 years (21). Also, our data on 70+ year old men with T1c indicate that 

PSA test was done on old men.    

 

The Cancer Registry started to use the TNM classification in 2004 and we could confirm that the 

codes for T and M were relatively complete for all patients while those for lymph nodes were 

largely undefined Nx. For two brothers increased T1c and decreased T2-4 proportions 

consistently suggested diagnostic bias for the subsequent brothers (p<0.001); the data for three 

brothers agreed for the patient group with most cases (Table 1). Proportions of metastatic cases 

(M1) were in line with the T data. Even though the differences for T and M were highly 
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significant, the differences of the proportions were small (relative proportions of T1c ~1.2). A 

previous Swedish study analyzing risks to subsequent brothers until the end of 2006 reported a 

relative risk for subsequent brother (many diagnosed in the same year) of 3.1 and for a metastatic 

disease of 2.0 (6). A likely reason for the high risks was the young age of the sibling population, 

median age of brothers was 60 years (range 20-75 years) (in the family databases brothers could 

be identified after birth year 1932 )(19).  

 

Survival analysis was in part consistent with the T and M data as it showed survival advantage 

for second brother that was dependent on diagnostic age and time of follow-up. 

In the youngest group, the hazard ratios remained low throughout follow-up, while in patients 

diagnosed at 60-69 the survival advantage disappeared after 10 years. In contrast, for the patients 

in the oldest group, diagnosis order was not associated with survival outcomes, which might be 

explained by diminished diagnostic bias at this age-group (Fig. 3). The transient survival 

advantage in the largest age group.is also consistent with a recent comprehensive conditional 

survival study on PC from Sweden (22). In T4 and particularly in M1 patients, the first 2.5-year 

survival is very critical, but those who survive this period are more likely to survive the following 

2.5 years (22) 

 

The increase in incidence rates for PC around the time of introduction of PSA testing, in contrast 

to relatively stable mortality rates, has been a main argument suggesting that PSA testing has 

been a critical driver for the incidence trends in Europe (23). Although the aim of the present 

study was to focus on evidence of diagnostic bias in a familial setting, we generated data on 

regional PC incidence trends which call for interpretation. The rapid increase in incidence 

starting in the mid-1990 and culmination after year 2000 is consistent with reported PC incidence 

trends for Sweden (23). However, as in our earlier study in which we compared PC incidence 

data between the Nordic countries and used large smoothing bandwidths, the Swedish maximum 

for PC incidence rounded up to a maximum at about 2015, later than the maxima for the other 

countries (24). That study focused on survival and we did not analyze incidence further. 

However, the answer to that conundrum is provided by our present study: the massive sharp 

increase in incidence in 2014 for Stockholm. It probably also explains why the bias between 

brothers appears to be largest in Stockholm.    

 

Most Swedish health care is organized by public primary and specialist centers (25). National PC 

data has been reported in Sweden annually in the quality registers; the first available electronic 

register is for year 2014 with some information also from the previous years (https://npcr.se/wp-

content/uploads/2015/09/20150930_npcr_nationell_rapport_2014.pdf). It shows that private 

clinics have become major actors in PC treatment, particularly in Stockholm. Public funding 

(taxes) supports the activity in private clinics according to agreements. Of the total number of 

diagnosed PCs in Sweden in 2014 (10,452), the share of Stockholm was 3347 patients; of the 

Stockholm total, private clinics diagnosed 73% (2455) patients while public clinics diagnosed 

892, including the Karolinska hospital with 130 patients. Total number of diagnosed PCs in 

Stockholm declined to 2146, 1847 and 1623 in years 2015, 2016 and 2018, as private clinics also 

diagnosed fewer patients. Although we are lacking case numbers from private clinics prior to 

2014, the above figures point out that the Stockholm incidence peak for PC of 2014 was caused 

by a high transient diagnostic activity by private clinics. In 2014, 1141 PC patients were 

diagnosed with very low risk (1a) in Sweden, and of these 53% (610) were diagnosed in 

Stockholm private clinics. The private sector has benefited from access and waiting time 

problems of the public sector (25). 

https://npcr.se/wp-content/uploads/2015/09/20150930_npcr_nationell_rapport_2014.pdf
https://npcr.se/wp-content/uploads/2015/09/20150930_npcr_nationell_rapport_2014.pdf
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A limitation of our study is that we are lacking PSA data which however is nowhere available at 

the national level. Diagnostic data from the era before PSA testing would have helped to 

compensate for the deficit but unfortunately the structure of the current database allows 

identification of brothers first after birth year 1932, and case numbers for PC would be negligible 

before 1990 when the PSA testing started. Another limitation is that in this setting we cannot 

quantify the possible detection bias in the brothers diagnosed first. 

 

In conclusion, the provided data on diagnostic times, incidence, and stage of disease were 

consistent with diagnostic bias affecting subsequent brothers in reference to first diagnosed 

brothers. The bias appeared to be highest in large cities with ample diagnostic facilities. Although 

the present data showed generally less advanced PC in subsequent compared to the first brothers, 

there is nevertheless a general correlation in disease stage between brothers, which has been 

previously demonstrated (26). Thus, diagnosis of an aggressive PC in a man is followed by an 

appropriate treatment but should also warrant a more rigorous follow up of the close family 

members. 

 

 

FIGURE LEGENDS 

 

Fig. 1. Age-standardized (world) incidence rates for prostate cancer in three large Swedish cities 

and the rest of the country. 

 

Fig. 2. Time difference between diagnosis of brothers in prostate cancer from 2000 to 2021. The 

first brother is diagnosed at time 0, and the years of diagnosis of the subsequent brothers are 

listed on x-axis. Y-axis gives the proportion of all subsequent brothers. A) brothers live in the 

same communities in Sweden; B) brothers live in the different communities in Sweden; C) 

brothers live in Stockholm; D) brothers live in Gothenburg or they live in Malmö (living in same 

cities). 

 

Fig. 3. Age-specific incidence rates first (dashed lines) and subsequent prostate cancers when 2 

(blue), 3 (red) or 4 (green) brothers were diagnosed in the same brothership. The bottom (black) 

line shows incidence rates for men lacking affected brother.  

 

Fig. 4. Overall survival for brothers who were diagnosed with prostate cancer. Top: Kaplan-

Meier survival estimates by diagnostic order of affected brothers, stratified by age at diagnosis. 

Bottom: HR with 95% CI for second brother with respect to first brother, derived from Cox’s 

proportional hazards models, adjusted for age and calendar year. 

 

LEGEND TO SUPPLEMENTARY FIGURE  

 

Supplementary Fig. 1. Time difference between diagnosis of brothers in prostate cancer. The 

first brother is diagnosed at time 0, and the years of diagnosis of the subsequent brother are listed 

on x-axis. Y-axis gives the proportion of all subsequent brothers. A) brothers live in the same 

small communities (other than the three large cities); B) brothers live in the different small 

communities; C) brothers live in same large cities considering Stockholm, Gothenburg and 

Malmö; D) brother live in the different large cities. 
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Table 1  Distribution of T and M stages at diagnosis in brothers with PC (2004-2021), based on number of brothers and diagnosis order. 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

       

 

 

 

 

 

 

 

 

*Defined by age at diagnosis of first brother  

** proportion of T1c in subsequent bother / proportion of T1c in first brother 

 

N brothers 
Age 
group* 

dg order T1abx T1c 
T1c 
subseq/first** 

T2-T4 p value 

2 brothers 

<55 
first 21  (0.06) 214  (0.56) 

1.21 
146  (0.38) 

<0.001 
subsequent 6  (0.02) 260  (0.68) 115  (0.30) 

55-69 
first 282  (0.06) 2433  (0.51) 

1.10 
2025  (0.43) 

<0.001 
subsequent 139  (0.03) 2638  (0.56) 1963  (0.41) 

70+ 
first 123  (0.07) 639  (0.38) 

1.21 
932  (0.55) 

<0.001 
subsequent 54  (0.03) 773  (0.46) 867  (0.51) 

3+ brothers 

<55 
first 2  (0.05) 19  (0.44) 

1.36 
22  (0.51) 

0.31 
subsequent 4  (0.04) 56  (0.6) 34  (0.36) 

55-69 
first 36  (0.08) 202  (0.44) 

1.18 
222  (0.48) 

<0.001 
subsequent 36  (0.04) 509  (0.52) 435  (0.44) 

70+ 
first 4  (0.04) 40  (0.37) 

1.22 
63  (0.59) 

0.18 
subsequent 3  (0.01) 105  (0.45) 125  (0.54) 

N brothers dg order M0/Mx M1 p value 

2 brothers 
first 6634  (0.95) 364  (0.05) 

<0.001 
subsequent 6753  (0.96) 245  (0.04) 

3+ brothers 
first 593  (0.94) 35  (0.06) 

  0.013 
subsequent 1305  (0.97) 45  (0.03) 
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HRsecond 95% CI

1-5 years 0.54 [0.34 - 0.86]

6-10 years 0.80 [0.49 - 1.32]

11-20 years 0.63 [0.34 -1.15]

HRsecond 95% CI

1-5 years 0.64 [0.54 - 0.77]

6-10 years 0.79 [0.66- 0.96]

11-20 years 1.05  [0.85 - 1.30]

HRsecond 95% CI

1-5 years 1.06 [0.91 - 1.22]

6-10 years 1.03 [0.85 - 1.24]

11-20 years 0.97 [0.70 - 1.36]

<60 years 60-69 years 70+ years

Fig. 4
First brother
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Supplementary Fig. 1. Time difference between diagnosis of brothers in prostate cancer. The 

first brother is diagnosed at time 0, and the years of diagnosis of the subsequent brother are 

listed on x-axis. Y-axis gives the proportion of all subsequent brothers. A) brothers live in the 

same small communities (other than the three large cities); B) brothers live in the different 

small communities; C) brothers live in same large cities considering Stockholm, Gothenburg 

and Malmö; D) brother live in the different large cities. 
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