Author's Accepted Manuscript e

=

Risk Prediction of Prostate Cancer with Single Nucleotide Polymorphisms (SNPs)
and Prostate-Specific Antigen (PSA)

Sam Li-Sheng Chen , Jean Ching-Yuan Fann , Csilla Sipeky , Teng-Kai Yang ,

Sherry Yueh-Hsia Chiu , Amy Ming-Fang Yen , Virpi Laitinen , Teuvo LJ. Tammela ,
Ulf-Hakan Stenman , Anssi Auvinen , Johanna Schleutker , Hsiu-Hsi Chen

Pl S0022-5347(18)44024-4
DOI: https://doi.org/10.1016/j.juro.2018.10.015
Reference: JURO 15863

To appear in:  The Journal of Urology
Accepted Date: 4 October 2018

Please cite this article as: Chen SLS, Fann JCY, Sipeky C, Yang TK, Chiu SYH, Yen AMF, Laitinen V,
Tammela TL, Stenman UH, Auvinen A, Schleutker J, Chen HH, Risk Prediction of Prostate Cancer with
Single Nucleotide Polymorphisms (SNPs) and Prostate-Specific Antigen (PSA), The Journal of Urology®
(2018), doi: https://doi.org/10.1016/j.juro.2018.10.015.

DISCLAIMER: This is a PDF file of an unedited manuscript that has been accepted for publication. As a
service to our subscribers we are providing this early version of the article. The paper will be copy edited
and typeset, and proof will be reviewed before it is published in its final form. Please note that during the
production process errors may be discovered which could affect the content, and all legal disclaimers
that apply to The Journal pertain.



https://doi.org/10.1016/j.juro.2018.10.015
https://doi.org/10.1016/j.juro.2018.10.015
mailto:jumedia@elsevier.com

Risk Prediction of Prostate Cancer with Single Nucleotide

Polymor phisms (SNPs) and Prostate-Specific Antigen (PSA)

Sam Li-Sheng ChénJean Ching-Yuan FafrCsilla Sipeky, Teng-Kai Yan§®, Sherry Yueh-Hsia Chfu
Amy Ming-Fang Yen, Virpi Laitinen’, Teuvo LJ TammefaUlf-H&kan Stenmatt® Anssi Auvinert’,
Johanna Schleutk€r Hsiu-Hsi Chen

! School of Oral Hygiene, College of Oral Medicifi@jpei Medical University, Taipei, Taiwan

2 Department of Health Industry Management, Schéélaalthcare Management, Kainan University, Tao-
Yuan, Taiwan

% Department of Medical Biochemistry and Genetiostitute of Biomedicine, University of Turku,
Finland

4Department of Urology, National Taiwan Universitp$pital

®Graduate Institute of Epidemiology and Preventivediine, College of Public Health, National Taiwan
University, Taipei, Taiwan

6Department and Graduate Institute of Health Caradgament, College of Management, Chang Gung
University, Tao-Yuan, Taiwan

" Institute of Biomedical Technology/BioMediTech, iMersity of Tampere, Tampere, Finland

8Department of Urology, Tampere University Hospitald Faculty of Medicine and Biosciences,
University of Tampere, Tampere, Finland

o Department of Clinical Chemistry, Helsinki UnivitysCentral Hospital, Helsinki, Finland
10 Faculty of Medicine, University of Helsinki, Hedii, Finland
1 Faculty of Social Sciences/Section of Health Smésn University of Tampere, Tampere, Finland

12Department of Medical Genetics, Turku Universitysdital, Turku, Finland

Running head: Prediction for Prostate Cancer by PSA and Geiretigmorphisms

Correspondence & reprint requests to: Hsiu-Hsi CRénD., Division of Biostatistics,
Graduate Institute of Epidemiology and PreventivedMine, College of Public Health,
National Taiwan University, Room 521, 5F, No. 1£Bow Road, Taipei 100, Taiwan
Tel: +886-2-33228033, Fax: +886-2-23587707

E-mail: chenlin@ntu.edu.tw



Abstract

Purpose: Combined information on single nucleotide polymaspts (SNPs) and
prostate-specific antigen (PSA) offers opportusif@ improving the performance of
screening by risk stratification. We aimed to pecethe risk of prostate cancer (PrCa)
based on PSA together with SNPs information.

Materialsand M ethods: Prospective study of 20,575 men with PSA test g@4men
with polygenic risk score for PrCa based on 66 Si#a the Finnish population-based
screening trial for PrCa and 5,269 samples on s8MdPs from the Finnish PrCa DNA
study. Bayesian predictive model was built forrasting the risk of PrCa by sequentially
combining genetic information with PSA in compariseith PSA alone among study
subjects limited with 4 ng/mL or above.

Results: The posterior odds for PrCa based on seven SNjesher with the PSA level
ranged from 3.7 at 4 ng/mL, 14.2 at 6 ng/mL, 40@.8 ag/mL, to 98.2 at 10 ng/mL. The
area under receiver operating characteristic cwmasgelevated to 88.8% (95% CI:
88.6%-89.1%) with PSA in combination with the rigtore based on seven SNPs in
comparison with 70.1% (95% CI: 69.6%-70.7%) withPAR8one. It was further escalated
t0 96.7% (95% CI: 96.5%-96.9%) when all prostatecea susceptibility polygenes were
combined.

Conclusions: Expedient use of multiple genetic variants togethiéh information on
PSA levels better predicts the risk of PrCa thaA Riéne and allows higher PSA cut-
offs. Combined information also provides a basigik stratification that can be used

for optimizing the performance of PrCa screening.



I ntroduction

Several international collaborative genome-wisigoaiation studies have been
conducted to identify genetic factors in assocratigth hereditary predisposition to
prostate cancer (PrCa). A constellation of >12@QIsimucleotide polymorphisms (SNPs)
have been revealed with several located in fiverlmsomal regions-three at 8g24 and
one each at 17q12 and 17q24°3Although the effect of each of the SNPs on thie fis
PrCa is small to moderate, a strong cumulativeaason has been demonstrated by
using several SNPs in combinatiBMultiple prostate cancer-specific multigene panels
have been evaluated for detection of PfClse of the major SNPs offers an opportunity
to identify sub-groups of men with PrCa risk substdly below and above the
population average.

In parallel with these genome-wide studies, ffiecéveness of population-based
screening for PrCA with prostate specific-antige8SA) has been intensively researched.
However, the effectiveness of screening in reduanogtality is still debatable due to
conflicting results of the two major randomizedclsiand the balance between benefits
and harms remains uncertdihTo enhance the efficiency and reduce the harm, i.e
overdiagnosis caused by screening, combining geimétirmation together with PSA
given age and genetic variant holds promise forenaacurate identification of high-risk
men with potential for large screening benefits.

The purpose of this study was to develop a Bayesigorithm to predict the risk of
PrCA based on PSA data together with the SNPsifazghfrom the Finnish PrCa DNA

study and the Finnish population-based screenialgfdr PrCA in order to compare the



performance of the risk prediction for PrCa betwBP&A alone and PSA with the

incorporation of information on SNPs.



M ethods

Study Subjectsand Design

To estimate the risk of PrCa based on PSA amtt®sl SNPs, we combined two
Finnish datasets, one from the population-basedioraized screening trial during 1996-
2007 (20,575 men enrolled) and an unselected pa@ezies from Tampere University
hospital during 1994-2013. The details of studyigteand preliminary results for the
former have been published previod&ff and the mortality results have been published
also as a part of the ERSPC tfidlhe dataset included DNA samples collected from
2,959 individuals who participated in the Finnishegning trial (518 prostate cancers
and 2,441 prostate cancer-free subjects) plus pBifiate cancer patients from the
Tampere University Hospital. It should be noted théormation derived from the two
datasets are complementary with each other asetietig dataset from the unselected
patients included wide-scale genetic informatiotveith incomplete PSA data whereas
the opposite was for the screening trial. Figugiveés a summary of the estimates of
interest, the use of model and distribution, artd daurces.

In order to do the risk stratificatiohRrCa, we adopted Bayesian sequential
design by first classifying PSA into 13 categomath an increment of 0.5 ng/mL in
study subjects limited with 4 ng/mL following theual PSA threshold for referral to
biopsy. Given the risk of PrCa by PSA level, wetheded information on SNPs in a
sequential manner from seven selected SNPs basaasefected patients to 66 SNPs
based on the screening trial. Receiver operatiagacieristic (ROC) was used to assess
the performance of the combined PSA and informatioi®NPs in comparison with PSA

alone following the risk predicted by Bayesian aiidon.



Genetic polymor phisms

To incorporate information on SNPs in associatigth WrCa, we assessed the
combined effects of seven SNPs, rs4242382, rs698386601979, and rs1447295 at
8024, rs104865677 at 7p15.2, rs138213197 and r8625& 17921. The risk allele A of
rs424238 at 8924 has been previously reported tsbeciated with PrCa and aggressive
PrCa. The risk allele G of rs10486567 at 7p, ttiem?2 of the JAZF zinc fingerl gene
(JAZF1) is commonly seen in EuropeafisThe association between rs138213197 in
HOXB13 and the risk of hereditary PrCA has alsonbeddressed? and the effect has
been shown to be especially strong in the Finnighufation’® With the advent of more
SNPs in association with PrCa susceptibility, thalgsis using polygenetic risk score
was based on 66 SNPs for a sample of the trialkcgaants, 1093 men with PrCa and

3874 men without PrCY.

Statistical Analysis

To fit the normal distribution, the PSA concatibns were transformed into
logarithms. The distributions of PSA in men witidavithout PrCa as well as aggressive
PrCa (Gleason scoeg) are given in the Appendix Tables 1 and 2. Toiporate
information on SNPs, we first assessed the effgfotsich of seven SNPs on PrCa and
aggressive PrCa by logistic regression analysis.éffects of the combined seven SNP
on PrCa and aggressive PrCa was evaluated by tws, tvaating each SNP as a
dichotomous variable, and treating seven SNPspadygenic risk score. Such a risk-

score-based approach was further applied to 66 SNPs



The optimal cutoff of PSA based on receiver opatatiharacteristics (ROC) curve
was calculated by the largest value of the form8&msitivity + Specificity — 1, from
each PSA cut-off. The bootstrap method was addpteshmpling individuals with
replacement from the original sample to validategrediction model. The sample size
varied according to the number of events per véi@BPV) from 10 to 80. As the
genetic variants associated with PCa are heterogené is necessary to make a
comparison across different ethnic groups or pdjoria by using the information on the
proportion of each SNP in population and the eftéaach SNP to PrCa risk. We used
results from the previous Zheng’s stfityr external validation of developed model. The
details of the algorithm developed by using Bayesiaderpinning are given in the

Appendix. Data analysis was performed with SASahd Winbugs software.



Results

Estimates of therisk for PrCa (Posterior Odds) by different levels of PSA

Table 1 shows the likelihood ratios for log(PSAYldhe SNPs, as well as the
posterior odds by PSA levels given the prior odd<2(78) for the risk of PrCa for men
aged 60 years or younger at baseline. Our modelsed to discern the PrCa cases from
4 ng/mL upward given the posterior odds by comlgri®$A and 7 SNPs, increasing
from 3.7 (95% CI1:1.6-10) at 4 ng/mL of PSA to 9@5% Cl:27.3-437.5) at 10 ng/mL of
PSA. The likelihood ratio based on the presendbefisk alleles of 7 SNPs was 2.8
considering the weighted distribution (the propmrtof each SNP in population)
contributed from each SNP (see the footnote ofd@ahpl The frequencies of these 7
SNPs in patients and controls are listed in Appefdibles 2-1 to 2-7. The
corresponding posterior odds for PrCa based orsdske model with 7 SNPs as well as
all susceptibility polygenes are presented in Aglpeifables 3-1 and 3-2. The posterior
probability of PrCA by age and PSA level takingNFs into account was simulated and

the results are shown in Figure 2.

ROC curveslimited to men with PSA >4 ng/mL

Adding SNP information to this risk group substaltyienhanced the
performance of risk prediction for PrCA as the arader curve (AUC) from 70.1%
based on PSA only to 95.8% based on PSA combingdABNPs when each of SNP

was treated as a binary variable (Figure 3).



Figure 4 (A) shows the corresponding figure was8&8with 7 SNPs and was
elevated to 96.7% when 66 SNPs were consideredeobasis of the risk-score-based
approach. It is very interesting to see PSA conbimigh 66 SNPs was not able to
enhance the performance of risk prediction for aggive PrCA as good as PSA
combined with 7 SNPs (Figure 4(B)). The AUC incexhffrom 77.0% based on PSA
alone to 83.8% based on PSA combined with 7 SNResesls 80.6% of the AUC was

noted when PSA was combined with 66 SNPs.

External Validation

The proposed predictive model was further exteriddedcorporate 5 SNPs from the
Zheng's study.Considering the 5 SNPs, the odds of PrCa wast24qhg/mL compared
with 2 at 0.6 ng/mL (Table 2). The optimal cutofsv9.9 ng/mL when using PSA plus 5
SNPs. The corresponding AUC was 86.8% (95% CI:9863G.0%).

The external validation based on four common SM$1869962, rs16901979,
rs6983267, and rs1447295) from the Finnish and @kestudies was also conducted.
The predicted ROC curve was built by applying #agression coefficients of 4 SNPs
obtained from the Zheng’s study to the empiricainish PSA data. The comparison
between the externally predicted ROC and the oleslROC of the Finnish PSA data is
shown in Figure 5. We found that AUC of 81.7% (96%81.5%-82.0%) in the Zheng’s
study was slightly lower than the 85.3% (95% CI:185-85.5%) in Finnish data
(P<0.0001). The statistical significant differerszggests the results are not compatible

even if the difference in the ROC values was nbsgntial.



Discussion

Using a novel clinical prediction algorithm withafgesian underpinning that
provides a feasible approach for the risk strattfan of PrCa by combing information on
PSA multiple genetic variants identified from geremide studies, we demonstrate here
that adding available SNPs information to subjegte PSA > 4 ng/mL increased
predictive ability of AUC substantially (by 25 pertage points) in our analysis. The
enhanced predictive ability resulting from addiabmformation on SNPs noted in the
current study was supported by the recent findiag of 7.7-fold difference between the
top and bottom 10 percent of polygenic risk sc@iag 147 prostate cancer-susceptibility
variants:’ This finding leads to the following three merits PSA screening. Firstly, the
combined use of information on PSA and the SNPs madyce false negative cases
missed at PSA screen (such as interval cancespras men with low PSA levels may
nevertheless have an increased risk of PrCA if taegy one or more high-risk alleles.
The posterior odds was 4-fold higher than the dramed on PSA alone at 4 ng/ml if all 7
risk SNPs were present. Second, so doing may ethee false positive results. The
optimal cut-off was raised from 9.1 to 10.7 wheformation on the 7 SNPs is added,
which is likely to reduce the frequency of scre@asipve findings (Among men with4
ng/mL, 17.5 % of men had PSA>9.1 ng/mL in our scheg data). Third, the large
contrast in PrCa risk between high and low-riskugoprovides opportunities for
individually tailored screening strategy includiting adoption of screening tool, inter-
screening interval, and age to begin with screée. fligher the risk predicted by the
proposed model, the more advanced detection metthedhorter inter-screening

interval, and the earlier age of commencing scregshould be consider&d
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There are four concerns that should be addressedroeen both methodological
and application viewpoints. A key methodologicahcern is the assumption that the
SNPs are independent of PSA level, which remaipeifectly verified. It could be
debated whether such an assumption is reasonaplevious study demonstrated that
the five PrCA associated SNPs were independenBaflBvelS. There is no significant
association between SNPs and PSA concentratioatienp sampled*° Accordingly,
the joint effect of PSA and these seven SNPs carabily decomposed into the product
of their independent effects. Although this assuompis supported by Zheng et al., it
should be empirically verified before applying ¢&trCa risk stratification algorithm for
screening. It should be noted that AUC decreased 85.8% in independent effect
model treating the effect of each SNP as a binarialile to 88.8% in risk-score-based
model for selected 7 SNPs. The risk-score-basec:hwash capture the correlations
within selected SNPs. Unfortunately, the risk-baggeproach cannot be validated by
Zheng's study as risk score was not available filoar study.

As far as the consistency of results across esudiconcerned, the performance of
our results were compatible but slightly highemtti@ose previous findings that
predicting the risk for PrCa with PSA limited to R84 ng/mL?°?*with the ranges of
AUCs from 61 to 71%. The higher AUC in ROC analysight be arguable with
whether the predictive model is reliable in terrhsample size. To relieve this concern,
the internal-validation by bootstrap method wasdfwe performed. With 500 bootstrap
replications, the mean AUCs were ranged betweelD€8and 68.01% for EPV from 10

to 80, respectively. The estimated optimism wa$% @= 69.10%-68.04% (full samples))
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for EPV=10, which shows good discrimination. Widlnde sample size (EPV=40 or 80),
a reduction in optimism but not a substantial défece was found, suggesting the
reliability of the prediction model.

Another concern is the variation in genetic ris&giction across populations, i.e.
population stratification. The genetic determinasft®rCa risk from different
populations are not highly consistent, suggestiag the genetic factors underlying
hereditary susceptibility may vary between popolati The validation was not well
fitted in our analysis of external validation. Thisggests that different SNPs will need to
be incorporated in different populations. It idl sthclear to what extent the proposed
model can be applied to populations other than e/lidras been developed (possible
overfitting). The contribution of additional SNPspends on their frequency, effect size
and independence of the already incorporated SN&sever, we found that PSA
combined with risk-score-based approach basedSMP& out-performed PSA combined
with polygenetic risk score based on 66 SNPs & prediction of aggressive tumor.
Such a finding for aggressive prediction was nenhictal to that for the risk of PrCA.
This suggests that the majority of 59 additionaPShhay not be predictive of aggressive
PrCa in comparison with seven SNPs. The explanaitmt seven SNPs may
predispose people with family history of PrCa tgr@gsive PrCa but other 59 SNPs may
not have such a predisposition. This postulatesuaported by the recent finding from
Chen et al stud$ that the incorporation of GRS to family historyndenprove the
detection of aggressive PrCa. However, this deseavfarther research to verify.

Finally, although our risk stratification by comgiPSA and SNP information can

provide an efficient personalized preventive styatey reducing false negative results
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and also false positive findings, the incorporatbigenetic information may involve
substantial costs. It is of great concern over ireimproved performance in early
detection can outweigh the cost incurred by theetieesting, particularly when the unit
cost of such genetic testing at population levalide reduced due to an economic
scale. However, this requires a formal cost-eiffeciess analysis for the evaluation of
the net balance between costs from genetic teatidgoenefits from early detection.

In conclusion, the expedient use of midtgenetic variants in seven chromosomal
regions associated with PrCa risk together witbrimiation on PSA through a Bayesian
reasoning algorithm improves risk stratificatiorhigh could provide the basis for risk-

adapted PrCa screening to maximize its benefitsx@nanize the harms.
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FIGURE LEGENDS
Figure 1. Summary of the estimates of interest, the useaafahand distribution, and

data sources.

Figure 2. Posterior odds of prostate cancer by age with trauk considering seven

SNPs Finnish Study.

Figure 3. Receiver operating characteristic curves for @testancer based on PSA alone

and PSA plus genetic data (seven SNPs).

Figure 4. Receiver operating characteristic curves for ptestancer (A) and aggressive
prostate cancer (B) based on PSA alone, PSA gksacre with seven SNPs, and PSA

plus polygenetic risk score.

Figure5. Receiver operating characteristic curves for ewievalidation based on four

common SNPs(rs1859962, rs16901979, rs6983267,s44d 729
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Table 1. Posterior odds of prostate cancer by R84l based on seven SNPs, the Finnish prostatercaoreening trial

Men younger 60 years Men aged 63-71 years
P(PSAID)/P(PSAD )  PENPLSVPL .. SNPIID) - posterior Odds by combing PSA P(PSAID)P(PSAD ) PENPLSNPS, ... SVFID) Posterior Odds by combing
PS Likelihood Ratio ~ 2GNA'SNE,.., SNA'ID) Likelihood Ratio P(SNE',SNE, ..., SNF/ID)
: SNP-specific risk and 7 SNPs - SNP-specific risk PSAand 7 SNPs
Level glV(ZrA]\ )PSA (pB) ©) glvczR )PSA (pB) ©)
Estimate Estimate Estimate 95%ClI Estimate Estimate Estimate 95%CI
4.0 3.8 2.8 3.7 (1.6-10) 1.39 2.8 1.3 (0.6-3)
4.5 55 2.8 5.4 (2.2-15.3) 1.86 2.8 1.8 (0.8-4.2)
5.0 7.7 2.8 7.6 (3-23.3) 2.42 2.8 2.3 (1.1-5.6)
55 10.7 2.8 10.5 (3.9-33.6) 3.10 2.8 2.9 (1.3-7.5)
6.0 14.5 2.8 14.2 (5.2-47.5) 3.89 2.8 3.7 (1.6-10)
6.5 19.3 2.8 18.8 (6.5-65.7) 4.82 2.8 4.6 (2-12.7)
7.0 25.3 2.8 24.7 (8.4-89.1) 5.90 2.8 5.6 (2.4-16)
7.5 32.7 2.8 31.9 (10.3-122.6) 7.16 2.8 6.8 (2.8-20.1)
8.0 41.8 2.8 40.7 (12.9-157.4) 8.60 2.8 8.2 (3.2-24.7)
8.5 52.9 2.8 51.5 (15.6-207) 10.25 2.8 9.7 (3.8-30.2)
9.0 66.1 2.8 64.9 (18.9-267) 12.14 2.8 11.5 (4.4-36.7)
9.5 81.9 2.8 79.8 (22.6-348.4) 14.27 2.8 13.6 (5-44.5)
10.0 100.8 2.8 98.2 (27.28-437.5) 16.64 2.8 15.7 (5.7-54)

# Considering seven SNPs (rs4242382 & rs1048656518901979 & rs6983267& rs138213197 & rs1447295X869962) from the Finnish DNA study
The likelihood ratios: 1.88 (95% Cl:1.42-2.49) fed242382, 1.68 (95% Cl:1.35-2.09) for rs104869645 (95% CI:1.18-1.77) for rs1601979, 1.54 (95%
Cl:1.36-1.74) for rs6983267, 8.98 (95% CI:5.51-B} #r rs138213197, 1.93 (95% Cl:1.46-2.56) forde$1295, and 1.42 (95% CI:1.25-1.61) for rs1859962,
P(SNP{ SNPS,..SNPF|D). . . N . .
P(SNP;SNP;MSNP;ll_)).exp (0.0438*l0g(1.88) +0.933*log(1.68) +0.0818*(&gt5) +0.285*I0g(1.54) +0.0367*l0og(8.98) +0.044dg(1.93)
+0.7558*0g(1.42)) =2.8

_ P(D)
© = 55, % W x B




Table 2. Posterior odds of prostate cancer by R84l based on five SNPs data from Zheng’s study

Men younger 60 years Men aged 63-71 years
PS ngse’afgféps:g)o ) % Posterior Odds by I(::)#(;mbing PSA Pﬁf’fgﬁfg%fﬁo ) m Posterior Odds by I(::)‘gmbing PSA
Level given PSA SNP-specific risk and 5 SN given PSA risk and 5 SN
(A) (B) © (A) (B) ©)
Estimate Estimate Estimate 95%Cl Estimate Estimate Estimate 95%Cl
4.0 3.8 1.7 2.3 (1-6.1) 1.39 1.7 0.8 (0.4-1.8)
4.5 55 1.7 3.4 (1.4-9.5) 1.86 1.7 1.1 (0.6-2.6)
5.0 7.7 1.7 4.8 (1.9-14.4) 2.42 1.7 15 (0.7-3.5)
55 10.7 1.7 6.7 (2.6-21) 3.10 1.7 1.9 (0.9-4.6)
6.0 145 1.7 9.0 (3.4-29) 3.89 1.7 2.3 (1.1-6.1)
6.5 19.3 1.7 11.9 (4.3-41.4) 4.82 1.7 2.9 (1.3-7.8)
7.0 25.3 1.7 15.7 (5.4-55.8) 5.90 1.7 3.5 (1.5-9.9)
7.5 32.7 1.7 20.3 (6.7-75.5) 7.16 1.7 4.3 (1.8-12.5)
8.0 41.8 1.7 26.0 (8.3-100.2) 8.60 1.7 5.2 (2.1-15.4)
8.5 52.9 1.7 32.7 (10.1-129.9) 10.25 1.7 6.2 (2.5-18.7)
9.0 66.1 1.7 40.8 (12.3-168.2) 12.14 1.7 7.3 (2.8-23.1)
9.5 81.9 1.7 50.7 (14.7-217.1) 14.27 1.7 8.6 (3.3-27.5)
10.0 100.8 1.7 62.4 (17.74-271) 16.64 1.7 10.0 (3.7-33.1)

# Considering five SNPs (rs4430796, rs1859962,981879, rs6983267, and rs1447295) from Zheng'systud

P(SNP; SNPS,..SNPZ|D) . Y . . . :
P(SNPf,SNP;,...,SNP;|5)'eXp(0'56 log(1.38)+0.5*log(1.28)+0.03*log(1.53)-60*log(1.37)+0.14*log(1.22)) =1.7
(©) = 22 % (4) X (B)

P(D)
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Abbreviations

AUC AreaUnder Curve

PSA Prostate-Specific Antigen

PrCa Prostate Cancer

ROC Receiver Operating Characteristic
SNPs  Single Nucleotide Polymorphisms



Prediction of therisk of PrCawith SNPsand PSA levels by using Bayesian clinical
reasoning

We adopted a Bayesian clinical reasoning to estimate PSA- and SNP-based posterior odds
for PrCa by updating the baseline risk of PrCa (prior) with the likelihood ratios between PrCa
positive and negative men formed by the two corresponding distributions of PSA and the other
likelihood ratio based on SNPs contribution, which is equivalent to the ratio of sensitivity to false
positive, yielding the ROC curve. The posterior odds of developing prostate cancer given a
specific PSA level and the SNPs of interests by the Bayesian a gorithm considering different

scenarios are derived as follows:

(1) With seven SNPs
P(D|SNP},SNP;, ..., SNP}, PSAp)
(D|SNP[,SNP;', ..., SNP;*, PSAp)
_P(D) P(PSAy|D, SNP;t,SNP;, ..., SNP;) y P(SNP{', SNP{, .., SNP|D)
P(D) " P(PSA5|D,SNP},SNP;,...,SNP) ™ P(SNP},SNPS, ..., SNP}|D)

, where D represents the event of prostate cancer, and D isthe complement of D (non-
disease). P(D) is prior probability of prostate cancer and P(D) is prior probability of being free
of prostate cancer.

Assume PSA level isthe conditionally independent of SNP once the disease statusis

P(PSAp|D)

determined. The formula can be simplified as —
P(PSA5|D)

Let PSAp and PSA; denote PSA in men with and without prostate cancer. Both follow the two

normal distributions, indicated by N(u,, , 02) and N(uj , o£); the likelihood ratio then becomes

P(PSAp |D,SNP{ SNPJ,..SNPH)_ |op % ex 1|(Psap_up PSAp_ug
P(PSAp |D,SNP{,SNPS,..SNPS)  |op p 2 op o5

up : the average estimate of PSA for prostate cancer cases

op  standard deviation of PSA for prostate cancer cases



<
Ol

ST

: average PSA for prostate cancer free men

: standard deviation of PSA for prostate cancer free men



Appendix Table 1-1: The distribution of PSA with log transformation among men with and without prostate cancer in the Finnish
prostate cancer screening tria

Free of Prostate Cancer Prostate Cancer
Age \ 0g(PSA), \ TogPSA)
Mean(SD) Mean(SD)

Age55-59 399 1.742(0.325) 227 2.156(0.705)  <0.0001

Age63-71 719 1.801(0.346) 388 2.251(0.801)  <0.0001

Overal 1118 1.780(0.340) 615 2.216(0.768)  <0.0001

* Adjusting for age



Appendix Table 1-2: The distribution of PSA with log transformation among men with and without aggressive prostate cancer in the
Finnish prostate cancer screening trial

Free of Aggressive Aggressive Prostate Cancer
Prostate Cancer
Age
log(PSA), log(PSA), i .
N Mean(SD) N Mean(sD) PVae

Age55-59 590 1.842(0.455) 36 2.718(0.941)  <0.0001

Age63-71 1025  1.892(0478) 82 2.786(1.055)  <0.0001

Overall 1615  1.874(0.470) 118 2.765(1.018)  <0.0001

* Adjusting for age



Appendix Table 2-1: The risk of prostate cancer for the SNP of rs4242382 from Finnish population
Genotype OR
GG GA AA AA vs. GA/GG

P

Non-prostate
Cancer
Prostate
Cancer

1721(70.5%) 646(26.5%)  74(3%)
1.88(1.42-2.49) <0.0001
1729(61.1%) 942(33.3%) 157(5.6%)

Appendix Table 2-2: The risk of prostate cancer for the SNP of rs10486567 from Finnish population

Genotype OR
GG GA AA GGI/GA vs. AA

P

Non-prostate
Cancer
Prostate
Cancer

1254(51.4%) 981(40.2%) 206(8.4%)
1.68(1.35-2.09) <0.0001
1685(59.6%) 996(35.2%) 147(5.2%)

Appendix Table 2-3: The risk of prostate cancer for the SNP of rs16901979 from Finnish population

Genotype OR P
AA AC CcC AA/ACvs. CC
Non-
prostate 4(0.2%)  160(6.6%) 2277(93.3%)
Cancer 1.45(1.18-1.77) 0.0003
Prostate o o S
Cancer 6(0.2%) 261(9.2%) 2561(90.6%)
Appendix Table 2-4: Therisk of prostate cancer for the SNP of rs6983267 from Finnish population
Genotype OR P
AA AC CC AA/ACvs. CC
Non-prostate 0 0 0
Cancer 625(25.6%) 1233(50.5%) 583(23.9%)

1.54(1.36-1.74) <0.0001

Prostale  5an18706) 1377(48.7%) 921(32.6%)

Cancer




Appendix Table 2-5: The risk of prostate cancer for the SNP of rs138213197 from Finnish population
Genotype OR

cC cT T TT/CTvscC ©
Non-prostate o o o
ol 2418(99.3%) 18(0.7%)  0(0%) 8.98(5.51-
Prostate 14.65) <0.0001
o D572(93.7%) 171(6.2%)  1(0%) :
ancer

Appendix Table 2-6: The risk of prostate cancer for the SNP of rs1447295 from Finnish population

Genotype OR b
AA AC cC AA vs. AC/CC
NOrDIOSEE  73(306)  710(20.2%) 1652(67.8%)
Prodtate 1.93(1.46-2.56) <0.0001
DOSAe  159(5.6%) 990(35.1%) 1673(59.3%)

Appendix Table 2-7: Therisk of prostate cancer for the SNP of rs1859962 from Finnish population

Genotype OR P
AA AC CcC AA/ACvs. CC
Non-
prostate 681(27.9%) 1193(48.9%) 566(23.2%)
Cancer 1.42(1.25-1.61) <0.0001
Prostate

0, 0, 0,
Comooy B0A(21.4%) 1421(50.4%) 797(28.2%)




Appendix Table 3-1. Posterior odds of prostate cancer by PSA level based on risk score with seven SNPs, the Finnish prostate cancer
screening tria

Men younger 60 years Men aged 63-71 years
P(PSAID)/P(PSA| D) PONPILSNP:, - SNPID)  pogrerjor Odds by combing PSA  P(PSADYP(PSAID) - PONPL SNRY, . SVP1D) Posterior Odds by combing
oA, HikdihoonRalo QNp-specific ik and 7 SNPS' Likahood Retlo P specfic ik PSA and 7 SNPS'
(A) (B) ©) (A) (B) ©

Estimate Estimate Estimate 95%CI Estimate Estimate Estimate 95%CI
4.0 3.8 1.567 21 (0.9-5.6) 14 1.567 0.8 (0.4-1.7)
4.5 55 1.567 31 (1.3-8.7) 19 1.567 10 (0.5-2.3
50 7.7 1.567 4.4 (1.8-13.2) 24 1.567 13 (0.6-3.2)
55 10.7 1.567 6.1 (2.3-19.2) 3.1 1.567 17 (0.8-4.2)
6.0 145 1.567 8.3 (3.1-26.5) 3.9 1.567 21 (1-5.5)
6.5 19.3 1.567 10.9 (3.9-37.8) 4.8 1.567 2.6 (1.2-7.0)
7.0 25.3 1.567 14.4 (4.9-51) 5.9 1.567 3.2 (12.4-9)
75 32.7 1.567 185 (6.1-69) 7.2 1.567 3.9 (1.7-11.4)
8.0 41.8 1.567 23.8 (7.6-91.7) 8.6 1.567 4.7 (2-14.2)
8.5 52.9 1.567 29.9 (9.3-118.9) 10.3 1.567 5.7 (2.3-17.1)
9.0 66.1 1.567 37.3 (11.3-153.9) 12.1 1.567 6.7 (2.6-21.1)
9.5 819 1.567 46.4 (13.5-198.6) 14.3 1.567 7.8 (3-25.1)
10.0 100.8 1.567 571 (16.2-248) 16.6 1.567 9.1 (3.4-30.3)

# Considering seven SNPs (rs4242382 & rs10486567 & rs16901979 & rs6983267& rs138213197 & rs1447295 & rs1859962) from the Finnish DNA study

P(SNP{ SNPJ,..SNPF|D) _
P(SNP{ SNP;,...SNPS|D)’ exp(0.4492) =1.567




Appendix Table 3-2. Posterior odds of prostate cancer by PSA level based on Polygenetic Risk, the Finnish prostate cancer screening

trial
Men younger 60 years Men aged 63-71 years
PSA  FEADICS) Ky sy Postior OdasbycombingPsa - ATADIEAD) Rty oS S el
Level given PSA Polygenetic Risk and Polygenetic Risk Score given PSA Polygenetic Risk Score
Estimate Estimate Estimate 95%CI Estimate Estimate Estimate 95%ClI
4.0 3.8 312 4.2 (1.9-11.2) 1.39 3.12 15 (0.8-34)
4.5 5.5 3.12 6.2 (2.6-17.3) 1.86 3.12 20 (1-4.7)
5.0 7.7 3.12 8.8 (3.5-26.3) 242 3.12 26 (1.3-6.4)
55 10.7 3.12 121 (4.6-38.2) 3.10 3.12 34 (1.6-84)
6.0 145 312 16.4 (6.1-52.7) 3.89 3.12 4.2 (1.9-11)
6.5 19.3 3.12 21.7 (7.8-75.3) 4.82 3.12 53 (2.3-14.2)
7.0 253 312 28.6 (9.8-101.5) 5.90 312 6.5 (2.8-18)
7.5 32.7 312 36.9 (12.2-137.4) 7.16 3.12 78 (3.3-22.7)
8.0 41.8 3.12 47.4 (15.2-182.5) 8.60 3.12 9.4 (3.9-28.1)
8.5 52.9 312 59.5 (18.4-236.5) 10.25 3.12 11.3 (4.5-34)
9.0 66.1 3.12 74.3 (22.4-306.2) 12.14 3.12 13.3 (5.2-42)
9.5 81.9 312 92.3 (26.8-395.2) 14.27 3.12 15.6 (6-50)
10.0 100.8 3.12 113.6 (32.3-493.4) 16.64 3.12 18.1 (6.8-60.3)

Thelikelihood ratios for polygenetic risk score: 3.12(2.78-3.50)
P(SNP{ ,SNPS,..,.SNP3|D)

P(SNPf,SNPS,...SNP}|D)’

exp (log(1.13) =3.12



Appendix Figure 1: Receive Operating Characteristic Curves for Prostate Cancer using

traditional logistic regression analysis.
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