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2TOXOL TNC OLAAEENC

» TLelval o TPOTIOMOLNTIC TOU LETPOU OXEONCG;

» Mola eival Ta XopaKTNPLOTIKA TOU GOLVOLLEVOU TNC
TpOT[OT[Oir] ONG (effect modification),

» Nwc dtadepel To pavopeVo T Tpomonoinong
Qo TN oUYXUON (confounding);

> AvtutopaBoAn tThe BLOAOYLKNC LLE TN OTOTLOTLKN
TpOT[OT[O'lr]OT] (interaction)

> TLelval n SLOOTPWHATWON (stratification);
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‘ExBeon — EKB OO

N/

2 UYXUTLKOG TTOLPAYOVTOLG

THE UNIVERSITY OF IOANNINA k November 20, 2013
Page 3


http://www.uoi.gr/oldsite/main.html
http://www.uoi.gr/oldsite/main.html

TpPOTOTOLNTNC TOU LLETPOU OXEONC

» TO LETPO OXEONC (r.x. NOyoC eMuTTwoewv, AOyoC
avaAoylwyv, dStadpopd EMUTTWOEWY, K.0.K.) EVC')C T[OLpdVOVTOL
KivdUvou (rt.x. daBnTng) UE Ll(OL VOOO (Tt.X. OAKN
Bvnowotnta) 5Lad)ép€L HE BdGI’] TNV
napovoia/anovoia eVoc TpLtou mapayovTa (m.x.
niaxvoopKia).

» AUTOC 0 Tpitoc mapayovtac ovopalstal
TPOTIOTIOLNTNC TOU METPOU LILOC OXEONC (o€

MOAAOITAQOLOOTLKA 1) ATtOAUTN KALHoKaL).

"l
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TpomomonNTNC VS. CUYXUTNC

» H olyyxuvon sival eva pavopevo tou BEAou e
va e€alelpoupe amo th HEAETN LOC.

» Tnv tpomornoinon npoomabou e va TNV
nepLypaPou e o€ Lot LEAETN KaL OXL VAL TNV
eCaAelPpoue.

» ArntoteAovv SLadopeTikad davopeva, aAAd Evag
TpltoC mapayovtac Uopel va 6pa TOG0 WG
OUYXUTNC 00O KOl WC TPOTIOTIOLNTAC LLOC OXECNC.
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TpomomoLNTNC TOU LLETPOU OXEONC

» YIoOEeTIKO MapASELYUO ATTOUCLAC
TpoTonolnong o€ amoAuTn KALLOKA

3°¢ tapayovrog: Z ‘EkBeon: A Enintwon-nocooto Awadopd EMMTWOEWV-
(V) T0GO0GCTO (%)
Oxt Oxt 10 10

Nou 20
Nau Oxt 30 10
Nait 40
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TpomomoLNTNC TOU LLETPOU OXEONC

» YroBetiko mapadelypo mapouvoiog
TpoTonolnong o€ amoAuTn KALLOKA

3°¢ tapayovrog: Z ‘EkBeon: A Enintwon-nocooto Awadopd EMMTWOEWV-
(V) T0GO0GCTO (%)
Oxt Oxt 5 5

Not 10
Na Oxt 10 20
Nait 30

H ouox£tion tn¢g €KOeonc Ue To voonpua StadEpel ava otpwpa/sninedo Ttov Tpitov napayovia
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TpomomoLNTNC TOU LLETPOU OXEONC

» YIoOEeTIKO MapASELYUO ATTOUCLAC
Tpormonolnong o€ moAAamAaoLaoTIKNA KALLOKA

3°¢ tapayovrog: Z ‘EkBeon: A Enintwon-nocooto AGYOG EMMTWOEWV-
(V) T0GO0GCTO (%)
Oxt Oxt 10 2

Not 20
Na Oxt 25 2
Nait 50
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TpomomoLNTNC TOU LLETPOU OXEONC

» YroBetiko mapadelypo mapouvoiog
Tpormonolnong o€ moAAamAaoLaoTIKNA KALLOKA

3°¢ tapayovrog: Z ‘EkBeon: A Enintwon-nocooto AGYOG EMMTWOEWV-
(V) T0GO0GCTO (%)
Oxt Oxt 10 2

Not 20
Na Oxt 25 5
Nau 125

H ouox£tion tn¢g €KOeonc Ue To voonpua StadEpel ava otpwpa/sninedo Ttov Tpitov napayovia
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TPOTOTOLNTNC TOU LLETPOU OXEONC

1° Napadeypa 2° Mapadeypa

Ne) O
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1- 14
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-Ta pETPA ox€ong ota SUO CTPpWHATA -Ta HETPA oX€ong otal SUO CTPWHATA
eilval opoloyevi elval etepoyevn
-To Z 6€v tpomnornoLel To TOANATTAOCLOOTLKO -To Z tpormnormnolel To MOAAATTAQCLOOTLKO
HLETPO OXEONC LETPO OXEONG
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TPOTOTOLNTNC TOU LLETPOU OXEONC

Avetaptnta LETPO OXEONG: A + -
MapatnpoUEVO KOLVO HETPO OXECNG: A+Z ‘'Ot tponomnoinon
MopatnpoUEVO KOLVO HUETPO OXEONG: A+Z Tpomonoinon: cuvépysla
MopatnpoUEVO KOLVO LETPO OXEONC: A+Z

Tpomnomnoinon: avtoywvVLIoHOG
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AlooTpwpaTwon

» 2TOTLOTLKN avAaAuon ava oTpwuata/Katnyoplec Tplitwv
netaBAntTwv (ektoc EkBeonc kat EKBaonc).
» Xpnotuormnoteitat oAU ouxva otnv srdnpLoloyia yo:
» TN LEAETN TOU dALVOUEVOU TNG TPOTOTOLNONC
» TN MEAETN Kal SLOpBwaon TS cUYXUONC
» TNV KAAUTEPN YVWON TWV KAWVIKWY pac SeSoUEVWY

» Mapadelypata GUYVWV TPOTOMOLNTWY
» nAkia
» $UAO
» GUAN
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Brijpota o€ pa SLooTpwHATIK) avaluon

» MNapatnpnoe To LETPA OXECNC AVA CTPWLLOTO TILOAVWY
TPOTIOTIOLNTWV.

» Anodaoloe yLa tTnv uTtapén tpormnomnoinonc ota Sedopeva.

» Eav undpyel, napovoiaoe T SLOCTPWHOTWHEVA LETPOA
OXE0NC.

» Eav 6ev umtapyel, urtoAoyloe €va Kowvo/ otaBuLlopgvo/
OUVOTITLKO LETPO OXECNC TTOU VO OVTUTPOOWTTEVEL OAA TAL
OTPWUOTAL.

» JUVEKPLVE TO TIOPATIAVW CUVOTITLKO UETPO OXEONC LE TO adpO
LETPO O0XEONC (MPO-CTPWHATLKO) yLa TUXOV UTtapén ouyxuonc.
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Napadeypa: Ataritng Kot oALkn

Ovnowuotnta
S S —
AaBrTne Nat -- 1501

1021 12840 13861

OR=0,/0, = 265-11604/1236-756 = 3,29

logOR =log(3,29) =1.19

111

SE(InOR) =0.077 = a_l PRl
95%CI OR =2.83 —3.82

fel
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ALOLBATNG e O AVATOG

N/

Moayxvoapkia
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Napadeypa: Atontng Kot oALkn
Bvnowuotnta

--_ OR, = 3.51

logOR; =1.26
Mapritng Nou -- 726 SE(logOR,) = 0.1037
-- 9390 Weight, = 1/SE?= 93
9390 10116 95%C| OR= 2.88-4.32

--_ OR, =3.27

logOR, =1.18
AwaBritne  Nat -- 775 SE(IOgORz) =0.1254
o BN v Ve 1se -
3450 3745 95%Cl OR=2.54-4.16

[
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YTTOAOYLOUOC OTOOULOUEVOU LETPOU OXECNC

» 2TOOULOEVOC LECOC OPOC TWV HETPWV OXECNC TWV
oTpwHATWYV (dpeon ocuvvoyn)

i log OR, - weight,
» LogORY = &

K
> weight,
k=1

_log OR, -weight, +...+1og OR, - weight,
- weight, + ...+ weight,
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Napadeypa: Ataritng Kot oALkn

Ovnouotnta
OR,=3.51 ilog OR, -weight,
logOR,; = 1.26 LogORY = ““— _
SE(logOR,) = 0.1037 2 e

Weight, = 1/SE2= 93

=1.26x93+1.18x64/93+64=1.23

OR, = 3.27

logOR, =1.18 ORY =3.42

SE(logOR,) = 0.1254

Weight, = 1/SE? = 64 95%CI OR¥ = 2.92 - 4.00

"l
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2 TOTLOTLKN OOKLUOOLOL ETEPOYEVELAC

» X% Katavoun pe K-1 Babpouc eAeuBepiog
» H,: logOR, = logOR, = ... = logOR,

K
> Q= Y weight, - (logOR, —log OR")?
k=1
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Napadeypa: Ataritng Kot oALkn

Ovnowuotnta
OR, =3.51 Ko
logOR, = 1.26 Q=D Wweight, - (logOR, —log OR")’
SE(logOR,) = 0.1037 k=1

Weight, = 1/SE2 = 93
= 93(1.26-1.23)2 + 64(1.18-1.23)2 =0.24

OR, = 3.27

logOR, = 1.18 P
SE(logOR,) = 0.1254

Weight, = 1/SE*= 64

=0.62

OLLOLOYEVELOC
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YTTOAOYLOUOC OTOOULOUEVOU LETPOU OXECNC

» 2TOOULOEVOC LECOC OPOC TWV HETPWV OXECNC TWV
oTpwpaTtwV (LeEBodoc Mantel-Haenszel)

ZK:ak’dk
= N
MH — XL "k
> ORVH =g 7
> 138-8802 1272802
k=1 Nk T
10116 3745
~ 588-588 648-168
=3.40 U
10116 3745
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Napadeyupa: Mayvoapkia kat Bvnolpotnta

Nat Oxt

1019 12833 13852

OR=0,,/0, = 295-9383/3450-724 = 1.11
logOR = log(1.11) = 0.10

SE(InOR) = 0.072

95%Cl OR = 0.96 — 1.27

[
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MOXUCOPKIOl e O ALV ALTOG

/

Kanvicpa
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Napadeypa: Maxvoapkia kat OBvnopotnta
--_ OR, =0.74

logOR, = -0.298
SE(logOR,) = 0.139
Nayuoa 708 1
XK(OL P -- Weight1= 1/SE2 =52
-- 2843 95%Cl OR = 0.57 - 0.97

3121 3551

--_ OR, = 1.36

logOR, = 0.308
-- SE(logOR,) = 0.128
Mayvoa 1185 2
XKia P Weight, = 1/SE2= 61
-- 3186 95%Cl OR = 1.05 — 1.75

4072 4371

--_ OR, = 1.77

logOR; = 0.57

95%CI OR=1.39-2.24

5640 5930
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Napadeypa: Maxvoapkia kat OBvnopotnta

OR, = 0.74 .
10BOR, =-0.298 log OR, - weight
SE(logOR,) = 0.139 " kZ:; 9 gnt,
Weight, = 1/SE2 = 52 LogORY =

K
> weight,
k=1

OR, =1.36

logOR, = 0.308

SE(logOR,) = 0.128 =(0.23
Weight, = 1/SE?= 61

OR, = 1.77 ORY =1.26

logOR; = 0.57

R Al 95%C| ORY = 1.09 — 1.46
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Napadeypa: Maxvoapkia kat OBvnopotnta

OR, = 0.74

logOR, =-0.298 K

SE(logOR,) =0.139 - w2

Weight, = 1/SE2= 52 Q= Zwelghtk -(log OR, —log OR")
k=1

OR, = 1.36

logOR, = 0.308

SE(logOR,) = 0.128 =22.7

Weight, = 1/SE?= 61

<0.001

OR,; =1.77 PouOLovévsLaq
logOR; = 0.57

SE(logOR;) = 0.122

Weight, = 1/SE2= 67
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Napadeypa tiBavnc tpomonolnong os
ATtOAUTN KALLLOKQL
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Napadeyupa: Mayvoapkia kat Bvnolpotnta

Nat Oxt

1019 12833 13852

RD = (295/3745) — (724/10107) = 0.0072

SE(RD) = 0.0051

95%Cl RD = -0.0028 €w¢g 0.0172

[
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Napadeypa: Maxvoapkia kat OBvnopotnta
--_ RD, = -0.0296

SE(RD,) =0.01278
—— weiht, = 1/56=6125

3121 3551

SE(RD,) = 0.00912
: 95%CI RD =0.003, 0.04

4072 4371

--_ RD, = 0.0286

SE(RD,) = 0.00663
Kia -- 4078 95%CI RD =0.02, 0.04

5640 5930
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Napadeypa: Maxvoapkia kat OBvnopotnta

RD, = -0.0296

K
SE(RD,) = 0.01278 :
Weight, = 1/SE2 = 6125 Z RD, - weight,
RDW = =

K
> weight,
k=1

RD, = 0.0208
SE(RD,) = 0.00912

Weight, = 1/SE2= 12036 =0.0176

RD, = 0.0286
SE(RD,) = 0.00663
Weight, = 1/SE? = 22780

"l
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Napadeypa: Maxvoapkia kat OBvnopotnta

RD, = -0.0296
SE(RD,) = 0.01278 %
Weight, = 1/SE2= 6125 - wH 2
Q= ) weight, -(RD, —RD")
k=1
RD, = 0.0208
SE(RD,) = 0.00912
Weight, = 1/SE2= 12036 = 16.5
. <
RD; = 0.0286 POHOLOVEVELGC =0.001

SE(RD,) = 0.00663
Weight, = 1/SE? = 22780
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[eploplopol OLACTPWHATIKAC avaAALONC

» Elval SUokoho va otpwpatonotnBouv ta Sedopéva
YLOL TTEPLOCOTEPO TOU EVOC Ttapayovia kabe dpopa.
» Eilval Suokolo va peAetnBet kat va povteAomotnBetl to

dOLVOUEVO TNC TPOTIOTIOLNONC VLol TIEPLOCOTEPO TOU EVOC
nopayovta kKabe popa.

» H otatiotikn loYUC LELWVETOL OTLC SLOOTP W LLOTLKEC
avaAUOELC.

» MNpoooyn oto GoVOUEVO TWV TIOAAXTTIAWY CUYKPLOEWV.
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MNapadelypo OLACTPWHATLKNG AvAAuoNC

® American Journal of Epidemiology
© The Author 2012. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of DOI: 10.1093/aje/kwrd423

Public Health. All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.

Original Contribution

Interactions Between Genome-wide Significant Genetic Variants and Circulating
Concentrations of Insulin-like Growth Factor 1, Sex Hormones, and Binding
Proteins in Relation to Prostate Cancer Risk in the National Cancer Institute
Breast and Prostate Cancer Cohort Consortium

Konstantinos K. Tsilidis®, Ruth C. Travis, Paul N. Appleby, Naomi E. Allen, Sara Lindstrom,
Fredrick R. Schumacher, David Cox, Ann W. Hsing, Jing Ma, Gianluca Severi, Demetrius Albanes,
Jarmo Virtamo, Heiner Boeing, H. Bas Bueno-de-Mesquita, Mattias Johansson, J. Ramon Quirds,
Elio Riboli, Afshan Siddiq, Anne Tjenneland, Dimitrios Trichopoulos, Rosario Tumino,

J. Michael Gaziano, Edward Giovannucci, David J. Hunter, Peter Kraft, Meir J. Stampfer,

Graham G. Giles, Gerald L. Andriole, Sonja l. Berndt, Stephen J. Chanock, Richard B. Hayes, and
Timothy J. Key

* Correspondence to Dr. Konstantinos K. Tsilidis, Department of Hygiene and Epidemiology, School of Medicine, University of
loannina, loannina 45110, Greece (e-mail: kostas.tsilidis @ceu.ox.ac.uk).

Initially submitted July 13, 201 1; accepted for publication October 27, 2011.

Genome-wide association studies (GWAS) have identified many single nuclectide polymorphisms (SNPs) asso-
ciated with prostate cancer risk. There is limited information on the mechanistic basis of these associations, partic-
ularly about whether they interact with circulating concentrations of growth factors and sex hormones, which may

be imnaorrtant in nraoctato cancor oticloony Llcino conditianal lagictic rocroccian iho antbhore comnarod nor-allalo oddg
Y * = = = = * Y

ratios for prostate cancer for 39 GWAS-identified SNPs across thirds (tertile groups) of circulating concentrations
of insulin-like growth factor 1 (IGF-1), insulin-like growth factor binding protein 3 (IGFBP-3), testosterone, an-
drostenedione, androstanediol glucuronide, estradiol, and sex hormone-binding globulin (SHBG) for 3,043 cases and
3,478 controls in the Breast and Prostate Cancer Cohort Consortium. After allowing for multiple testing, none of the
SNPs examined were significantly associated with growth factor or hormone concentrations, and the SNP-prostate
cancer associations did not differ by these concentrations, although 4 interactions were marginally significant
(MSMB-rs10993994 with androstenedione (uncorrected P — 0.008); CTBP2-rs4962416 with IGFBP-3 (uncorrected
P = 0.003); 11g13.2-rs12418451 with IGF-1 (uncorrected P — 0.006); and 11g13.2-rs10896449 with SHBG
(uncorrected P — 0.005)). The authors found no strong evidence that associations between GWAS-identified SNPs
and prostate cancer are modified by circulating concentrations of IGF-1, sex hormones, or their major binding proteins.
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Hormone, SNP, and Tertile Per-Allele Odds P for

of Hormone Concentration Ratio (95% Cl) Interaction
IGF-1
rs4962416
Bottom third 1.03 (0.88, 1.20)
Middle third 0.95 (0.81, 1.12)
Top third 1.30 (1.10, 1.52) —- 0.04
rs12418451
Bottom third 1.48 (1.22, 1.79) ——
Middle third 1.39 (1.15, 1.69) ——
Top third 1.11 (0.93, 1.33) il 0.006
IGFBP-3
rs9364554
Bottom third 1.27 (1.08, 1.48) —-
Middle third 1.01 (0.86, 1.18)
Top third 1.02 (0.87, 1.19) 0.02
rs4962416
Bottom third 1.02 (0.87, 1.19)
Middle third 0.95 (0.82, 1.12)
Top third 1.30 (1.11, 1.52) - 0.003
Testosterone
rs12621278
Bottom third 0.71 (0.51, 0.98) —a—
Middle third 1.20 (0.84, 1.71) —-—
Top third 1.13 (0.81, 1.57) —— 0.04
rs9364554
Bottom third 1.04 (0.88, 1.25) 1
Middle third 1.02 (0.87, 1.20)
Top third 1.21 (1.03, 1.44) —— 0.03
Free testosterone
rs9364554
Bottom third 0.90 (0.76, 1.06) -
Middle third 1.28 (1.08, 1.51) ——
Top third 1.07 (0.90, 1.26) —— 0.02
Androstenedione
rs16901979
Bottom third 0.55 (0.23, 1.33) —
Middle third 0.86 (0.37, 1.99)
Top third 1.59 (0.77, 3.30) —t———=—> 005
rs10993994
Bottom third 1.36 (1.10, 1.68) ——
Middle third 1.19 (0.97, 1.46) —
Top third 0.98 (0.79, 1.22) —— 0.008
Androstanediol glucuronide
rs1512268
Bottom third 1.38 (1.18, 1.62) =
Middle third 1.07 (0.91, 1.25) i
Top third 1.03 (0.88, 1.20) 0.03
rs7127900
Bottom third 1.38 (1.14, 1.68) ——
Middle third 1.36 (1.12, 1.66) ——
Top third 0.96 (0.79, 1.18) —— 0.03
HBG
rs12621278
Bottom third 0.78 (0.55, 1.09) —a—
Middle third 0.99 (0.72, 1.35) .
Top third 0.95 (0.67, 1.35) — 0.04
rs12418451
Bottom third 1.14 (0.93, 1.39) i
Middle third 1.24 (1.01, 1.51) ——
Top third 1.53 (1.25, 1.87) —m— 0.02
rs7931342
Bottom third 0.96 (0.83, 1.13) f
Middle third 0.88 (0.76, 1.02)
Top third 0.76 (0.65, 0.89) —— 0.02
rs10896449
Bottom third 0.99 (0.85, 1.16)
Middle third 0.86 (0.74, 1.00)
Top third 0.71 (0.61, 0.82) B 0.005
05 075 1. 15 20
Odds Ratio

Figure 1. Per-allele associations between single nucleotide polymorphisms (SNPs) identified in genome-wide association studies and risk of
prostate cancer, according to circulating concentrations of insulin-like growth factor and steroid sex hormones, for the 15 nominally significant
interactions in the Breast and Prostate Cancer Cohort Consortium. Results were obtained from a conditional logistic regression model using cohort-

THE UNIV specific thirds of the hormone concentrations (see Web Table 1), matched for age at blood draw, cohort, and country (within the European
Prospective Investigation into Cancer and Nutrition), and adjusted for age at blood draw (years; continuous) and body mass index. The P values
for interaction were calculated using 1-df likelihood ratio tests based on per-allele odds ratios and a continuous hormone variable. Conventional
P values are shown; all P values were nonsignificant after allowance for multiple testing. Bars, 95% confidence interval (Cl). (IGF-1, insulin-like
growth factor 1; IGFBP-3, insulin-like growth factor binding protein 3; SHBG, sex hormone-binding globulin).


http://www.uoi.gr/oldsite/main.html
http://www.uoi.gr/oldsite/main.html

BloAoyLKN VS. OTOTLOTIKI TPOTTOMoLNoN

> H Bloloyikr tpomomoinon tou pétpou oxéonc [effect
modification] elval attiakn €vvola Kot TPETEL yLa TNV
arouotia N mopouasia TNE va cuVeKTLLNBouv OAa Ta

dlaBeopa tekpunpla (m.x. LEAETEQ).

» [ tnv uTtapEn PLoAOYLKAC TPOTIOTIOLNONG ATIALLTELTOL I
urtapén cadwc dtadpopeTkng BLoAoyLKNC EpUNVELOC TNC
LLEAETWHEVNC OXECNC OTAL OTPWOTO TOU TPOTIOTIOLNTH).
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BloAoyLKN VS. OTOTLOTIKI TPOTTOMoLNoN

» 2TOTLOTLKN «Tporomoinon» (i KaAUTEPO ETEPOYEVELAL
[interaction]) onpaivel etepoyeveLla TAPATNPOUEVN OE
LLLOL LEAETN XWPLC VoL TANPOUVTOL TA TIALPOTTOVW OLLTLOLKAL
KpLThpLa.

» 2TOTLOTLKN TPOTOomnoinon umopet va mpoku PeL Adyw
TUXNC N CUOTNMATIKWY opaApatwyv (ocvyxuon, StadopLkn
duotaévounon) N dtadopetiknc Soonc tTng EKBeoNC OTLC
SLOOTPWHATIKEC AVAAUCELC.
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AAOL XOLPOLKTNPLOTLKA TOU POLVOLLEVOU TNC
TpoToilnoNnG

> 2€ ULOL LEAETN UTTOPEL VAL UTTAPXEL TPOTIOTIOLNCN TWV
TTOAAOTTAQCOLOOTLIKWV HETPWV OXEONC, AAAA OXL TWV ATTOAUTWV
LETPWV OXEONC Kall To avarmodo.

»[Molotikn (vs. TOOOTIKNA) TpOToToLNoN, Ta LETPA OXEONC OTN
SlaoTpWHATLKN avaAluon €xouv dladopeTikn katevBuvon (mavw
KOlL KATW ato Tt Hndevikn Tun).

» Otav UTIAPYXEL TIOLOTLKA TPOTIOTIOLNON O€ piat KALHLoKaL
(moANamAacLaoTikA 1 armoAutn), Ba uTtApXEL TPOTIOMOoLNoN KAl OTNV
AAAN KALpOKOL.

» Avoloyia: €dv To Z TPOTIOTIOLEL TO LETPO OXEONG TNG £kBeoncg A
otnv €kBaon N, Tote Ko To A Ba tpormomolel tn oxeon Z ko N.
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