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Abstract

For many complex cancer diseases, a single gene effect or a single environmental effect cannot ac-
count for the total variant of prediction results. Identifying the gene-environment interactions as-
sociated with complex diseases has become a major challenge for pathology and bioinformatics
research under high-dimensional data. To solve the problems of high dimension, heterogeneity,
and censored survival data, we proposed an AFT model-based method to identify gene-environment
interactions. In this method, an objective function combining LAD loss function and SCAD penalty
function is innovatively adopted to reduce the influence of unbalanced data and to select interac-
tion terms that follow a strong hierarchical structure between main effects and interaction effects.
The objective function is optimized and solved by CCCP algorithm. Simulation and empirical stu-
dies were carried out using R to verify that this method can select the appropriate gene effect and
gene-environment interaction effect, and has good predictability and stability. Moreover, this me-
thod can effectively compress the alternative variables, and the selected model is simple and has
good explanatory ability.
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BATTH R 35 5% bR B AE 5T B BN T N AR H bk oR 8
Q(a b)=L(a, b)+P (b)
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B2 M BOTEAE R 3 ANKTPR R R AR — DA A = el 8dE o =25 A
JEHER T HA 3 MK AR SNP HidE . AL BNl B 2 o7 v g B T AR A SR,
Wu 58 N BIFFE[6] A1 Shi &5 NHIBFTE[15]0 X T-IEE/Im RN g , FRATH R B BEAEREE T2
TCIEAS 3 A ARAE s o L AR R 300 /N R eIk PR 1A SNP,  FRBE[A 7 5 4, BN 305 4, 22 HAL
R 1500 /o AEA7 A R0 Y Bl DL T B08E A pRAsE B v 5

Y:Zslakzk+iij,+i > BuX,Z +¢ (11)

BOER 15 AN 3 RN 20 AFEDE - PREEAE 1015 0 b A% (AR AE I TR R0 2 YA G . (A D) H Y &R
#2451 4> 4ii Uniform (0.6, 14)42 i. M2 R A8 E R 0.3 AT & W1 N =i AS [5] 1) 43 A5 5 Sy iR 22 T 1)
AT B M ENMMEESSAMNOL B MEREESSME M S AMANES
0.8*N (0,1)+0.2*Cauchy(0,1) ; SH=F& T 5347 ¢(2)

Bk 11 LAD-SCAD FFRATTFTH& H B 79240, 383G N 1 5 Fh &3 1) 7712k AE LA, 4% LAD-LASSO.
LAD-Group. LS-SCAD. LS-LASSO #11 LS-Group. £ LAD-LASSO 1 LAD-Group 14372k Ff LASSO &
FI TR Group LASSO #& 5 AR % SCAD &4, —# MIIX HI7ET LASSO S 7EREAR K F A1 K
FEAERRER I, 1M Group LASSO fEHWAFEER BN . RIEBHAKY EreAMsitt. % LS-SCAD, f#
B SCAD 1EAMEST A%, A LS (EP e/ =3k E LAD fE AR REL. LS & — MR a Uk Ee
Bk A, DL R 07 B4 IR

Table 1. Comparison of simulation results of six methods

T 1. RNMEERIRMEE R LA

Error Method TP FP TP1 FP1 RSSE PMSE N_VAR
LAD-SCAD  18.92(3.29) 30.54 (17.81) 10.92(1.69) 142(6.98) 1323 (2.62) 0.96(0.18)  49.46 (18.9)
LAD-LASSO 14.98 (2.38) 29.68 (12.82) 6.98(0.86) 12.18(1.82) 10.91 (2.17) 0.77(0.12)  44.66 (12.8)
LAD-Group  18.38 (3.51) 67.98(9.53) 1038 (1.53) 25.92(6.55) 15.46(3.38) 0.82(0.16) 8636 (9.5)

NOD LS-SCAD  16.88(3.92) 32.62(11.69) 8.88(1.09) 9.86(4.78) 13.32(297) 1.73(026)  49.5(12.0)
LS-LASSO  23.16 (4.41) 10432 (11.58) 15.16 (2.14) 45.4(9.89) 1327 (2.88) 1.72(0.28) 127.48 (12.1)
LS-Group  22.48(5.12) 109.06 (13.91) 14.48 (2.15) 463 (11.12) 13.64 (3.05) 1.76(0.24) 131.53 (14.2)
LAD-SCAD 153 (2.52)  25.8(7.55)  7.3(1.25) 1028(322) 1231 (2.69) 0.86(0.07)  41.1(7.9)
LAD-LASSO 14.84 (142) 23.72(2.61) 6.84(1.42) 11.66(1.8) 10.29(233) 1.12(0.12)  38.6(2.8)
0'8*11](0’ D LAD-Group 145@2.11) 3222(776) 65Q211) 1434 (468) 13.62(3.15) 092(0.09) 46.72(92)
0.2 ?ch;why LS-SCAD  132(122) 17.64(33)  52(022) 1228(3.18) 10.58(2.56) 2.05(0.24)  30.64 (3.3)
’ LS-LASSO  18.28 (2.94) 59.32 (11.94) 10.28 (2.94) 26.48(9.23) 10.55(2.54) 1.99(0.21)  77.6 (14.4)
LS-Group 1672 (2.91) 58.68(9.87) 10.16(2.91) 22.32(8.57) 11.67(2.82) 1.82(0.19) 74.4(12.1)
LAD-SCAD  22.8(3.26) 36.36(15.55) 12.33(3.12) 16.28(6.17) 10.86 2.57) 1.01(0.12)  59.16 (18.2)
LAD-LASSO 19.82 (2.08) 19.06 (4.63) 8.54(2.78) 11.66(3.28) 10.63(2.25) 1.02(0.09)  38.88 (5.3)
(2) LAD-Group  22.84 (3.81) 46.16 (11.44) 11.64(2.99) 24.92(4.33) 12.98(2.95) 095(0.10) 69 (12.6)

t

LS-SCAD  19.5(251) 213(13.57) 938(2.65 18.76(6.32) 10.12(2.68) 2.14(021)  40.8 (14.7)
LS-LASSO  29.4(3.81) 67.96 (1121) 16.84 (326) 27.11(3.28) 10.09(2.58) 2.13(0.16)  97.36 (12.4)
LS-Group  29.16 (3.35) 65.04 (11.34) 1627 (3.19) 26.6(3.81) 11.48(2.72) 2.13(0.19)  94.2(12.8)
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PiRARME 1 . RPFTARMERRE 100 KESBIURFIME, 5 HRFEZENE. TP/FP
RFFEMEBAPER L. TPU/FP1 FoRAE AR I H /AR M AcE . 1T ASCH) H R G-E #IAH BAE
FAZGRE,  [RIEE TP A TP S AR AL R S B bR it o FLA BT 1P BE VP A 1) 77924 PMSE F1 RSSE. PMSE %
TRTM 75 % « RSSE AR 7 iR 2 M E 7 AR, 7 Tukﬂz\ih/“e 0°|, Kitse, so 00 0° AAAR
%T%ﬁa(TyTﬂ)mE*ﬁﬁﬁW@ iR s i S A BoRTERH, 108 N_VAR.

TE=MARZEDA R, HEZSNAFBEE) PMSE (1E, F-ATRT ORI A /b e it R IR, 4.
LS-SCAD. LS-LASSO #11 LS-Group, E A # KM PMSE {H(KL1N 2)F1J5 % . HAh =14 LAD fR7
(1) PMSE fE(KZ8 1)FITT Z 5N . AT LUE H /N 22 (1 77 15 (LA D) 50 3000 v ot A gt .

Fi4h, FATEE ] LS-LASSO Ml LS-Group & PAMRFER AL, . TP A1 FP {8 W] 2 & T Hofd PY A5
AL, BEARIX P AL AT DL AR 2 AR DGR, (EB AR Rt T — SR TU AR AN, BRI TR [ T i
PEPERIT M. IR — 30 ATTLLE R, 7EiR ZRMARHEIES AT, X P AMEADE
120 /> 5 280N AR B RGN Gl Sy B 1 o [RI A 0 AR B — S8 T A R0 T ok e 4 & e R B AR T I AR
N TR 43 b A DU

FEARZE S AT AR EIL S 040 N (0,1) T, BIEUE RSG5 R 500 T, LAD-SCAD Al LAD-Group &
W, TP A TP1 . EEMMER T, LAD-SCAD 773/ FP Al FP1 {4/, Bk H AL B AR
B> BRATFE L E LAD-LASSO 1 LAD-Group [f] FP A1 FP1 [{J{&, LAD-Group [{&iz kT LAD-LASSO
(1, XEFN LASSO TERHAKERIAA K F# = A Msitk, 1M Group LASSO RTERHAKY /=4
R e, (HEHNARIEER M. Group LASSO 7 1 bR B 1 5 45 M 35 2% .

TERZE AT A IE IR AT AR TS A IR & 0 A0, BURAFfEIS 44, LAD-SCAD. LAD-LASSO
Al LAD-Group =# 757 TP 1 TP1 {H/RAHiL. {H LAD-SCAD f] PMSE {#(0.86)/N T At JLAh 515 )
PMSE 1 (1.12, 0.92, 2.05), 45 ¥4 H i 4 .

EARZE3 AN T 4346 t (2) K, LAD-SCAD Al LAD-Group ] TP A1 TP1 R %5 HoAth P b i 22 /0 A N 5
me FTLLE R AR AR B AR E R A R A A5 5L N, LAD-SCAD HI LAD-Group RILH T
FEFEDN - PRBEAZ B RGSE3 7 H OL ke . (BRI FP AT FP1 (4t v T HAth AN 7Y (LAD-LASSO A1
LS-SCAD). {HA 7 HE#Erf iR 22 BAEH, XA RMERN. BRATEEZER, E=FiRENAT,
LAD-SCAD [#] FP #1 FP1 {E#/NT- LAD-Group ', iX 1t B 4P Fh 7 VEER 1B £ 1 AR AECE I IR R AR DG AR
&I, LAD-SCAD J5i%tt LAD-Group J7 ¥ i .

BbAh, ST B LA AN R BE AL ) A S B B, BRATTSEEL T A TR

MIE 1A LLE H, LAD-SCAD & —Fi&@rpE AR s ik, EMoriEie s TR TR 2 1 E - 30
B HAN, AR T AR, BNRER /N, LS-LASSO Ml LS-Group Y22 TU43 HIRUS R 5 A AH 1,
XA T AR () AT AR M AN ] 5% - LAD-Group 02— R 2000 77 v o (H2 , FCPH M E AR RS 00T,
{H LAD-SCAD [WfSPFHMEEE L LAD-Group /b 4Rk 7 i8Rk 5% 1 AR A R 1% IE A A OGP A2 BT
LAD-SCAD #RE )T REEE /D, Frbl LAD-SCAD J57%t LAD-Group J5 ik E 4F .

4. SCIERR

A SCR ISR B bR P3Gk 5 2 H %5 e v o0 (1 PR (Breast: Cancer, BRCA)ZE K381 J7 71 44l 4 0k
FTSEUE AT o 2B IS 17815 ANFEERIRUSAT 597 ANMMEEA ., A 7T i, Hdi o gid bruith
AEEE . PRATTHRYE FASME 2 M =y B KT 25 18 T D N AT HE T o bH T SR A vy P 5 ] 5 9 R A 8 v 1 DR B
M2, DRI BERT 300 AN 5 9878 14 3 DRSS HEAT 5 B2 AT o PRI/ DA 2807 250 A i 56 R 4 P 5 1 B T
B, 1A R 3 [ [ SRR T T TR 3 B [ KNSR R AT T S R AR AL . IRATHE T 5 PRI RN :
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Figure 1. Histogram of simulation results of six methods
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Table 2. Results of variable selection analysis of BRCA data
2. ALBRERURMEEBREFENINER

LA A4 R ) INA SER AR R It
Wiz st FEN AL A LA ARV BAIGTT el
COL11Al 0.334
USP9X 0.346 -0.015 0.056
UTRN 0.376 0.033 0.059
IREB2 ~0.904 0.155
ADAMTS20 0.017 0.008
TAF1 -0.13 0.007 0.052 -0.033
MYH9 0.028 -0.15 -0.059 0.005
RANBP2 0.384 -0.182 0.147
PCLO 0.247
WNK3 0.03
USP34 0.034 0.131
RUNXI -0.092 0.03 0315 -0.023
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Table 3. Result of BRCA data by four models
7 3. MUFREI FLBR R SRR ST AR

RMSE N_Var N_Gene N_Interaction
LAD-SCAD 1.189 35 12 18
LAD-LASSO 1.212 27 9 13
LAD-Group 1.214 44 11 34
LS-SCAD 1.368 38 9 24
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