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ZolF = dlolg A, sho] JbEd FEHE waelhs vlolE wMany Fow FAHC,

Label Cancer Name Cancer Training Sets Validation Sets Test Sets  Total
1 St BLCA 314 63 16 393
saet BRCA 776 157 38 971

3 MY COAD 258 52 13 323
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W 53T}
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Wo A= loss7t dAol A S8k backpropagations E3d lossE 74 3= backpropagations AFE3H
olE T3l & dF Aol tiF P FFe adE devh Y dolg et AekE 7] Held vES
TEE 483t U2 A7E validation sets®] AT} Hwst Fo & 187} o] loss7t 022 FHT uf
A] backpropagation #A-& WHE Faste] F9 HolH7F dste ARt UL weF JtEAE FAGT. g5l
AHEE HolH = F 4,438 ] #F4A] dHlolEle]H, validation setsoll AF&¥ ©lolEl= 89299 Al dleolH
o]t}. Epoch: 150%, batchsize: 8, learning rate 0.0001% A A3} T}.

w Aol e 43 #Ae e 2,
<l=9]o> Intel (R) Core(TM) i7-7700 3.60GHz CPUo RAM 16GB©NVIDIA GeForce GTX 1050(V-RAM 2GB)

ﬁm;rm

<& A A> Window 10 Pro 648 E
</NZ= > Pycharm Community Edition 2019.3.4

<g}o] B &> Torch 1.2.00CUDA 10.00 cuDNN 7.6.5

B dbo A= BLCA, BRCA, COAD, GBM, KIRC, LGG, LUSC, OV, PRAD, SKCM, THCA, UCEC &<l 127}A] <ol i3k
A G840 dolHE geow Agste AAA HAA AHL AW me, @ EAWe BT ol
vkl o o] SNP, DEL, INS &9 -z Weo] BSlS A&atn, 4 FH T 233t 12744 Sl
tete] & 5,5547 9] HoJElE AMESF 2™, training sets<> 4,438W 9 Ulo|HE ARESISITE. Shgo] & 1
HEA gesly] 98ke] 892 Y] validation setsS, g5 AXNE ERls7] $138te] 224% 9 test setsS AME-3)
Aok & 12 12714 el tiste] ALS-E data setse] WA AFE YERN AL Q)
(%1
Label Cancer Name Cancer Training Sets Validation Sets Test Sets Total
1 Bladder Uiothelial Carcinoma BLCA 314 63 16 393
2 Breast invasive carcinoma BRCA 776 157 38 971
3 Colon adenocardnoma COAD 258 52 13 323
4 Glioblastoma nmultiforme GEM 304 6l 16 381
5 Skin Cutaneous Melanoma KM 285 58 14 357
o s oic 7 i e KIRC 268 53 14 33
carcinoma
7 Brain Lower Grade Glioma LGG 405 81 21 507
8 Lung squampns. cel LUSC 379 76 19 474
carcinoma
9 RS Hon ov 344 &8 18 430
cystadenocardnoma
10 Prostate adenocardnoma PRAD 394 79 20 493
11 Thyreid carcinoma THCA 393 V) 20 492
1 Uterine Corpus Endometrial UCEC 318 & 15 398
Carcinoma
Total 2 12 4 438 892 224 5554

= o] AA A oy et oF A AT oS Aol ik A
o] 71&9] HEE = 2 TCGA dloly A& AR&3ste] Fee, AdE, Solk
7%= F-score &< H|X 713 tk. 20199 Yingshuai Sun 2] 79 o] Scientific ReportsolA @i
2 54 fdAe d7IAEelA e s 1R e FES 008 17
| 3= I 127FA19] k& A1Esiqivt. whebA 2 oA % Yingshuai Sun & 7%
Scientific ReportsollAl it =& 28 12714 9] gholl tigk FAA dHolHE AR&3st] & d53t.
127kA12] ¢+ BLCA, BRCA, COAD, GBM, KIRC, LGG, LUSC, OV, PRAD, SKCM, THCA, UCEC Solt}. = 19+
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TP+ TN
TN+ FN+ TP+ FP

UEs Aol e AH TolA oS Aaph FHow drhde A9 dEhin, A2 ofsl et

Accuracy=

TP
FN+ TP

Solw Aol gl A oAl olF Ast S40R e

onl
o

= uehii, A 3)el ofa it

T_i: [
FP+ TN

AuEE o= AWl dyom Wua A4S oA AA Dol 9= AT U= A9s den, 2
(1ol o3 TG
(414)
. TP
Precision =

TP+ FP
F-scoret= AL} WIALE A AgolH, 25 93] Fallxit).
(415)
Precision X Sensitivity
Precision+ Sensitivity

I"—score= 2 X

w g A

o
N

p
u!

1

e

Yol § 29 #Zo] 1271A] ol diste] A= 74.11%01H, AUEE 75.7%°] 1L,

rr

5
73.84%0)3L, Eo|%== 97.61%°]™, F-scores 74.1%°|t}.

(% 2)
o o|l& OF %l  Testsets Precision  Sensitivity Specificity F-score
arake BLCA 16 58.8 625 96.63 60.6
Supob BRCA 38 70.7 763 93.55 73.4
ZEhM COAD 13 100.0 76.9 100.0 87.0
NEHESCIES GBM 16 58.8 62.5 96.63 60.6
g s4E SKCM 14 68.8 78.6 97.62 733
AIERA A o el ) T 2h KIRC 14 68.4 929 97.14 78.8
el 12 LGG 21 93.8 714 99,51 81.1
EEHE MIY Lusc 19 94.4 895 99.51 91.9
Lha M HBIS ov 18 76.5 722 98,06 74.3
HEyMe PRAD 20 64 80.0 95.59 71.1
2hak Mot THCA 20 87.5 70.0 99.02 77.8
R Ly aket UCEC 15 66.7 533 98.09 59.3
Average 224 75.7 73.84 97.61 74.1

54 B 299 Ass B7Fe W AA8H= A1EQ] confusion matrixis AAg Rdllo] oS3k ghe] #AE
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Estimated number of new cases from 2020 to 2040, Both sexes, age [0-85+]
All cancers
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2
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07
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06
Totals Low HDI Medium HDI High HDI Very High HDI
2020 19283311
2040 28431813
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EH2
Personl’s Mutation genomic data  Person2's Mutation genomic data  person3’s Mutation genomic data
Femate ke
chrl 1012123 GoA Missense. S5 TE1IZIASC Missanse. che7 1628525 C>CTT Nonsense mutation..
che7 1122578 DELT Nonsense mutation. €hr13 1428573 INSA Missense. «<hriS 1128585 Nonsense mutation. D
chrd 2012103 INSAAGGE Nonsense mutation. ST 1282108 INSANG Missania. <hel6 1778101 DELT Missense.. ata
ehr11 1412129 A>C Missense. chri0 14145629 DELC Missemse. chr19 1334358 DELCG Missense. — &
chX 1718126 €T Missene. Y 1THSET T>CCT Missense. <he2d 20714865 TTG>T Misserse. Preprocessing
Input data
e e e <

X JF 0w

Result

Deep Learning

120
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Training process

Data transformation

Deep learning network

Training sets

Backpropagation
Loss converges to 0

Evaluation of cancer
prediction
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Test sets
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i St i TCRRG [CAGHRTIOM DAY TCAGMTA TR ook A Tk DAL o e ok e s | % PRISONZ
oo T b e UGARCA CGARAXDOAIDARE T DRSS - A O B A b i L
Noroerue Shvatn mie  TCGALUSE FCGAROLOWNDRIGN TCGAFOR OO 4
T e R AT W 4R AT A T A A 004408
LTV e TCOACCADPCOARRS MDD AR KBRS R el i B TR A
o Mg TN ke TORCICAGRMIOARY  TIORMEICAR Y G et TOGRCATOSA LIRS T AL 045
- 4 b e
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e S TG BN PO T AR SLL 1T R0TH 08 T A4 A 01D T
Vo Wt U0 DA {00 7 Alid-n 105 AP VA T Al A 1 M

=

Vi 154 A TICA AR S0 U3 41 S03C0 T A 4 21003 0

I. I, Tu[Tu
e Go[ 4yt asn| 2|

i EREE - [fmrfEEitee

ehrl  1E+06 1E+06 G=A| 1. TE+06 TE+06000 1 1 D 1 254173 Splice SiSNP G G A novel [!INICGMI 'ICGII TCGA- 09454
chrl  1E+06 1E+DEG>A 1. 1E+D6 1E+0B000 11 0 1 DEZE Dﬁ SDFd 51150 Intien SNP G G A novel l(TCGnot TCGA TCGA-GaBeai
ehrl  1E+06 1E«06 CsA 1 1E+06 TE+0B000 1 1 0 1 9B2E05SDR 1150 Intron SNP € C A novel TCGnet TCGA TCGA-23383.
ehrl  1E+06 1E+06 G A 1. 1E+D6 1E+05000 11 0 1 SE2EDEACAPY 116983 Slkent SNP G G A novell i TCGnot TCGA TCGA-Sateat
ehrl  1E+06 1E+06 GoT 1 1E+06 1E+06000 1 1 0 1 982605 CPSFIL 54973 MissensaSNP G G T nevel - leTCGnot TCGA TCGA- Safieat
chrt  1E+06 1E+06C>T 1. 1E+06 1E+06000 1 1 0 1 982E-05DVL1 WesSiknt SNP € € T - fflemi TCG hisp TCGA TCGA- dfd6s’
chrl  1E+06 1E+06GoA 1. 1E+06 1E+06000 1 1 0 1 982605 CCNL2 B1663 NomsensSNP G G A novel femi TCGnot TCGA TCGA- (3450
chrl  1E+06 1E+D5CoA 1. 1E+06 1E.0B000 1 1 0 1 982E-05 CCNL2 Bi663 St SNP € C A novel - = fomiTCGnot TCGA TCGA-226b6
chrl 1E+06 1E+06GxA | 1. TE406 1E+06000 1 1 0 1 9B2E-DSATADIC 219293 5UTR SNP G G A rSENby 120 = o maleTCGnot TCGA TCGA- S04

FHHR0I2 szH/o|Eo|
AEE M YROM Helg
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EH6

| chrom l:hm‘rsml chromEnd

name | score ‘ strand IthlckStaﬂ||hnckEnd

teserved | blockCount IblockSues

chromStart
§

lamplacw|
nt

NP_Val (day
H

s lo_de[cigarettes

Tumor_Sa [Matched_No|

alcohol_his| alcahol_int years_smok| '
tory oy o height | gender | project_id | ethnicity rnpl:a Ean: m Ef'::ng:s_ case_id
<TCGA 7 HH| H| 0| B | M4 E
\ chrom 1chmm51an name ‘w’@"t—,‘:ﬂ gender | project_id
o A
<6712 HEE Teea 7 HA| GO HH E>
EH7
FuH @ -
e R} Kol Ho| 57 42 % 3F
chrom || chromStan name Variant_Classification || gender project_id
chr19 | 54906324 G>A Missense_Mutation female TCGA-BRCA
chrs 141303636 |] C=>T Missense_Mutation female TCGA-BRCA
chri1/] 119156972 || G=A Missense_Mutation female TCGA-BRCA
chrX 53549029 || C-T Missense_Mutation male TCGA-BRCA
chr7 || 149104497 || C>T Missense_Mutation || female || TCGA-BRCA
chrX 78755160 || insCCTCCTATGA Frame_Shift_Ins female TCGA-BRCA
chrl || 45088038 || C>T Miszense_Mutation female TCGA-BRCA
chrd 1939673 G>A Missense_Mutation male TCGA-BRCA
chrX 34943721 G=A Silent fernale TCGA-BRCA
chrd 1939673 G=A Missense_Mutation female TCGA-BRCA
chr14 | 91812365 || A=G Missense_Mutation famale TCGA-BRCA
chri2 | 6814099 C>G Intron female J| TCGA-BRCA
<35 O|OjE{of AT Hy HES
EH8
deam mm‘ e "":éﬂ"'i oo | o d | T e Buede M flerm Samel Hucsde
1 HTIMBIGA  Miwerse Mifemaie  TOOA-BRCATCOA-ZT-ABRE-TIA-110-A41-Y TCOA 1A 01D A8
et LIBEL08GA  MineneMifemale  TCGA-BRCATCOAT-ADRG-01A-110-MIF09 TCOAZT-ABRG-10A01D-ATF00
0 VDMGIEA C51  Morseme Mlemale  TOGA-BRCA TCGAZT-ADRG-01A-110-M1F-02 TOGA-ZT-ARG-1OA1D-MIF-03
Wb SRNIGHA Ve Mfemi  TOGABRCATCGAZTABRLTIAIOMTFD) TCGATT ARG A 0D MiE | = Personi
il SHIMAGoA M Mfemale  TCGA-BRCA TCGAZT-AIS 014110 MIF09 TCGA-TT-ASR6-10A-01DMIFD
Splen S female  TCGABRCA TCOA T ARE-01A-110-ATF-00 TCGA-ZI-ARRE-1ALIDAIF-09
MO IBEHCT  Sen et TCGHBRCATCOANKABAQIANID-AIAE TCGARCATA DA OID AN
W0 TBEIGT  TUR  female  TCGA-BACATCGAIONABOA-IA-HOM A0 TCGAAH-ARSA-10A-01D.ADEAH 08
Wl SR M e TCGKBRCA TCGRXABADIATIO AR ICARASAA0IDA300 | wap  Parsan2
bIL 1GHS060 OuTTGCTIkon feale  TCGA-BRCATCGAOOASSA-D1A-T10-A36-09 TCGA-XK-A80A-104-01D-A36hH07
12 DTG SUTR  female  TCGABRCATCOAGASIADUA TID-AJEHED TCGA-OAA 104 010A3N-03

4

Person1 TCGA-BRCA female. chrt 20723688 G>A Missense_ Mutation, chrl 228338310 G>AMissense Mutation. chr10 12246268 C>T Nonsense Mutation. ch
Parson2 TCGA-BRCA fomale chel0 17152036 G>C Intron. chrid 122640347 CoT Silent, chrlD 133224923 G>T JUTR. chrl1 533786 A»C Missense Mutation.
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3, Convid, 128

Batch Normalization

| K-max pooling, k=64 |
!

| Relu |

[ Fce1o2, 1024 |
[ 3 Convid 128 | 1

| Relu |

| Batch Normalization |

[ Fcaozs4 1024) |

EHI2
3, Convid, 128

[ 3 Convid 128 | | [ 3 Convid 128 |
[[Batch Normalization | | [ Batch Normalization |
[ Relu ]| ] Relu |
[ 3 convid 128 | | [ 3 Convid 128 ]
[[Batch Normalization | | [ Batch Normalization |
[ Relu ] [ Relu |
[ 3 convid 128 | [ s Ccnv"ld, 128 |
[ Batch Normalization | | [ Batch Normalization |
[ Relu 1| ] Relu |
[ 3 convid 128 | | [ 3 Convid 128 |
[ Batch Normalization | [ Batch Normalization |
[ Relu ]| ] Relu |
[ Max ptcling | [ Max ploo;;ng |

EHI3

| Relu |

—

| Relu |

[ 3 convid 128 |

[ Fcaoes 12 |

| Batch Normalization |

Relu

!
Softmax

1

| Qutput |

3, Convld, 128

Batch Normalization

Max Pooling

- O
NN AO

4
8
6
2

EH14
Max Pooling
1/0/04
5|24 |8
2(1/26
0(1/22

e

* Conv : Convolution layer
* FC : Fully Connected layer
* Relu : Rectified Linear Unit

* Shortcut connection =—p-

v

K-max pooling(k=4)

OoIN|UT|—
a|aln]e
NN |O
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Softmax output, S(y;)

cat dog horse

0.71 | 0.26 | 0.04

0.02 | 0.00 | 0.98

0.49 | 0.49 | 0.02

EWI5
EH16
10 Rectified Linear Unit (RelLU}
8
&
2
= 2
5
ERE
-2
-4
=6
|
=Bt
-8 -6 =i =2 o ] ]
%
EWHI7
Input pixels, x Feedforward output, y;
cat dog horse
L 2™ :
5 4 2
Forward Softmax
propagation . : function
—| 4 2 8
Shape: (3, 32, 32) Shape: (3,)
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Personl’s Mutation genomic data

le
el 1012123 G>A Missrse.

chv7 1122578 DELT Norsenss mutaton.

chvd 2012103 INSMGGE Nonsense mutiton.
chrll 1412126 AC issense.

X 1718126 €T Missense

Person2's Mutation genomic data

male
eheS 16124523 A5 Wissense.

B 1210 ARG Merse - Data
ST 1o i Preprocessing

Person3's Mutation genomic data

dhr? 1628525 €5 CTT Nonsense mutston.

et
ehr2d 20714565 TTGT Wissense.

Input data

False True
Negatives Negatives
(FN) ;

True False
Positives Positives

(TP) (FP)

True labels

oin
]
Jm
9!

!
X w I +m0own

Deep Learning Result

Backpropagation

A cHEE
e i RR TP+TN

Accuracy = oy TFN ¥ TP ¥ P

Recall(=Sensitivity): 27| 242 A2 %“é‘ﬁ‘lla'ﬁﬁ 258 AF 2 A
Recall = INTTR
Precision : HE{H02 Y422 ERS AR 5 UM 42 AE
Precision = %
F-score : F-score Precision2} Recall@] ZEsHE
Precision x Recall

F-score = 2X—————
Precision + Recall

Specificity : 27| S8 ME & HefgoR ERE HH S4Y A
TN

Specificity = TNEFP

Confusion matrix

100

80
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color

40

20

T T T T T T T T T T T
BLCA BRCA COAD GBM SKCM KIRC LGG LUSC OV PRAD THCA UCEC

Predicted labels
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