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[0009]

47] BAL PD-1 ©d, PD-L1 whid 2 CTLA4 &l 3 A& shs Tt 39, Wy,

Bare) qhgiabel ) o A AR 9 ) wel Gkl v@ whg fRel tE 94 Azl 7)Zatol
47) W] GobAl W W RS st wAE U £ A, W

2 S YES e 7nkek wAleld 7S &8st of Exlel dig ICI Am &3 4 A ATES 95
3] 7 o

bl A AL AMuy, was) FAse FPAL] 54 olgslel Rdsh AEE $A: ek
HAlsh B Aol B4 B AsAE AAS FAsE BAFLA EAtGo, ofe Ragel £A5
Q. Aulel AH WL ol gsle] PSS AxE T 5 At WA TS

HAZGA R, A WAAAES 28F AAA AL} = Y wE. THA F=
AANAEE o] gate] FAZR A V1] A nHY RAgo] Ha, WANLR] V]9 s A3
S olgsty] wWiiel g7Ite] FaE A& 5 sdvke Aol An. Avieh el V1€ Al e S5
st Ao ge AR A2 dndes Zgdta glom, AfeldaAE 2013d &3] A2 WY
TS A v e

dogdeAe % F9s x4se FAAEA Rituxinab 5), WA

(Immune checkpoint inhibitor %), WIAEE AFH Fosts WA
TH3 4= 9tk (Oiseth et al., 2017).

o

HAAREAAA(ICI; Immune checkpoint inhibitors)e FE-E ¢ x5 AFEd 7|8k}, & 3183 @
U v g of ICls 82 AR Fago] d4 Hdov A5 a3yt Qgiicts S Adrt. oo ICls
a¥S gL sty dAls S AF(melanoma), W39 (bladder cancer), 223 9]7¢<%(gastro—esophageal)
T A8 7rse o B e solH.

o o}z AL 49 Fxgto] ICI 2Hel adE & 4 glon (30% o]sle] XREE&) xR mE HAdo]
EZA8 4= glrk. ool ICI &Wel 3k vlo] @ m}# (ICI-response-associated biomarker)ZE o}, X8 A =}

o]
AN S
of et Am G37t o= AEdA dS5Fonm sape] AA YEES o= Wye] Alad A4l
3}

2 thoFdlk oF 3z} IBEC Il X Eol
So], Wo3ete] 93k PD1/PD-L1 &L ofgl oFo| s FDAZE 52

Z’:

= = o
g aEolt}, old] sl FEe AF A A4E #HgolA PD-L1 2&I} ICI w5 2+ SHAAIE o nf
Atk TG o8 AFE2 PD-L1 L& ICL §ES Atelo] E5d3 A7 flvkes AdE UAY, AXo &3
PAE Heltka Hausly|= . o] o], T FAIEHIY wpolowlAEo] UyH WSS Holx ¢gow
A o 83 dFo] 7}ee vlolnfAE e I o] giFEal gtk FHolE Litchfields 7]£9] HpolL
Tuk 7 gE 3eld 4 gt Havl gon AR AAE S AL

Aekal 71 = @} (Litchfield, K. et al. Meta—analysis of tumor- and T cell-intrinsic mechanisms of
sensitization to checkpoint inhibition. Cell 184, (2021).)

WESZ A= (Network biology)® AHE3 vlo]utAE e ol & =go] v, UEHA 7Nk uleo]on}
7 gAe TH8E A H|23 7|5S st -4 A= PPl(protein—protein interation)d EA FHolA A=
2 3o $AgttE AS o] &gttt olust AEAFS FEte, @Y FHAF v|dte] @A Hl g 1
e g FHA RES Folgith. olE 50], Hofree et al.> ¥d WEHRT Tl @A shrte]

ofk
£2
N
-
N
)
ofr
=
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EdWolvto] T3l fabwe] Aw AArt Ao frAgHS &elskglth. (Hofree, M., Shen, J. P., Carter, H.,
Gross, A. & Ideker, T. Network-based stratification of tumor mutations. Nat. Methods 10, 1108-1115
(2013)) Guney et al.& &+ °oF=9 & F9¢ AW 4% 119 A7t 7Mhess £ S EHlve=
AS =939t (Guney, E., Menche, J., Vidal, M. & Bar abasi, A.-L. Network-based in silico drug
efficacy screening. Nat. Commun. 7, 10331 (2016).) gt ¥ Wiz 5L IAZHEEH FH3 e7lwol= 2
Agel ol AN ARE ol8d 4P B, UENT 2UAS oledtel daxel WA AEES A
& o o W vlolonlAR AW dtky wusgch. Angow vED Jwe gaow 33
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F7) HAE SAsty] g8, 24 d FHe WAl Y-S o] &ste] Ekxte] Wl gekAle] e whE 55
e Aol dolA, FHAA HESNA F WY FAA A4S 2= O BETH AR(EAF Vs
Ao AWEHE FE3= AEIH AR F25, 7] WY IJIAE o) &3t WY SWe AT ot 43
Zke] AARA dlolE (transcriptome data)ZH-H F32 &4 BRE 7] i A4 F2e] &4 ARz ¥
et A G4 AR M gov)e] g WY A wkg 3E mEle] Y] oY fdA ARE Y
ste] A7) i dgkxte] v A A gid whg fFE ddets ERE X3sle FAE ATE.
o e o SUe vl Hdg o] 85t tEhate] Wl kAl uigh whE fF-5 ¥hdske W 9l
A, A HES A 5 WY FdAle] 24S s i AR ARE FE8e 9, AV 1Y 3¢
AE ol&sle] WY 89S AT ol H3Ate] MAMA ©lolE (transcriptome data) ZF-E F32F &4 AR
= A7) i e Az g4 ARE W3ste 9 2 vg gad W9 gokA uke i wdo] )
2 FshAtel A7) Wel ggetAlel gk whg f§5-E sk dAlE X3

T owm= :l']:}'
Bl A A e ZA7IeE wpelrt A A gom, L vEiokl &k TR 7IEAt oldd
Qi W9le) BE Fue TPs JoR a4 Hojol st
wgo] a4
PN
nn

wgle] gA 2 Py B8 o BAol Uld ICL o] kst Bae] AA AEES A A5
@ 4 oglen, ool wel 11 AR E3E Fulshe 4 Ak

T 2% 24d e gngFe Al #AS vERd E=dolt)

= 3% NetBio 7]¥F =3} A XA} 719t o =(synthetic lethality-based prediction; SELECT score)S 4
RS W] o5 des A Ftsto] veRd Aot

T 4L UELA 7N HAlYdS AREste] Wl g #E volentAE gAstE $4S YERd Edelt)
L 5% Ul 7HA] AZEA WA eys v s tigh ofE g 9 AA AEE dF5 Hes UEd =W
ojt}.
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oin

T 72 Al 7HA SAF dlolEAE g oS 458 vEhd EWolt),

T 8L ShGo AR H A o =7F ZE(external melanoma) HOJEAE] tid WY X g ¥hE o= A%
< Yeld o),

£ 9& 8 TFY ve]empAR 22714 dF AT e AdS WAs AdyE 8oFs EHolt).

T 105 £44 MEYaE F&(NetBio) © H]Z-&(ML-based feature selection)3dS W] o= A%5S e}
W ZHolt),

I 112 NetBio 7|4t oS o2 Fdn Mg WAy EAS 743 o),

T 128 TCGA ZZECNA NetBio 718k d&3 WY &= (immunogenic features) 7+e] A#A#AAS el =9
ot}

T 13= %43 E FQ% (positive feature importance) A9 10719 WY EAS el =do|t),

T 148 &3 Ex Q% (negative feature importance) ¢ 10719 W EAS vephd 2o},

% 15% NetBio AZ(FAFREE G27]-G2-M7])2l wH&d F==o], TCGA Y+ oJEA ®x T A¥E(follicular
helper T cell) HlE3} F2 A3 A QS Yepd =Ho|o,

% 165 NetBio AZ('AX7}

FA g WA Q&S e

FEASH ArTIe] Ajt R 'FegR 243) o] wd o], WidT HlT
=

% 17 NetBio 429 @@ FFol WU WelxAsie u W EAFH AP kil Ewold)

T 182 dES= 7]‘*9] AARA 533} TMB(tumor mutation burden)S AF3S wl PD-L1 AA
(Atezolizumab) & 3k Bxle] AA AEE U o= Hxo] F4ES JeElA ot}

% 192 TMB 7]%F PD-L1 ¥ES oS 2, MBS} NetBio 7|Hb of| S8 wludt Ewolt),

I 205 IMvigor210 HOJEAIECNA ol d ICT whgaF B HlwbgAte] gk TMB & ekl =rojtt,

=212 fge] e gudEE SAERE YE EHelt

wgs

ool = HEFF =e FEsto] Belo] Hoh= rw LoklA 4 AAE TH ATE &olsiAl AAE
A

HAIsE7] 218 A W&

Qs Bl AAdE A APHTh Te) BQe olg X gold Fulz FAY & glom ool
Heste Aaldel @454 e, adn SHeA 292 Bas) dde] A A BAgs v
o geretgdon, BAA AAE Fael HAR Tiel UL fAR £W PEE B

B AN AAANA, | FAZE thE A el fiAs: dnka & W, o of® RAlk thE Al
Hal Qi ASW ol Rl Aol ® thE Rk EASE AE w2

2 W AA X*zM A, ofdl ol ofd T4 84 "EF' Arhm & W, ol 5w woHE /A g
F e Y S4E At Aol ohld nE T a4E U EFT & de AL ovlen

e AN AAGIA AgSHE Amel go] "o AAHon T A ould] niH Ax L 2A e
AF AAE W 1 FANA Ee R DA GviZ AgHT, B oldE F71 A 43HsAL
AAe FA7 AFE AN WSS AP AL TS ol Faks AL WA As) AT, B
2 AN DA AFEaE AR go] () TA EE o) WAE - B A3 WA ouaA

n

AR AANA, wHEA GAel EHe] EFE TolEel £F(E)'9l Sl vhEA Gl mH JAE
¥ 1 e

[e)
S olForl wold MEEE shi olge] EF wi 2FES s gowA, 47
A Fel A AEEE st ol e Tshs A o @,

AA AAAA, "A R/EE B"Y A= "A B B, v A ¥ B"E W]},

<«
B AN AN, G MEALR A GG 2 GER G EA8E ERIE gelelr. o
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oz
L

N
T
ol
O_;u fol
M gy oo
! E ok rlo

}_

I
ft
oz

fo o oxl
ol

el
o}, 2 e (1) ICI HolHMENA AHAEE oFo] 7Fed &= dar, N2 FAF nfo]lentAES Felg
SIR= Aoz E IPaEL SAF(melanoma), WFN(bladder cancer), Z2]al <L (gastro-
esophageal )& ¢ low, PD1/PD-L1ol| tfdt ICI X&E w2 7009 o]de] AU EZAA, UESYZ 7|5k u}
olentAL] wd HEE o] gete] Ak whgatel HWEEAE FEE AT, FEE f8ke] 2] UEY
3 7|8k S E88aL, L Ay FHA vEYA U W98y xAY 2T AR g F2E I

-1
=
T A

A hofr o oo © o

REA=

FAX Y EL A F1](Preparation of genomic network)

STRING database v.11.0.°A4] A%t PPI network®E thE2Z WHITH(https://string=db.org/). ¥ AlFx9]
PPIsE A&3l7] g8 AbolE W 7008 o]Ate]l YEYAS A3, YEYT 74k B8 98 16,9571 9
=X 420,381709] A E ¥IEE UM E FAA UEYITE ALY, dF WEY I NetworkX python
modules =3 AT WEY AL AZtshE= cytoscape(v.3.7.1)E AF&-dth.

JEY 3 7|8t vlo] A &4 (Network-based biomarker (NetBio) detection)

gL (1) F814 UEYA oA ICI xHe] He F8A &4 (2) ICI 147 43 BESH A=
(Reactome pathway) BrA1e] = AR F3)3ict. WA ICl EZ 0 7ML F42S, NetworkX python module?
personalized page-rank ¥i#]ES A3 VEYI A9E T AEF. ICI 49 18, tE AR =
0& 3l page-rank &g|Fel /E wiziWol JHrt. JEF wiESE V) 2ES AR WESA
Axt 3 A9 2007 FAAES ICI EFH o] 2H3 FAAE 3.

U, ICI A0 248 FHAE AREste] ICI XAl 23e BESA F2E FAFY. ol& 3 ICI %4
T FARIE 72 AR o AR Ity o] J=AE FA|FH o2 AAFSE gene set enrichment testES FF
. wpH o R ICI %4 24 FAX7L Ads] ol x3d 425, A P-valueZl 0.01 oJsIAE 7|+
o2 M), scipy® statsmodels python modulesE AF8-8Fe] Z+Z} Hypergeometric test statisticsE A4k

3t P-valued =43},

A7) AR 4 AR AEEE 34 doly Ay AAS x¥§E 5 k.

&z} dlo]g] A& (curation and preprocessing of patient data)

Bl A2 o 79 i S E dis PD/PD-L1S Wde® sk ICIsE A3t
(7 32 5 E:

(1) Gide et al. (Nivolumab, Pembrolizumab and/or Ipilimumab treated melanoma, n=91; Gide, T. N. et al.
Distinct Immune Cell Populations Define Response to Anti-PD-1 Monotherapy and Anti-PD-1/Anti-CTLA-4
Combined Therapy. Cancer Cell 35, 238-255.e6 (2019))

(2) Liu et al. (Nivolumab or Pembrolizumab treated melanoma, n=121; Liu, D. et al. Integrative
molecular and clinical modeling of clinical outcomes to PD1 blockade in patients with metastatic

_8_
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[0047]

[0048]

[0049]
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[0051]

[0052]
[0053]

[0055]

[0056]

[0057]

[0058]

[0059]

[0061]
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melanoma. Nat. Med. 25, 1916-1927 (2019).)

(3) Kim et al. (Pembrolizumab treated metastatic gastric cancer, n=45; Kim, S. T. et al. Comprehensive
molecular characterization of clinical responses to PD-1 inhibition in metastatic gastric cancer. Nat.
Med. 24, 1449-1458 (2018).)

(4) IMvigor210 (Atezolizumab treated bladder cancer, n=348; Mariathasan, S. et al/. TGF B attenuates
tumour response to PD-L1 blockade by contributing to exclusion of T cells. Nature (2018).
doi:10.1038/nature25501)

(5) Auslander et al. (anti-PD-1 and/or anti-CILA4 treated melanoma, n=37; Auslander, N. et al. Robust
prediction of response to immune checkpoint blockade therapy in metastatic melanoma. Nat. Med. (2018).
doi:10.1038/s41591-018-0157-9)

(6) Prat et al. (Nivolumab or Pembrolizumab treated melanoma, n=25; Prat, A. et al/. Immune-Related
Gene Expression Profiling After PD-1 Blockade in Non-Small Cell Lung Carcinoma, Head and Neck Squamous
Cell Carcinoma, and Melanoma. Cancer Res. 77, 3540-3550 (2017).)

(7) Riaz et al. (Nivolumab treated melanoma, n=49; Riaz, N. et a/. Tumor and Microenvironment
Evolution during Immunotherapy with Nivolumab. Cell 171, 934-949.e16 (2017).)

o]7|A (6) TIEE ZAE MIuLS (7)) IITEE oFE X Ho Iy MIue ALLEr).)

ATE AR 8] % 19 2o

¥ 1
Dataset Cancer type Drug Treatment type Total samples Responders Nonresponders
Mariathasan Atezolizumab
(IMvigor210) Bladder PD-L1) Pre 348 60 238
anti PD1
Liu Melanoma (Nivolumab, Pre 121 49 72
Pembrolizumab)
. Nivolumab
Riaz_pre Melanoma *D1) Pre 49 10 39
Ipilimumab (CTLA4),
Gide Melanoma Nivolumab (PD1), Pre 91 49 42
Pembrolizumab (PD1)
anti PD1
Kim Metastatic gastric cancer (Nivolumab, Pre 45 12 33
Pembrolizumab)
Auslander me ICB Pre / On 3T 3 34
Prat_ MELANOMA me ICB Pre 25 9 16

Pre: pre-treatment; i3 &0l o2 A& o]l 34
On: on-treatment; 313 Aol k= A& o]Fol 3

TCGA(The Cancer Genome Atlas) WI°JEJAM|E+= (1) TCGA SKCM (melanoma, n=103), (2) TCGA STAD (stomach
adenocarinoma, n=375) and (3) TCGA BLCA (bladder cancer, n=405). Gene expression data (HTSeq -
Counts), somatic mutation data and clinical data (i.e. overall survival data)& TCGAbiolinks R package
= AMgsle] gers wokth. TCGA o+ &-AFe] TMB(tumor mutation burden)S AAF3}7] 98] Wang et al.2] of
g 218 #-83t}. (Wang, X. & Li, M. Correlate tumor mutation burden with immune signatures in human
cancers. BMC Immunol. (2019). doi:10.1186/s12865-018-0285-5)

TMBpaticnt = Tpaticnt X 20 + NTpaticnt X 10

o714,

Toatient: 5% =AW o] (truncating mutations)
NTpatienc: BlF%E E o] (non-truncating mutations)

%= =90l nonsense mutation, frame-shift deletion ¥+ insertion, 123l splice-site mutations

_9_



[0062]

[0063]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0072]

[0073]

SES061 10-2470937

2HE. ¥FE EdWol:= missense mutation, in-frame deletion ¥ insertion, Z¥]3l nonstop

=

mutationg &},

A TEAARe AAE]E FHA LHAFF(gene expression levels)E AAFSE 9l 'M-values (TMM)
normalization from egeR R package' 24 J+f&}¥ IMvigor210, Auslander, Prat, Riaz ¥ TCGA datasetsE
A& 7| e} oH A Ex Lee et al.o| A5t At s} | e AH&-3)
t}. (https://zenodo.org/record/4661265) A2t 7 & (pathway) 2dl 3¢ A4kl MsigDB databasecl X th&-
2= WS Reactome pathwaysE A& ow(Lee, J. S. et al. Synthetic lethality-mediated precision
oncology via the tumor transcriptome. Cell (2021). doi:10.1016/j.cell.2021.03.030), GSVA R packageE
A}8-3t single sample GSEA(ssGSEA)E 43 alt}.(H §nzelmann, S., Castelo, R. & Guinney, J. GSVA: Gene
set variation analysis for microarray and RNA-Seq data. BMC Bioinformatics (2013). doi:10.1186/1471-

2105-14-7) Z} AZ9] 2 (pathway) &d 43 5AHL nomalized enrichment score(NES)E AM&-3c}.

e

AMZS w3 AF(responder)®t HIWES-A(non-responder) & F317] 93 response evaluation criteria in
solid tumors (RECIST) criteriaZ® AF&3 o™, o]7]4 Complete Response(CR)¥} Partial Response(PR)2 WS-
2}, Stable Disease(SD)9} Progressive Disease(PD)+= HIWF-SAFZ EFFTh, RECIST criterias AFE-SFA] @A
U, e olE AlFeA ¥E dolHAMES dEiAe 2 dlolHAET}L AASE WA /BREEAE 275 AFE-E

*

oS A4 %, NetBio 7]¥F |53 SELECT(synthetic lethal relation) 718k 45§
el

ol 2
it
>
ofo
o,
!
i)
mﬂ Ol
offt

=& AA (Measuring performances of machine-learning (ML) predictions)

HAHYML) RS 587 98] scikit-learn python moduled Ab&dte] 228 39 E2X (logistic
regression)S A&HPTr. FAFoR B HA0L 12719 At 2A Y 39 B ndS ALY ML 2
grFolle g WS (SR HIEEEAR )l digh fAR/ AR HE s AT, Ade = wpiws
E Adgsr] 9 0155 1744 0.19] 1H4 &<t Aatsk miyf "e(OF wEste] g% doly AlEol A Gul

AsE Fd31090. 22 Evd a94E5 Fo7] & U2 7hex = wpidsel 'wd wiEsE
ARERITE, A 2 wiiEeS e Y8 Scikit-learn =E 2] GridSearchCV 71%5S AFE3ITh. FHdAH/7
2 3 552 ZIE Abol9 Hlx] &I (batch effect)E HAslslr] #18] ML FH/E2E ol z-score BT

Leave-one-out cross validation(LOOCV)ollA Th&9] 7]E& wHEsle IS EE aH Uk (1) 3070 o]d<] A

A (2) WA/ MNREAE B 242 A4 10718 AE A 2 AR 9 7ol e dHolHAME s
AAF(Gide, Liu, Kim 2 Imvigor210). Scikit-learn =59 LeaveOneOut 71%S AH&3le] &5 /El2E H)
SIHAES #&dr).

rr

N

e e

42k 719t vlo] @ wlA (GeneBio) 2k ¥ A|$H7 7]1HE Blo] @ vFA (tumor microenvironment—-based biomarkers:;
TME-Bio)oll 7IRESE 55 &) Fda 2d 25 ol&dl #ildd 223 S5/ 2EJT. GeneBio= PDI1,
PD-L1 T+ CTLA49] #d 55 AF&3lth. TME-Biow= (1) CD8 T cells, (2) T cell exhaustion (3) cancer-
associated fibroblasts (4) tumor-associated macrophages(M2 macrophage)?] 2@ 5ol T3k vlAZ A3

o
golg FA4l9 walede dS4H%5S HAES] $8] Scikit-learn 7]1E9 SelectKBest 7] o] &3+
feature selections FHIATH('f_classif'E HF 715 wi/lWHFEA AFE3H). Reactome?] K(NetBio =]
) RS A, doly T4 WAlEY RS g5y HAEe AR Wd F£ES AEd).

NetBio 7]¥t &]=3} SELECT(synthetic lethal relation) 7|9k &g AFstd AL&3 2d &% AR
(Calculating prediction performances for the combined model using NetBio-based predictions and

—

predictions from synthetic lethal relationship (SELECT))

ME dg-s S YRR EE SELECT A4-5 Al3@dtt. SELECTE ICI &R & o AZoA e +
T2 Atole] 3 X AF(synthetic lethal)¥ FAd-ZF(synthetic rescue)E ©]8-3+t}. SELECT <<} NetBio
719k oS (L00CVe] 45 dES 88)S Addstr] dAd, WA F dF A 3 27w A (spearman
correlation) & AXFT. Kim et al. ZZE(HA fholA F d5 Habes oust AAAAE HolA sk

Jl(spearman correlation rho = 0.28; P-value = 0.16; = 39] b #ZF) o] & AR UE F o5 wdo] ¥
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[0074]

[0075]
[0076]
[0077]

[0079]

[0080]
[0081]

[0083]

[0085]

[0086]

[0087]

[0089]

[0090]

[0091]

SS=S0ol 10-2470937

Mol AEetd AEE ZAASS ovlat,

SELECT 4=} NetBio 7|WF o9 A2 Ha ¥ =YUAL Zhang et al.d AF7terdS A3 tH(Zhang,
N. et al. Predicting Anticancer Drug Responses Using a Dual-Layer Integrated Cell Line-Drug Network
Model. PLoS Comput. Biol. (2015). doi:10.1371/journal.pchi.1004498):

Combined score = w x (NetBio-based predictions) + (1-w) x (SELECT score)

o471, W= 08 1744 0.19] 345 & A% 7HeAE on g,

FA7) e BA 3o 3 obg] 9 (area under the curve; AUC)S A% AZEE ALEFHT.

2o A25AL #HA YIS o] &3l &3] W A g g F5FE WEs= W oM, f
Az MEYA F A1 Ao TS F3sle it AESHE ZA2E &8s WA, A We A s o
f3le] W QWS P At dskxte] A dlolE (transcriptome data)ZH-E A7) i AETH A=
of &dteE A FHA ARE FEse WA 2 v gsd WY okA v @ mdo) A gk 4
A ARE Jste] Y] Ak dekate] Ay Wl gotAlo] tigk wke FFE #EstsE 9AS ¥9sts W
< AFsot

A7) A1EFHA A2&Ho| FER RELS 7 2&5Ho| = ¥ Hedr

o, WY EWE Fxste] Bele P D AN P M@, e, 29| oed FH U
@ 5 9

AAle 1. dolg FdAg] # wAed 2 35 1Y

16,957719] ==} 420,381709] AA = o]Folxl SIRING 3z WESAE A&, WA ICI x4 (PD1-

Nivolumab / PD-L1-Atezolizumab)S A= A} (seed gene)Z 83} ICI A9 & EQa AA o

Agget (= 49 a Fx) WEHA Ao 71A 5HL I Ao 7 ==deE: 3y He

(influence score)7} Fobe Zoltk. thFo= &Y A= A9 200718 FdAE dAstn
=

L)
o
=

A E3A A =Z (Reactome pathways)ES AHEEATH (X 49 b Zx)HAEE Azz HAQW HS S d3ga, o)y
3 ARELS UEYA 719k vlo] @mb# (Network-based Biomarkers; NetBio)® 7FF3IT).
HA# Y 7jHk WA QW HE-S oSl 9lo] NetBioE 48 EXo=, T WHIYLW T Fdx4 59 §H4A

714t v}o] @ wlA (gene-based biomarkers; GeneBio), &% W A|37 7|49k ulo] @ v} (tumor microenvironment-
based biomarkers; TME-Bio) I+ dlolE F4l9] malgiyd HZogHE AUy FARZE 84 XL o 2 AFE3

(% 49c #x) 98 54 Id £ES AHEd Ailed 2d s iz]’\a sl EAom SEFAZAT. Y
EAQY dF HeS H2ESY Y (1) A9ey I8 & 4 97 Az SHI R 9E = (2) A
o] MA AEE g A5 Aes FAdG. Hilyd Bde] A= i‘ﬁ(supermsed learning)S 98] M=
e 35 9 HZE HolHAES AHEete] dF g dAds SAHAT. FAFeRE (1) g 2 HAE
HolHAEZ @ ZSEdA FeHe o5 35 v (2) 7 7H 54HE 3% 2 H2E dHoHAE 7F o
2k & stES APTh. wek teke 1d dE A3S THAE] sty dtE A& AV F A9k A

AL-E Hasr 58 J8ga.

AAd 2. mzF AAS B3 NetBio 7[¥F HAHEY A= A5 FTH

B 492 NetBioo] @A (trinscriptome)©] ICI WH2o thal 4 o= ASS 7IA 9SS
vt &2 oFE ¥4 (PD1-Nivolumab / PD-L1-Atezolizumab / CILA4-Ipilimumab)S AFEFS AF o Ao @
A= Ax g3,

_1244
| o
Hd
e
ol
ol
0
o\
)
=2
u2
n %
)
=)
12
fo
U:E
_g

LOOCV(1leave-one-out cross-validation)< &3

al.), Aol AFYL ZEZE(Kim et al.) 23] WF<

2x0=2 NetBiog AMESH g5 Zi} EE FITEA

RE; JVV*@J“* P-value < 0.05 7]5#) W2 oFE XA& AMES 3% die dad
71 e}

Ae HTS 98 WA, NetBiost k= % i
1 S48, 0%7]*1 T EAE :TiEE(Glde et al., Liu et
i E
[e)

Mt
r o
_Hl
k]
2
ot
o,
2
e
-9,
N
olr
o)
T
I
&)
o
o
=
R
o
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[0092]

[0093]

[0094]

[0096]

[0097]

[0098]

[0100]

[0101]

L

17t dAl AEE S7Fe NetBio 719 wAdede] Al HolHAEAdA wEatz dS5E dAEolA

el = At (Gide, Kim 2 Imvigor210; log-rank EHIZ~E P-value < 0.05 7]&) <& 34 2 7|4l wjalgy
2 o st dHolHAMENA AA AEE S EAHATE. (= 59 e WA g 3F=x) AEsHAAE UMEYZ 7]
Hk vlo] QulA gl okm ¥4 y|uke] galo Hg] oS ATl FTUMESS Eld).

222 NetBio9d dFAeS Fdo &olx ICI #H vlo]2ulA2l GeneBio F+ TME-Bio 52 =453 H]
WL, A7) Ul 7HA Sk HelHAE BFA EEat Y o ol de] AitE &1tk GeneBiool tia Wl
W EA(PDL, PD-L1 HE& CILA4)C] ¥ &S e dar, TME-Biool thaf D8 T AIE HF, T AlE A%

cell exhaustion), ¢ ¥# Afrols*E(cancer associated fibroblasts; CAF) @i £ & A=
(tumor associated macrophages; TAM)& X 3th. LOOCVY o5 5 4 &= F1 55 A
21 A7} NetBio 7|9k o Zo] th& EE vlolentAd H3) 5671 Hlule] F 5571(98.2%) 4 © FHol%t
AP (% 59 h WA o FHF)

a3 FEVF ZE g5 doEAES M BE g AFES o, NetBio 7]¥F o Zo] thE wlo]lowAE V)

W oS3 FE3 ALY L ol AsE Btk FAIFCR, dojHor THI HAE NEE 8:2 HERE Y

o] 100 WHE3le] monte carlo cross HAAS AASIATH. (= 69 a #Fx) 2 A3 567019 Hlule] F 527

(92.9%)°l WEYA 719k o|F9] GeneBio =& TME-Bio 7|WF o|FHT 57U 2 o] A HIS

Q“OL?}J:P (&= 69 b WA j FZF; two-sided Student t-test P-value < 0.05) WA HPo duglES &
S o 2 Hlo|onAES AHE PSS wr o A3 ICI ¥k ¢S] 7hEslt.

AAld 3. E & Z4F Ho|HAMEA Y Netbio 7% AF 45 A¥

A ML 2Hle) =8 SHE (1) M2 vy AER dutglels 58 3 (i) AlgE 5o Fd B5s A
& 7 e Aol dad A4 vom HA NetBioE AHE3le] FdE M 22e %PA<Q deolg AES A
4% W 4Ed dFS ¥ 5 JE U GeneBio i TME-Biog AMgste] F3¥ ML Bde & ukgs 4@ 4
5 F ES AAAG (= 7 Fx) M 2o dutsl 7hsdS HA=ES] Y3 Gide et al. SAF dlolH
AES AREete] ML BHlE Fdstar 3709 5940 SAE dolH AEAA a5 des HAEIH(E 79 a

%% ; Auslander et al., Prat et al., ¥ Riaz et al.). B¢ ¥y & nd A5S ALy 93 =4
2 37 B dF FE5 AFEste] oFE W3S BEYY. FAY) FAE 54 FAe T4 ol ¥ (area
under the curve; AUC)S A% A ZERE AFE3TE. NetBio 7|WF MLo] F 709 9 ©lolg AE(RE 79 b ¥ ¢
%, Auslander AUC = 0.79, Prat AUC = 0.72)01]*1 0.7H%F 33 Yz dolg AE(E 79 d Z*; R1az)°ﬂ
A 0.69ETF 2 AUCE HoFEtteE AL A3t NetBio 71wk ML E2] GeneBio T+ TME-Bio 7|4k o5
w§- e o Aee BT (= 74 b WA d #x) dE S Pb1 23L& o) AUC7F 0.6601 aﬂro}
o Ao MHEs ‘JrE‘rHW Egvh, e, T HE &Y v AE AFE S oSS Auslander 2 Riaz Ho|H HME
o A mj§- AZFPATHAUC > 0.7), = AT Prat HolE HAE(E 79 ¢, AUC = 0.58)2] 29 ojgxt} ¢
g v JEQI.

Ueoz, o A2 o FdH AES AT 5 e Aol ML 2ol BEE 4SS & 5 eA HAER
. oAl @ W, AE A717F B 2 NetBio 71WF MLO] GeneBio HE+= TME-Bio 7|4k ML E 23} w]alste] Uity
q5& & F 9}%3 FAAG. ol& HEESH] f8) 1003 W Sk F¥ dolE AE(Gide HlolE AIE)el
A Bk 80%E FA9l R g

AMEYs] ML BEs F-staL 3719 oF S4F oy AEA o= Ae5s
2EQt (& 89 a 3x) 24 ¥ 2 #folemtAYE 217 HlAL 5 1870l A FAIA SR foletA o F£A
U 5U3 HeS Hole= AL Y. (= 89 b FF; 85.7%) Auslander EloJE] A|ES PD-L1 &, Riaz
tlolE AlEe] CTLA4 2 Riaz Hlo]E] AES (D8 T A% &% upzrto] NetBio 7|¥h o=wT} o U4 o= A
TS YERAA R o]2]3k nlo] 9 wbA (PD-L1, CTLA4 2 (D8 T 427 wiA)+ o2 ZAF dolyg AEQ o3 o
AetA FATh. (& 89 b WA e FE).

A A 4. NetBio 718+ oJZ3} BeneBio X TME-Bio 7]%¥F oS¢ Aukd A% H|w

2 NetBio 7]%F ML 2do] ¢ #xte] ICI ¥WEE-S At/ «Fshes d AEsitts e FUddn. (=
9 Fx) B a3k 22719 M2 U2 H2EA NetBioZl 15470 HlL & 14370(92.9%) 914 ZAY o o
2 ASS Helomw, HA Hi dF &= 87l & Hiolomt F 1.5%th. (= 99 d FF) o] NetBio7}
GeneBio & TME-B io 71RF dSe H|3) FdE dE5S JhestAl s AlAReTE. (D8 T AMIE A% R (D8 T Al
Xo] upAY} oz 43 Aee Boem (47 H &9 3.09 E 3.55), ol& ICI7} YAEE =o]7] 4
3 D8 T MEE LAAZIE S HRZE e A4S 18PS o e Aoy, AAZ T =¥ D8 T
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[0103]

[0104]

[0106]

[0107]

[0108]

[0109]

[0110]

SE53 10-2470937
MEZF EASE A2 ICT W3 A3aA &% (hot tumor)d} & ESHsH
Z9%(cold tumor)S A H3l= A AT, o= B5ka (DS T Al
¥ 7] EE D8 T A 27 mAE AFRsle] wHE oS3 vludle] NetBiote 2H2b 2271 El2E 3 2070
(90.9%) W= 1971(86.3%) HIAECAN 534U O e A BAth. (& 9 Fx%) B<o] PD-L1 (&S W
2 g9t Aol A NetBio 719 o] 52 2 dF 2ol d#EA 195 AA AN, (D8 T AlE 3L
2o uAE WS AUE G538k F3u. o] Ak (1) tE o F¥ s £33 1y 3y wAYSo
EA5EL (2) NetBio 7IWF o|S5o] WY 8 =3

AN
N
)
(o
a
R
re
)
(o
fr
;_]
>
H
Ll
kel

NS o
ot
N

4
o

ol Zluk ML BEe o Aol AT Wel Fo AF ALY F Sk T dold AEA $5E A%
5 Aolt}. webn B wweln £

>

. foks
WEYA AREH AP ANS Fohsks Qo] w5% dolE s B4 A8 42 WA vastel 54 A
B P2 5 QA s H2ERG. AAZ Netbio /W ML RHo] £5g HolE sk ML o153} )
wate] A&H oz MAR dF A5 Asel drs AL wARG. FAHoR, dolg s ML v 7
S F9 wolE AEeA SHAsh mewAE b 2 PEskE KA 715K NetBiodl $)€ dEg A
A 71%%S AHgste] ML RS FEAT.(E 109 a Fx) 11719 e ZAdelAM NetBio 71 dl5& ML 7]ut
E2 Mel(feature selection)® 7|%

2 AT ush wastel $AG0E WA U 2 £AHAL. (= 109 b
o)

2% two-sided paired Student t-test P-value = 3.3 x 10) W3 SME FFE Awto] AA =8 2
v A Fde B, (E 109 ¢ FE) o= HES]A 7Nk AdEe] ML 2He] s Fole H =gl
g 9SS UERATE. o] A= UEY I 7k 7% AEo] £578 dlolE] 7wk 7% MEe] 7|5 H]
3 AEE Ve s Aed ¢ s AT S, 24 vEYA 7N mle] ety AdEs d8ste]
HAHA mlol QA S AT = ok

NetBiow= Al 7HA th& of F8S xdste ANy IZIEA 7P 5

Zo] Wel g whgd BE AR 4Exl WY A AT ALE 7 A=A AFE AP, o F 9
a NetBio 71¥F o] Zo] The Cancer Genome Atlas(TCGA) ElolE] ME(X% 119] a A

A E =X t}. E3], Gide =+ Liu HolH AHAE(SME ZTE)E AREsle] TCGA HolE A E(TCGA
SKCM) & S AE A5 ICI g8, Kim HolE HEMRIY ZZE)
18]35 IMvigor210 dlo]E] AME(CLF) A whadedk #4e] ICI W&
E dFYa, o958 oFE WSS (i) T =& (ii) TCGA &xke] WY 47 ARAATH(E 119 a F=) 9
9 #7e 4 Thorsson et al.°o] AR WHYd HFE AHEvt. (Thorsson, V. et al. The Immune
Landscape of Cancer. Immunity 48, 812-830.el4 (2018).) NetBio 7|4} oS o] TMB T+ WY wigto] gl A
A g BA Aok =120 =AH

o
=
o,
ofr
o
s
3
lo
st
fru
Z.
@
=
=
N
=
2

NetBio 714t of|S52 WY w4 A4S HFHoz AP = A}, Gides Liu ZZES] F# #A ¥+ &
o SAF dxpolnE FEH EAS JME A2 G 4 Ut AAUE 5 ZIEMA wWdEF HF
(leukocyte fraction) % CD8 T AMZ H]&3 9] #2 o] A&AdA L M2 A E v&Ho L& 29 FId

H
=
{0
o
il
BNy

A Egate] FARE W mARd 54 vebdn. (=

Hod AEZ &Y 52 A% BAES YHERE NetBio A2E F712 ZAY. Gide dolH AE(R 13 FR)E
AR MY shpolA T Sas AR 5 (Y ARTAVE e 39 1071y B ERE EYs ]
MHCS) & A|A] A3 71%(antigen presentation folding assembly) @ HE]= 24 (peptide loading)'®] CD8
T Ax v&3 713 o 4 #AE eSS APt (= 112 13 #=x; PCC = 0.41). o]=

F =2 o] A c
ad AN AE T FF AEA o3 I AAZF D8 T MES H&E 3 Qe Aol ddoe=

_
Belt}. Liu dHolE AEE AHgd v 7P S23 ZA2(29 AaAAA7 e A9 10719 &%) 5 'FGFR 2

T oHdeol (D8 T AlE v&7 7 =& A% #AE YeEdS Eglon (= 14 ZFx) oA 4= 3d &
F& AE BE S0 ARAATE AT (2 119 ¢ FE: PCC = -0.29) AL Aol w2 MfolHaE A
A&} 2(FGF2) 9] zte] T Axe 5 T7/MA T4 HaAS 7FesthA stths dapy Ba ol waba (1)
TUA 22 (8 T AX 23 wAYFZo SAFo &A1 4 il (ii) NetBiow thE SAF o Huto] ML
2dS FdstE d AMEE A9olE T4 AZolA D8 T Al RS ZEsiA 2248 = A& Aol



[0111]

[0112]

[0113]
[0115]
[0116]

[0117]

[0118]

[0119]

SS=S0ol 10-2470937

L oX B2 T AX 9&3 & A% A7 AT (= 119 b FF) Kim et al. 9] IIENAM 714 Fa3h
AR ZF el ARG G2-G2-M @Al 9] = WY o] =2 X BE T AX &Y #HEe] Jddt.(&=
13 % & 15 =) olgje A9 A= =90 T AXZe] B3/t AE F7] A2 93] 2ddv= ol d+4
zhe} L]kt

wgeke]l 749 NetBio 7]¥+ o Zo] WE G H]F (leukocyte fractions)® o] A#AAAZF IS5 3. (=
119] b #Z). NetBio A= X3t WY AH 7)o 4& #Ho] Y= 384 (chemotaxis; AETFQ =84 <
ARTI] A

(e}

=8 3 5) 2 A& (phagocytosis; FegRel 43 5)& YEWHY. (X2 169 a 2 b #F=x; PCC >
6) olggt Axt= T g tiE] NetBio ARE A&, WY WA FA7AE TE F A5S HY
o

F7HAR1 WA 7Nk dis ARgele] stk WO Ae A8 AE(
ol 9 FcgR #Adsto] ZA3H) 7} PD-L1Z A& 2 H X .

&l IMvigor210 dloly AMES WY TIPS ALY, FAAC=E (1) 1071 wwke CD8 T A (immune
desert), (2) ¥ AlEo] AH-H (D8 T AE Z (3) TF AxEt =58 (D8 T Alxe] WY BHH S AL&3
I,(% 179 a #Fx) WY 238, ST E A A8 Az o

Fx) (3)9 39 F¥el (1) =+ (2)4 2P HudS

9o ZZ: ANOVA P-value < 10 ), ©]%= NetBio A=Z7b wrole]l ojs) wWaT 2% A (leukocyte

infiltration fractions)e ¥ze 4 &S 9n|dic).

geetAd NetBio 42E Weley wedt gade W vl 876 Hg 422 A=A el & Ao
AAe] 7. 7]& Htol A} NetBiod] A%

7)E0] A&t npo] owhA

S Tl oY
=

ol TMB(Tumor mutation burden)+ ICI &9 o]y} AHX

& g & k. wEbA NetBio9t TMB 714t d5S 2 =1

sk A3 (X 189 a =) 1 A NetBiod TMBY e &5 ZA7stH PD-L1 Oﬁﬂxﬂo o}
HEEFHos Xaike gt xpo] A AEE dF Aol FAHJT. (&= 189 b

AbEEte ICL A3 HkeS A58 Ay, TBR AFEste] ML 22& FH3 4%, o4 A} :L"ﬂjr Sy H]HP
S 2% 7He] 13 AEE Zol= 18%A . (= 189 b #F; log-rank test P-value = 2.0 x 10', o)+ b
2 2 oA vlekeal &0 digk 1d AEES 42 60.8% E 42.8%9%). 13 AEE Z}o]i= TMB2} NetBio=
T ARES BS 25.7%2 TUFYeM (% 189 ¢ Fx; dd WA 2 o)A Hdkg At aF9 1d AEES 4

i oo

L

66.7% 2 40.9%%)) 21 %9 A4 FAE F4E A7Z BT (Pvalue = 2.84 x 10 ).

\_/

o2, NetBio9} TMBZ}F A3t «lZF7]7F, TMBE w502 ARE3le] ERF3F o4 w-SAH(NR2R; &= 19 #H=
2L HIHP 2 2E(R2NR; = 19 Fx)omNH ZA7; o nikgAtel o4t whgAtE SutEA AEFske s

o1gch, RANR $Ate] Auba 1d o AEEL 50%%2 Solth. (log-rank test P-value = 0.052) NR2R 2=}
9] AW 1d ol AEEL 63%2 F7HAL o] TMB 7|uk oSl o8 o4 mwr-gA 15 AA AEET

%, log-rank test P-value = 7.43 x 1073) =

Hugs of SAHSR FoJgt Fsol st (= 199 ¢ 3

NetBio®} MBE AAS wf §h-g=re} vwkg=te] Gget w771 7Hs k.

5oz 9 Aol 7|Rkste], NetBio9t TMBE ZAdAS W o= decl FdH= 20 AT, WA TMB
Fol AEFE I aFNA FAEHA FAEJeH (= 20 FE), ol TMB Fxo] dF Aol & JIFS
FE 99lo] oldS utl. =S NB $7S Bl IFAA W oW e WA BHEE AAE EAS
gelatr] 98 2 B 55 2l 153 RAR LFNA dS5% R} AtoloA] AP o w2 Uty HE=
Raf EA3}t). (&= 18d #%, two-sided Student t-test P-value = 2.34 x 1073) TAHow Ag o= wd
ZREH veAlR o FE FAHR2NR FADE raf FAE A2 ¥ ¥ HdS e, A HEYA
ol A HRAS, KRAS R JAK2E 233 raf &Ad3} AR FA8A7F PD-L19] A3 Ado] de Idgom (=
18e #x), o] 3T AEEC] FE ABA 7IAA FFS A 5 deS ov|gty.

ICI X5 vlo]evutARA raf A3 AR FAA 84S F7I= ZAREH] 98] 95 TCGA H3< dlolE
AE(n = 405)14 PD-L1 =&, TMB 2 raf A3 & FF7 A2 HEE e dAA4S 2430, FA4o
2, (1) PD-L1o] Yto} PD-L1& A= 4% (2) TMB F=o] %L %o raf FA37F A BEE JFS
R E=A gl 1 A3 raf 43 A2E @S PD-L1 2 2 =S TMB FES UEE g $kx1e
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s==s5

(%= 189 f = P-value

o]z:;\])l\

3}
s}

ofp

el
,_Lmo
go

!

AA BEEC EA

[<3]
=2

WA= WER= PD-L1
(1) WMEY A 719k AAA vlo] np

i

70
o

L
.

371 Az

AA A5 FAper dAFG. (= 189 d R f F=E).

ICI ¥+ Hlo] S u}A 7} U ES)

]
R

i (2) A=

[0120]

100:

il
Ajm
Tor

B
H

1
B
H
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o
iy ®
0
X0 I o+
il w61 <D
= B iior
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k1
N2
(VA

[V

~— NetBio-based ML predictions

Project drug target onto a network

@ mmunotherapy drug target

Identify drug target-proximal genes

* ", High influence score genes

~— Synthetic Lethality-based predictions (SELECT score; Lee et al)

o j

Gene A

B8

Gene A Gene B
Gene A Gene B

Gene B

—> Viable
— Viable
— Lethal

b Kim et al (gastric cancer)
Rho =0.28
P=0.16
1.0
L] . "
08 - i
12
S 064 -
S e ° ¢
8 04 °
s °
2 02 ~ L
% ° i ‘ °
Z 004 L[]
0.2 4
T T T
02 04 06 038 10
SELECT score

omn
]
Jm
9!

- Combined score based predictions

w x (NetBio predictions) + (1-w) x

Combined score =

, where w is a weight ranging from 0 to 1 in 0.1 interval

(SELECT score)

Kim et al
0.900 ~
0.875
0.850
(&}
=]
<
0.825
0.800
0.775 T T T
0.25 05 0.75
Weight
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a

Network propagation and identification of drug target-proximal genes

SS50ol 10-2470937

Project drug target onto a network

@ Immunotherapy drug target
(e.g. PD1 for Nivolumab)

Network propagation

Identify drug target-proximal genes

.+ High influence score genes

b
Identify Network-based Biomarkers (NetBio)

N

Biological pathways
(Reactome)

’ Meathuay

Pathway enrichment test (hypergeometric test)

Z N3 X

Xy (Nx
P(X=2) = L)) )é nz)
(i
: High influence score genes
: Biological pathway genes
: Overlapping genes
: Gene universe

Cc
Input transcriptomic features

d

Test predictive performances

Biomarkers
1. Network-based Biomarkers (NetBio)

2. Gene-based Biomarkers (Gene-Bio)
(immunotherapy targets; PD1, PD-L1, CTLA4)

3. Tumor MicroEnvironment (TME)-based biomarkers
(TME-Bio; CD8T cell, T cell exhaustion,
cancer-associated fibroblast,
tumor-associated macrophages)

Data-driven features

Selecting features using machine learning-based
feature selection, without prior biological knowledge

Objective

Training and test datasets

Predict responders and
non-responders

L )
0
[
Responders  Non-Responders

Predict overall survival

— Predicted responder
— Predicted nonresponder

Percent Survival

Survival (Days)

— . Within study predictions

1. Leave-One-Out Cross-Validation (LOOCV)

—

2. Predict overall survival

3. Monte Carlo Cross-Validation (80% training)

@ — . Across study predictions

1. Use all samples from training dataset

2. Use limited number of samples from training set
(80% training)
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a b Auslander et al AUC
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a Within study predictions in melanoma
PD1 5 5 3 4 8 8 7 74
PD-L1 2 2 1 d T T 7 7
CTLA4
CD8T
T exhaust
CAF
TAM
Gide, Gide, Gide, Gide, Liu, Liu, Liu, Liu,
Loocy, Loocyv, 80% training, 80% training, LOOcCV, Loocy, 80% training, 80% training,
accuracy F1 accuracy E1 accuracy F1 accuracy 1
b Within study predictions in gastric cancer and bladder cancer
NetBio
PD1 6 8 6 8 4 4 3 4
PD-L1 8 6 8 6 2 8 5 8
CTLA4
CD8T
T exhaust
CAF
TAM
Kim, Kim, Kim, Kim, IMvigor210, IMvigor210, IMvigor210, IMvigor210,
Loocy, LOOCV, 80% training, 80% training, Loocy, Loocy, 80% training, 80% training,
accuracy F1 accuracy F1 accuracy F1 accuracy F1
c Across study predictions in melanoma d Overall rank
NetBio I l . NetBio -I
PD1 4 4 3 3 4 4 PD1 5.09
PD-L1 1 1 4 5 4 7 PD-L1 5.00
CTLA4 CTLA4 464
CD8T CD8T
T exhaust T exhaust
CAF CAF
TAM
Gide: der, Gide; Gide2Prat, Gide2Prat, Gide2Riaz, Gide2Riaz, Average rank
100% training, ~ 80% training, ~ 100% training, ~ 80% training, ~ 100% training,  80% training,
AUC AUC AUC AUC AUC AUC
I NetBio GeneBio W TME-Bio
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b paired t-test
P=33X10°
NetBio ML-based feature selection (without PPI network) 2
85 %7
E5
. Select features from training set g <
Drug target-proximal pathways with high predictive performances, 56 %01
using PPI network matching the number of ST
network-based biomarkers % 2 06 1
)
B3
E § 0.5
=S
0449
T
b~}
o
o
z

Measure prediction performances

(1) Leave-One-Out Cross-Validation (LOOCYV) in Gide, Liu, Kim and IMvigor210 dataset (accuracy, F1)

(2) Across study predictions using Gide as training set and Auslander, Prat or Riaz as test set (AUC)

ML-based feature selection

W NetBio
B ML-based feature selection

Predictive performances
(accuracy, F1 or AUC)
[=] o o o
N » o -3
1 1 1 ! 4
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(1) LOOCYV (within study predictions)
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a b
Predict response in Correlation between predicted ICl response
Training datasets TCGA dataset and immunogenomic features in TCGA
Gide et al (Melanoma) Train ML € |cide 2 TCGASKCM
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Liu et al (Melanoma) > > or ©/| Liu2 TCGASKCM
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. d .
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Pathway correlation with immunogenomic features in TCGA

Gide

0.2 4 Liu

0.0 Kim
IMvigor210

average PCC

-0.2

Gide (Melanoma) SHC_RELATED_EVENTS_TRIGGERED_BY_IGF1R
SHC_MEDIATED_CASCADE_FGFR1
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TIE2_SIGNALING
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VEGFR2_MEDIATED_CELL_PROLIFERATION

SIGNALING_BY_WNT
HSP90_CHAPERONE_CYCLE_FOR_STEROID_HORMONE_RECEPTORS_SHR_
SOS_MEDIATED_SIGNALLING

P38MAPK_EVENTS

MAPK3_ERK1_ACTIVATION

EGFR_TRANSACTIVATION_BY_GASTRIN
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0.0

ﬂ
l
|

Kim (Metastatic Gastric) REGULATION_OF_PLK1_ACTIVITY_AT_G2_M_TRANSITION
REGULATION_OF_TP53_EXPRESSION_AND_DEGRADATION
PREVENTION_OF_PHAGOSOMAL_LYSOSOMAL_FUSION
RAF_INDEPENDENT_MAPK1_3_ACTIVATION
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08
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DEVELOPMENTAL_BIOLOGY
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CHEMOKINE_RECEPTORS_BIND_CHEMOKINES

SIGNALING_BY_NTRKS
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RESPONSE_OF_MTB_TO_PHAGOCYTOSIS

SIGNALING_BY_PDGFRA_TI = JUXT/ . AND_KINASE_DOMAIN_MUTANTS

04

0.0

E s

Monocytes

T.cells.CD8
Macrophages.M0

T.cells.CD4.naive

T.cells.CD4.memory.resting

T.cells.CD4.memory.activated
Neutrophils

B.cells.naive
B.cells.memory
Plasma.cells

NK cells.resting

NK cells.activated
Macrophages.M2
Dendritic.cells.resting
Mast.cells.resting
Mast.cells.activated

Macrophages.M1
Dendritic.cells.activated

Leukocyte fraction <
T.cells follicular.helper
T.cells.regulatory.. Tregs.
T.cells.gamma.delta
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Pathway correlation with immunogenomic features in TCGA

0.2

0.0

average PCC

-0.2

Gide (Melanoma) MET_ACTIVATES_PI3K_AKT_SIGNALING
KILLING_MECHANISMS

EGFR_DOWNREGULATION
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Liu (Melanoma) EPHA_MEDIATED_GROWTH_CONE_COLLAPSE
SIGNAL_ATTENUATION
INTRINSIC_PATHWAY_FOR_APOPTOSIS
ESTROGEN_DEPENDENT_NUCLEAR_EVENTS_DOWNSTREAM_OF_ESR_MEMBRANE_SIGNALING
CARGO_RECOGNITION_FOR_CLATHRIN_MEDIATED_ENDOCYTOSIS
MYOCLONIC_EPILEPSY_OF_LAFORA

REGULATION_OF_KIT_SIGNALING

SIGNALING_BY_ERBB4

INTEGRIN_SIGNALING

SIGNALING_BY_FGFR

Kim (Metastatic Gastric) HEMOSTASIS
COPI_DEPENDENT_GOLGI_TO_ER_RETROGRADE_TRAFFIC
GROWTH_HORMONE_RECEPTOR_SIGNALING

SIGNALING_BY_PDGF

REGULATION_OF_IFNA_SIGNALING

ERYTHROPOIETIN_ACTIVATES_RAS

SIGNALING_BY_LEPTIN
FACTORS_INVOLVED_IN_MEGAKARYOCYTE_DEVELOPMENT_AND_PLATELET_PRODUCTION
INTERFERON_ALPHA_BETA_SIGNALING

ADAPTIVE_IMMUNE_SYSTEM

DOWNSTREAM_SIGNAL_TRANSDUCTION
IRAK1_RECRUITS_IKK_COMPLEX
DEACTIVATION_OF_THE_BETA_CATENIN_TRANSACTIVATING_COMPLEX
MODULATION_BY_MTB_OF_HOST_IMMUNE_SYSTEM
HCMV_EARLY_EVENTS

JOSEPHIN_DOMAIN_DUBS
SIGNALING_BY_INSULIN_RECEPTOR
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IMvigor210 (Bladder)
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ERK_MAPK_TARGETS

EHI5

Pathway found from Kim (Gastric cancer)
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Pembrolizumab

O Mitotic G2-G2-M phases
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a

Pathway found from IMvigor210
(Bladder cancer)

b

Pathway found from IMvigor210
(Bladder cancer)
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Predictions using
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b IMvigor210
R2R versus R2NR
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