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Lung cancer in never smokers (LCINS): .

» Accounts for 15-25% of all lung cancer cases worldwide

> Is the 7™ cause of cancer mortality in the US

» Has predominant adenocarcinoma subtype

» Only a few risk factors are known, accounting for a small
proportion of the cases



The Sherlock-Lung study

To use tumor genomic changes as
“footprints” to infer etiological
processes and evolutionary

trajectories of LCINS tumorigenesis

OO0000Q

Sherlock-Lung

To mine large electronic health records (EHR) to uncover
associations of LCINS with other medical condifions or
long-term medicafion use



Radon
Codl
Asbestos
Pollution

2000 tumor samples/ A 1000 fumor samples/
2000 blood samples

1000 normal lung tissues

Whole genome sequencing RNA seg + methylation arrays
Mutational Signatures Gene expression
Mutational burden Aim ] Inferred mutations
Driver genes Fusions
Telomere length Characterize the Structural changes
Neoepitopes genomic and Methylation patterns
Viral remnants CIMP

evolutionary

Methylation signatures

Copy numbers
Structural variants landscape of LCINS Immune cell subtypes

Germline variants 16S RNA — microbiome



Aim 2: Develop an integrated molecular, histological and
radiological classification of lung cancer in never smokers

Molecular landscape




232 cases
WGS 97% EUR
T=85x, B=35x _ 189 LUAD
36 carcinoids
7 others

Zhang et al., Nature Genetics 2021 (in press)
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Landscape
of copy
number
alterations

Mezzo-forte

% CNV gain/loss, copy neutral LOH
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Mutational signatures



Number of mutations

Signature contribution

50,000

40,000

30,000

20,000

10,000

0
1.07

il ‘Mﬁ“ﬁ"’||||||,m’lliﬂﬁl1}

‘ .

T o e o e i P R e

l'll [ T _I- I MR - -l--.-__l " l.lull.||.---=s.=== "- ------ A ii=l===liii=El===========E=I=l====i=_==-_-_ii=i=

AN GENNNENEANANREENENONNNNEARCANRRNNNENERANREEED

SBS1 SBS2 SBS3 SBS5 SBS7a SBSTb SBS7c SBS7d SBSE SBS13 SBS17aSBS17b SBS18 SBS40 Laval - Quebec EAGL
Cosine similarity N Purity I
0.6 0.7 08 0.9 1.0 0.2

SRS1

.

80 %
SBS2
SBS3
SBS5
60 %
SBS7a

SBS7b

SBS7c

SBS7d

SBS8
SBS13
SBS17a
20%
SBS17b
SBS18

SBS40




-

Mumber of mutations

e

Signature contribution

a 1o-

"' Endogenous vs. exogeneous processes
-

1

[ T L o o~ i [

30,000

40,000

20,000

10,000

@DIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIII.:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIllmmm
1.0

0.8

0.6

0.4

0%

0.0+

= e
seissivedddddareneiieidiviidddndadedeiiniddvdvidudadniaieiviidddviddnadninni i divdddivandnainina e vanid divdas

@ Histology ~ m— — 2 Turnor punty I 5B5 = COSMIC 5B5 endogenous signatures;
Adenocarcinomas Carcinoids  Others 0o 04 06 08 M33=h_Radiation@55R (125 J;
@) (E Signature & Cozne similanty  HE M52= e__Nitm-PAH@1 ,B-DINF (8 uM);

endogenous  M3I3 M52 0.6 LU 0B 0.9 i0



15

history

jionary

=
O
>
O
[%
O
-
2

iming

T

@ Carcinoids O Others

Adenocarcinomas

Histology

-\Q\H-\-riu‘- L]
= °
- g e10, "
s e o= 20 °
® e Bl O e
-‘-‘r-)b\-‘-\r-‘O-m-‘!‘-o[o u‘O‘o-

Tt = e ° ¢
° SHeSES, ™"
DR QCOOT e e »
D OO
D) PeI==0rg===e=="
< = OES e —————G:®
=% --«-H»@MH-- O vm/vm 0= 9—0—¢o% °
— =gV S ls== =
e—=o0==g=0dig g U==05 "0 =0 L . b0
o=Nimeiomtes Ssge==g=0 0 (Ol
% ° D °
o— et WS e g e —— -
i tem gt s
& __00.27%0:12:0/5200=0s=07=% o°
R
0210105707, 95 0285 =002 e, o0
) =0 e=Qu="10-0 O *
Q‘"‘Q\J.ﬂ‘\ﬂ'&!"d"o.\o (]
0=5;0=e7, 031056  La==0s=¢ ° o—e
P e e e ) 0
() (= MQMM QWaﬂQ-L\Qﬂ U ° 5 °
'0!"0\ "ﬁﬂ o Qﬂ\ﬂ'”r"-lo o *
o—=e=etBlelenriHize® ° e
o 00 =0 0=g® *
Q%o — O
S ) ®. (J
-‘-‘- OO -\--Hmv-\\v O ° -
e—3—0s e«-ouuﬂdw- 0% ro~—;—o—° ° %
-‘QﬂﬂHQQUQ ° (]
ot =" *#
somTu it tme=eter,
. '»'\\'U‘"'
o‘-\ \!no S g=o==® ° °
L) Qbiu\Q (]
@ Qhﬂuhﬂ o—=0 °
O
Q‘QI\HQ'\\AQH‘"' ]
& & S &
(== =) < o~

(1) abe YU parewrs3




16

>
O
R
@
>
®
(G
©
=
O
>
O
[%
O
-
2

[gle

TiIm

f the appearance of the most recent common ancestor (MRCA)

median age o

Molecular age

@ Carcinoids O Others

Adenocarcinomas

Histology

\\-:‘-;\-)ioimwu
=10, 2 (0= =05 (81000 5T er 0= C0p

—g—ttet D

0 0ut?®, 09,0 _0_0 2.9 _
Han -0\ 0)@ut ) (] - —0 L)

ope e @ O 0 0

° 0=
—9 n\u\-u\ﬂo‘

[ -\-ouo €0),0,4¢

0.0,0%0=¢-9=0— o, o
o—o®=0,t --5-‘.;-‘"-\!"‘ OG5 ® H

-0=5 °
9 ¢ 0210:95x07505 0585 =500 . o0

C) =g 0q._0 (]
s O=e=tsje=0===0 5
[ N N——— P P L) ew
S==en. S =g 0=ge=¢

39:0- a0,
=5, O ==eT 0Ty e =" =5

oa‘-‘-ro P 2==0) (]
9 0. S Y )
® = SO i X ® ® .

L Tt ) )y yu —— )
® ® oﬁ-wu Q-\Q\Q‘r ] o
92, 9.0,}=
e—e=s":Blegenrofi=e® ° oo
o Op==0t= o, °
o=——o— 0

O

) =on =0 [
O == =GO (e " leg 0¥ ® °
a0, 0.0 B:—(g0 9 9300.0g__ o__
8¢9, 05 0G0 O o LB ® ° e
O ==p==0 o °
() ) () ()
— 0.200g,=0; = — ) o
o—¢ QR (XN o s
o__o_
eO==rg SomOE=e 0T,
gm0
Qwi‘ o L eom=o==0. ° [ ]
()
) ()
0 URUe o==0 (]
= FloEmmm——u010, °
o 0giE e °
& & S &
o o° < I3

(1K) abe youW parewnsy



Timing tumors’ evolutionary history 17

Molecular age: median age of the appearance of the most recent common ancestor (MRCA)
Age at
diagnosis

Histology e Adenocarcinomas @ Carcinoids © Others
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Estimated MRCA age (yr)
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Timing fumors’ evolutionary history by 18
subtype
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Piano fumor features vs. other subtypes ie

\

t KRAS

UBAT, RET, NKX2-1, ARIDTA
only in piano

mutually exclusive

Lower TMB  High ITH Longer Low/absent
telomeres SBS18 Slow growth rate




Development score: SOX2, SOX?, HMGA2Z 0

Sherlock-Lung TCGA-LUAD

Piano vs. (Mezzo-)forte: p=0.346 Piano vs. (Mezzo-)forte: p=0.346
Piano vs. normal: p=0.00771 Piano vs. normal: p=0.0115
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Lineage infidelity: TP63 expression
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Sherlock-Lung

Piano vs. (Mezzo-)forte: p=0.415
Piano vs. normal: p=0.0225

Normal (Mezzo-)forte Piano
(n=22) (n=12) (n=13)

Pathway
Normal
*  KRAS
®  Other
» RTK
®  RTK+TP53
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Pilot studies to verify cell-of-
origin and evolutionary
trajectories:

 SNRNA-seQ
+ Single molecule DNA-seg



Piano tumor stem cell-like features

\

t KRAS
UBAT1, RET, NKX2,
ARID1A

Lower TMB High ITH  Longer Low/absent
telomeres  SBS18 Slow growth rate

Tissue
regeneration

Inflammation == Tissue domage ==



Number of cases with T/N WGS, RNA seg and
methylation by sex, ethnicity and tobacco smoking

* 32 Hispanic subjects without matched WGS
were included in EUR category
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Aim 2: fTumor classification

Molecular landscape

|

CLINICAL IMPLICATIONS

Use of CT-scans or biopsy slides to predict genomic
features/TME of the corresponding lesions and provide | g[=leRigglefel=)s

2,430 scanne . s . . . . .
g 1 crucial information for clinical decision-makin
875 subj g nalyzed

Analyses by SCNA-subtypes, driver genes, smoking status, ethnicity, sex...

TME by H&E, immunofluorescence, RNA-seq, methylation, deep learning
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