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SMOKING AND MOLECULAR
PROFILES OF LUNG CANCER

ALAIN C. BORCZUK, MD
WEILL CORNELL MEDICAL CENTER

HISTOLOGY AND SMOKING
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In both of the ACS studies, adenocarcmoma was the most
commonly documented hmz cancer histology amonz women
both among curent smokers and among never smokers, as well
as ameng men who had never smoked (Table 3). In CPS-I0, the

Conclusions: The increase in lung adenccarcinoma since the
1920z 1z more i with changes in :molking behavi
and cigarette desizn than with diagnostic advances. [T Natl
Cancer Inst 1997,39:1530-6]
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Table 1. Distribution of Histologic Types of LOINS

Histalogic Type (% of patiants)
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There is a time and a place

for decaf coffee.
“
. X Mever and in the trash. 4
What is the point? >
+ Neversmolers - profes of adenocarcinoma MOLECULAR CONSEQUENCES OF
« Clear majority, some exceptions
* Current and former smokers TISSUE INJURY FROM SMOKING
« Still AdCa with highest frequency
* Most of the Squamous and small cell
Box 1| How tobacco causes cancer The Scheme:
Cigarette smoke contains several thousand chemicals including over 60 identified as From NicotineAddiction to Lung Cancer
carcinogens by the International Agency for Research in Cancer (IARC). The most
potent carcinogens are the polycyclic aromatic hydrocarbons (PAHs), such as
benzolalpyrene (BAP) and the tobacco-specific nitrosamine known as nicotine-
derived ni i (NNK). Phase | P450 enzymes; " N Metabolic Activation
CYPS) catalyse addition of an oxygen atom to ths carcinogen. Incroasing fts water Cigarette smoking . "c\tochrome paso
solubility and rendering it more excretable. This solubility is further assisted by the
action of phase Il (such jone S-transf GSTs). However, some
of thei formed by the P. electrophilic and are reactive. [Ep— 5o
Such intermediate metabolites might bind covalently to DNA at certain specific sites, - - - - -
forming bulky adducts. Adduct formation can lead to apoptosis, or they can be Metabolic
removed by the nucleotide excision repair system™". If they persist, they can lead to Detoxification
mutations in the KRAS or TP53 genes, which are key events in lung cancer eg. Glutathione S-
is. These i ight also result in g instability, initiating the Transferase (alpha, mu, pi,
plethora of other genetic and epigenetic changes found in most epithelial cancers. theta)
Because adduct f d persi iss0 crucial icity, the Excretion
balance between activation, detoxification and DNA repair has an important role in
determining susceptibility to cancer.
Modified from Hecht JNCI;
1999
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P53 MUTATION AND SMOKING

TP53 mutation spectra in cancers in lung cancer by smoking status
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Promoter hypermethylation

Belinsky
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Aberrant methylation of p16 INK4a
is an early event in lung cancer
and a potential biomarker for early diagnosis
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In conclusion, our results demonstrate that p16
inactivation occurs at similar frequencies regardless of the
mutation status of EGFR, KRAS, and STK11 in lung
adenocarcinoma. However, the patterns of inactivation
mechanism differ significantly depending upon the genetic
mutation present. We also confirm that p16 methylation is
linked to KRAS mutation and is mutually exclusive with
EGFR mutation. Our results indicate that these genes are
involved in different pathways and play different roles in
development of lung adenocarcinoma. Furthermore, our
meta-analyses confirm the modest correlation between
p16 methylation and smoking, and the trend of higher
frequencies of p16 HD among never smokers. These
findings support the concept that tumors arising in never
smokers are driven by distinct molecular mechanisms in
lung tumorigenesis

Tam and Gazdar, J Thorac Oncol. 2013 Nov; 8(11): 1378-1388.

What do we have so far.....
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Allelic imbalance and CNA

Fractional abelic loss (FAL)

Patterns of allelicloss differ in lung
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Explanation — more LOH in the field of smokers,
but more denovo CNA in non-smokers

Gene expression
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Unique to Tns versus Nns Gene Expression in Lung Adenocarcinomas of Smokers and
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TGFBR2 higher in non-smoker than
smoker’s tumors

Loss of TGFBR2 occurs in both
smoker’s and non-smoker’s tumors
relative to normal tissue.
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What do we have so far from general

molecular mechanisms.....

BaP and oncogenic
SMOKING transversions

NON-SMOKING

P16 Deletion?

NNK, promoter

hypermethylation, TSG
silencing

DENOVO CNA

Spindle/Cell cycle activation
TGFBR2 LOSS

More to come..

Table 3. Molscular Characteristics of LCINS and Tobsceo-Refated
Lung Cancer Patients

Tebacco-Associated
Molgcular Markers LCINS Lung Cancer
Chromosomal aberrations
16p DNA gain Comman, 59%  Very rare, < 5%
Gene mutations.
PEFGE-T 10 GoA Low, ratio - 023 High, matio - 1.5

transversions”
P53 ensiton mutations™ ey common, B3%
K

Rare, 20%
0%-7% Common, 30%-43% What is the definitions of rare and very rare?

135 Very rare
EGFR-TK Common Rare
Epigenetic changes
P16 3nd APC methylation Low High
wate
Hypermethylation of Common Rare
hMLHTE
Hypermethylation of Common Fare Lung Cancer in Never Smokers: A Review
hMSHZE PP ——;

Abbraviations: LTINS, lung cancer in never smokers; EGFR-TK, epidermal
growth factor receptor tyrosing konase.

*Data from women with LCINS

+Loss of proten expression in mismatch repair genes.

EGFR AND KRAS AND SMOKING
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WHAT is a “SMOKER”

EGFR
Never smoker — 42.5
1- 10 pack years — about 25%

About 8-10% - 11-75 pack years
Still 3% among heaviest smokers

KRAS
35-45% over 16 pack years

15-20% among 1-15 pack years

Remains 6% in never smokers

LUNG CA KRAS mutations

CODON 12,13 COSMIC

Amino acid % of mutants DNA sequence
G12A Gly-Ala 7% G-C Transversion
G12C Gly-Cys 1% G-T Transversion
G12D Glyv-Asp 15% G-A Transition
GI12R Gly-Arg 3% G-C Transversion
G12S  Gly-ser 5% G-A Transition
G12V Gly-val 20% G-T (Transversion)
GI13A Gly-Ala <«<1% G-C Transversion
G13C Gly-Cys 3% G-T (Transversion)
G13D Gly-Asp 2% G-A (Transition)
G13V Gly-val <«<1% G-T (Transversion )

411

49 144

i 10 FF

G Giav

GT

Transversion G.T
Transversion

G120

G-A
Transition ¢ ¢

GI2A Other

Transversion

Molecular EGFR and KRAS

in3,

women to smoking-related KRAS-mutant cancers.
Dogan §?,

ALK AND SMOKING

Table 1. Clinicopathologic characteristics of
ALK-rearranged and ALK germ-line NSCLC

Characteristics ALK aux
rearrangement  germ-iine

o cases 20000 338 (54)
Sex. n (%
e 11(55) 016
emale (13)
Age(y), megan 512578 00002

0.0001

@ wiokters Kluwer

OVERALL RATE 3.2%
Smoker 2.1%
NON-SMOKER - 10%

Assessment of ALK Status by FISH on 1000 Spanish
Non-Small Cell Lung Cancer Patients.

Vidal, Joana; Clave, Sergi; de Muga, Silvia; Gonzalez,
Iria; Pijuan, Lara; MD, PhD; Gimeno, Javier; Remon,
Jordi; Reguart, Noemi; MD, PhD; Vinolas, Nuria;
Girones, Regina; MD, PhD; Bernet, Laia; Majem,
Margarita; Bosch-Barrera, Joaquim; MD, PhD; Porta,
Rut; MD, Ph; Alonso, Nieves; Palmero, Ramon;
Taus, Alvaro; Albanell, Joan; MD, PhD; Espinet,
Blanca; Salido, Marta; Arriola, Edurne; MD, PhD

Journal of Thoracic Oncology. 9(12):1816-1820,
December 2014,
DOI: 10.1097/4T0.0000000000000361
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ROS1 TRANSLOCATION AND SMOKING

ROS1 TRANSLOCATION AND SMOKING

Table 1. Demographics and Clinial Charactaristics of Patisnts With AOST-Positive NSOLC
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ROS1 Rearrangements Define a Unique Molecular Class of
Lung Cancers
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BRAF AND SMOKING

Table 2. Association between BRAF mutation and gender,
smoking, histology and stage in NSCLC.
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Former current 4.69% VS Never 3.04 %, but

BRAFYS%F mutation was also signifi more frequent in kers compared to
current or former smokers (OR = 0.14 95%Cl = 0.05-0.42)

Chen', rang L0, Husng F, L X, Chusi 2, et

PLOS o

ERRB2 mutation AND SMOKING

EGFRIN) ATKTR]

o\ p— ontee rer — Multinstitutionl Oncogenic Driver Mutation Analysis in
Ve — Lung Adenocarcinoma: The Lung Cancer Mutation
Consortium Experlence.
Shol, ynette; Ainer, Dara; MD, Pho; Varelia-Garcis,
Mariia; Berry, Lynne; Dias-Santagats, Dora; Wistub,
Igracio; Chen, Heid Fuimoto, Junya; 1D, PhD; Kugle,
Kelly; Frankin, Wilbur; lfrate, A;John MO, PhD; Ladar,
Marc; Krs, Mark; lohnson, Bruce; Bunn, Paul Minna, John,
Kuiathousk, David; M, PhD

Journalof Thoracic Oncology. 10(5):768-777, iy 015

/ Never smoker > smoker
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MAP2K1 (MEK1) AND SMOKING

Pack years
Age at diagnosis
Sex
M
E
Stage at presentation

Table 2. Ciinical characteristics of patients with MAPZKT (MEKT) mutations
Smoking history

Mever % (1/36)

Farmer <10 pack years % (1/36)

Former 310 pack years 94% (34/36)

Median 48 pack years (range, 0-160)
Median 68 (range, 48-83)

50% (8/36)
50% (8/36)

MAP2K1 (MEKT) Mutations Define a Distinct
Subset of Lung Adenocarcinoma Associated
with Smoking

9% (33/36)

3% (1/36)
Unknown 6% (2/36)
REFORMED RECENT REFORMED, REMOTE CURRENT NEVER
s . — REFORMED RECENT REFORMED, REMOTE CURRENT NEVER
ensa i ' . - amn — - -
wer . - ' . ' f -
consa ot 0 L 1 umerratmas amstar o = 18 mary [ [Er—— Lbwng tam amher
[ e———— [ R [— o
EGFR — smokers reformed <15 years - L858R, L861Q, no exon19 del
KRAS - some in never smokers STK11-SMOKING
BRAF - smokers MEK1 - SMOKING
PIK3CA - smoking
ERBB2- non-smoking
MET - both
Identification of novel candidate driver genes.
MET MUTATION AND SMOKING wrs 0450
®NRAS (0.4%)
d = RET fusion (0.9%)
= MAP2K1 (0.9%)
® ALK fusion (1
®RITT (2.2%) S1 fusios
- 52 amp (0.9%) = ERBB2 (1.7
MET amp (2.2%) MET ex1
NF
i PN N
H \ BRAF
3 7.0%)
g None EGFR
Z (24.4%) (11.3%)
KRAS
(32.2%)
EA Colisson et al. Nature 000, 1.8 (2014) dof 10,1038 naure13385 natutre
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R, Liu...Stoopler... Halmos, Borczuk JCO 2015
o, Sarcomatoid CA (Pleomorphic,giant or

spindled) - 8 of 36 cases tested

Stage 4 patient with response to crizotinib

Hele Y™ N
il F o

MET exon 14

Four of 8 patients were non-smokers.

One patient had a pleomorphic carcinoma, reported
as non-smoker

Four responded to crizotinib or cabozantinib

Molecular and Cellular Pathobiology X

S ECO ND HAND S M O KE Whole-Genome Sequencing of Asian Lung Cancers: Second-
Hand Smoke Unlikely to Be Responsible for Higher Incidence

of Lung Cancer among Asian Never-Smokers

Vidhya G. Krishnan', Philip J. Ebert?, Jason C. Ting? Elaine Lim**#, Swee-Seong Wong?, Audrey S.M. Teo',
Yong G. Yue?, Hui-Hoon Chua', Xiwen Ma”, Gary S.L. Loh', Yuhao Lin®, Joanna H.J. Tan', Kun Yu?,
Shenli Zhang®, Christoph Reinhard®, Daniel S.W. Tan”, Brock A. Peters®, Stephen E. Lincoln®,

n
Dennis G. Ballinger®, Jason M. Laramie®, Geoffrey B. Nilsen®, Thomas D. Barber”, Patrick Tan' ',
Axel M. Hillmer', and Pauline C. Ng'

Cancer e 79021); 6071 81, D201 AACR.

Eur Respir J. 2015 May;45(5):1415-25. doi: 10.1183/09031936.00097314. Epub 2015 Mar 5.

No impact of passive smoke on the somatic profile of lung cancers in never-smokers.

Couraud §*, Debieuvre D, Moreau L, Dumont P*, Margery J1, Quoix EY, Duvert BY, Cellerin L?, Baize N, Taviot B
Coudurier M, Cadranel J3, Missy P, Morin F', Mornex JF*, Zalcman G, Souquet P); onbehalf of the BioCAST/IFCT-
1002 study investigators.
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Lung cancer in never smokers: Change of a mindset in the molecular era
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Selection of testing by smoking status not simple
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