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Global Cancer Statistics 2018: GLOBOCAN Estimates
of Incidence and Mortality Worldwide
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CA Cancer J Clin 2018;68394




LUNG CANCER

is the most common cancer type in the wo
causes almost c ) ever

Incidence

Total number and % of all new cancer cases

| & O _
Al @b
908 630 1572 045

2.4%

Total number and % of all cancer deaths

584 228 * w 1233 241
13.5%

International Agency

for Research on Cancer cer, re spcns]b[e

World Health almost 85% of aII cases
Organization

Lung cancer and smoking

Smoking is the leading cause of lung cancer, responsible foof all cases.

Smokers have as much as a|30-fold|increased risk of developing cancer

In 2022 almost 2.5 million people were diagnosed with lung cancer and more than 1.8

million people died from the disease.

Screening high risk individuals has the potential to allow early detection and to

dramatically improve survival rates.

Smoking tobacco (including cigarettes, cigars, and pipes) is the primary risk factor for lung

cancer but it can also affect non-smokers.

i )@v World Health
& ¢ Organization




j is the primary risk factor for
) , but non-smokers can also develop
the disease

Cigarettes

[ / y 86
" Rn
Radon
International Agency

for Research on Cancer Second-hand Occupational hazards Air pollution
smoke (such as asbestos, radon,
World Health and certain chemicals)
Organization

Two important carcinogens in cigarette smoke

nicotine-derived

benzo[a]pyrene nitrosoamineketone

Lancet Oncol 2002, 3: 461




Risk factors for lung cancer worldwide

* Genetic factors( family history, genetic polymorphism)
» Tobacco smoking

* Chronic inflammation

* lonising radiation

* Occupational exposure (asbestos, silica, radon, heavy metals and
polycyclic aromatic hydrocarbons )

* Air pollution
Eur Respir J 2016148:889

DNA adducts due to tobacco smoke

~

Persistent Tobacco-related
— ————> Mutations ——>
W Miscoding cancer
Metabolic Genomic DNA Damaged DNA
activation (DNA adducts)

Enzyme hydrolysis In vivo

Tobacco smoke

Toxics 2019 Mar 19;7(1):16. doi




Cigarette smoking and lung cancer:
chemical mechanism
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carcinogens activation
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Lancet Oncol 2002, 3: 461

Death rates from all lung cancers, by smoking

status, Cancer Prevention Study
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Changes in rates of death from COPD over time
among current women and men smokers

Women
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CDC 2014

Changes in smoking use and subsequent lung
cancer risk in the Cancer Prevention Study

®QOverall 28% reduction in the risk of lung cancer for individuals who reduced the

number of cigarettes per day by at least 50%.

® Compared with smoking 20 cigarettes per day, reducing an average of 5

cigarettes per day per year was associated with a 20% lower risk of lung cancer.

Cancer. 2020;126(18):4220-4234




Relative risks for lung cancer associated to
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changes in smoking trajectories

Baseline smoking intensity: 20 cigarettes per day

Smoking 100% Smoking 50% Smoking 10% Smoking 100% Smoking 50%  Smoking 10%
of study visits of study visits of study visits of study visits of study visits of study visits
28% (RR 0.72)
0,
45% (RR 0.55) boe
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Baseline smoking intensity: 40 cigarettes per day

Rate of change in cigarettes per day per intervention year

JNCI 2024;116(6):895

N= 4,361,862

Individuals who underwent health examinations between 2009 and 2013, with
the index date defined as the date of their most recent examination.

l

N = 4,345,420
Individuals who reported their smoking status and pack-years at the index date.
Excluded (N = 464,413)
f——— - Individuals diagnosed with cancer
prior to the index date.
¥ ¥
N=2,602,720 N = 663,579 N=614,708
Response at the index date indicated Response at the index date indicated Response at the index date indicated
‘never smoker'. former smoker'. ‘current smoker'.
[ I
Excluded (N = 2,092,524)
- Individuals who underwent fewer than four health
[ examinations.
- Individuals who underwent health examinations at
intervals of longer than 37 months.
3 ¥
N=1,231,309 N =269,085 N = 288,089

Response at the initial health examination
indicated 'never smoker'.

Response at the initial health examination
indicated ‘former smoker"

Response at the initial health examination
indicated ‘current smoker".

!

!

I

N=1,093,474
Maintained non-smoking status during
follow-up examinations.

N=45317
Sustained smoking cessation during follow-

up examinations after quitting smoking.

N=137,310
Continued smoking during follow-up
examinations.

v
| Propensity score matching (2:1:1)
I
v ¥ k2
N =82,756 N=41,378

Never smoker

N=41378
Former smoker

Current smoker

Choi et al 2025 unpublished




Hazard ratio of lung cancer incidence
according to smoking cessation duration

l curentsmokervs | Neversmokervs_ |
_ Matched cohort Unmatched cohort Matched cohort Unmatched cohort
S R 95% Cl p HR 95% Cl p HR 95% Cl P HR 95% Cl p
1 Reference 1 Reference 5534 5089-6.019 <001 5621 5341-5914 <001
Former smoker
0-1 year 0936 0.840-1.042 0224 0907 0822-1.002 0055 5178 4594-5837 <001 57101 4.591-5667 <.001

0919 0820-1.030 0.146 0923 0830-1.027 0.140 5085 4486-5764 <001 57190 4.643-5800 <.001

0.760 | 0.659-0.875 <001 0.753 0.659-0.861 <001 4204 3.615-4.890 <.001 4233 3.686-4.862 <.001

2yrs

0735 0628-0.860 <001 0725 0624-0843 <001 4069 3448-4803 <001 4076 34954755 <.001
4-5 years 0619 0514-0.745 <001 0600 0501-0.718 <001 3426 2.824-4.155 <001 3372 2.809-4049 <.001
0567 0452-0.712 <001 0.552 0444-0688 <001 3.140 2487-3.963 <.001 3105 2486-3.878 <.001
6-7 years 0530 0401-0.700 <001 0495 0376-0652 <001 2934 2209-3.897 <.001 2782 2106-3.674 <.001
7-8 years 0498 0349-0710 <001 0466 0329-0660 <001 2754 1.922-3946 <001 2621 1848-3.718 <.001
8-9 years 0440 0296-0.653 <001 0412 0280-0.606 <001 2434 1.633-3.628 <001 2315 1.572-3411 <001

9-10 years 0382 0217-0.675 0.001 0356 0207-0.614 <001 2116 1.195-3.747 0010 2.001 1.159-3455 0.013
210 years 0.184  0.046-0.735 0017 0.147 0.037-0.589  0.007 |1,020| 0.256-4.074 0977 0828 0207-3315 0.790

Never-smoker 0.181 0.166-0.197 <001 0.178 0.169-0.187  <.001 1 Reference 1 Reference

Choi et al 2025 unpublished

Hazard ratio of lung cancer incidence
according to smoking cessation duration

6 —— HR
95%CI
Reference (HR=1)

0.8

Hazard Ratio (HR)
Hazard Ratio (HR)
w
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95% CI

-~ Reference (HR=1)
0.0 <
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Cessation Duration Cessation Duration

A) Former smoker versus current smoker B) Former smoker against never-smoker *p < 0.05




Hazard ratio of lung cancer according to
smoking cessation duration by sex(male)

& o »
< o & P
W3 o3 ot &
~ »
Coevaaton Darston

Former smoker vs. current smoker Former smoker vs. never-smoker

Hazard ratio of lung cancer according to
smoking cessation duration by pack-years

Former smoker vs. current smoker (<20 pack-years) Former smoker vs. current smoker (220 pack-years)




Association between duration of smoking abstinence
before NSCLC diagnosis and survival:

a retrospective, pooled analysis of cohort studies

» 26 cohorts participating in Clinical Outcomes Studies of the International Lung Cancer

Consortium at 23 hospitals. diagnosed between June 1,1983, and Dec 31, 2019

» Compared with current smokers (15 036 [40-0%] of 37 613),

v Patients with 1-3 years of smoking abstinence had an overall survival aHR of 0-92

v Patients with 3-5 years of smoking abstinence had an overall survival aHR of 0-90

v’ Patients with more than 5 years had an overall survival aHR of 0-90

® Significant at abstinence durations of more than 5 years aHR 0-87

Lancet Public Health 2023; 8: €691-700

Survival curves among patients with NSCLC by
smoking status and by duration of smoking abstinence

075

0504

Survival probability

0:25+

—— Current smoker
----Former smoker
—— Never smoker

Years since NSCLC diagnosis

Survival probability

0-50

0-254

0754 \

—— Current smoker

- -~ - Former smoker (quit 1-3 years ago)
- - - Former smoker (quit 3-5 years ago)
—— Former smoker (quit >5 years ago)

Years since NSCLC diagnosis

Lancet Public Health 2023; 8: €691-700




Univariable and multivariable analysis of factors associated
with overall survival among people who have ever smoked

Univariable analysis Multivariable analysis*

Crude HR (95%Cl)  pvalue Adjusted HR (95% (1)  pvalue

Pack years (>40 vs <40) 117(114-120)  <0:0001  1-10 (1-07-1-14) <0-0001
Smoking-abstinence duration at diagnosis
<1year (ie, current smokers) 1 (ref) 3 1 (ref)
1-3 years 0-82(078-0.86) <0-0001  0-92 (0-87-0-97) 0-0007
>3-5 years 0-89 (0-83-0-96) 00011  0.90(0-83-0.97) 0-0042
>5 years 0-91(0-88-0.93)  <0.0001  0-90(0-87-0:93) <0-0001

Lancet Public Health 2023; 8: €691-700

Lifetime Smoking History and Risk of Lung Cancer:
Results From the Framingham Heart Study

0.5 \

0.25 ——

Hazard Ratio for Lung Cancer

0.125

Former vs. Never Smokers
Former vs. Current Smokers

0.0625
OC/Q < v 3 & /o /;3 ]7 ,5' ‘:9 '.“b < 2 \"’7 < "-?5‘
Q.

JNCI J Natl Cancer Inst (2018) 110(11)




Adjusted risk of lung cancer in
heavy former vs never smokers

YSQ category Person-exams Lung cancers Adjustedhazard ratiot (95% CI) Pt
Zombined cohorts
<5 2828 27 12.12 (6.94 to 21.17) <001
5to <10 2301 27 11.77 (6.78 to 20.45) <.001
10 to <15 1564 15 7.81 (3.98 to 15.33) <.001
15 to <25 2332 22 5.88 (3.19 to 10.83) <.001
25+ 1459 12 3.85 (1.80 to 8.26) <.001
Never smokers (referent) 30 847 25 1.00 -
Driginal cohort
<5 1882 13 11.60 (5.47 to 24.61) <.001
5to <10 1409 11 10.46 (4.67 to 23.42) <.001
10 to <15 951 9 10.30 (4.18 to 25.41) <.001
15to <25 1280 i 7.81 (3.44 to 17.74) <.001
25+ 770 7 5.96 (2.15 to 16.54) <.001
Never smokers (referent) 20384 13 1.00 -
Dffspring cohort
<5 946 14 1232 (5.38 to 28.20) <001
5to <10 892 16 12.33 (5.64 to 26.96) <001
10to <15 613 6 5.74 (2.07 to 15.89) <.001
15to <25 1052 10 4.46 (1.81to 10.97) .001
254 689 5 2.69 (0.88 to 8.24) 08
Never smokers (referent) 10 463 12 1.00 -

JNCI J Natl Cancer Inst (2018) 110(11)

Adjusted risk of lung cancer in
heavy former vs current smokers

YSQ category Person-exams Lung cancers Adjusted hazards ratiot (95% CI) Pt
Combined cohorts
Current smokers (referent) 14 118 137 1.00 -
<5 2828 27 0.61 (0.40 to 0.93) 02
5to <10 2301 27 0.59 (0.39 to 0.89) .01
10 to <15 1564 15; 0.39 (0.23 to 0.67) <.001
15 to <25 2332 22 0.29 (0.18 to 0.48) <.001
25+ 1459 12 0.19 (0.10 to 0.37) <.001
Original cohort
Current smokers (referent) 9963 85 1.00 -
<5 1882 13 0.48 (0.27 to 0.87) .02
5to <10 1409 11 0.42 (0.23 t0 0.78) .006
10to <15 951 9 0.41 (0.20 to 0.83) 01
15 to <25 1280 12 0.31(0.16 to 0.59) <.001
254 770 7 0.23 (0.10 to 0.54) <.001
Offspring cohort
Current smokers (referent) 4155 52 1.00 -
<5 946 14 0.81 (0.44 to 1.48) 50
5to <10 892 16 0.79 (0.45 to 1.40) 42
10 to <15 613 6 0.36 (0.15 to 0.85) .02
15 to <25 1052 10 0.28 (0.13 to 0.59) <.001
25+ 689 5 0.15 (0.05 to 0.42) <.001

JNCI J Natl Cancer Inst (2018) 110(11)




Cigarette smoking and subsequent risk of
lung cancer in men and women

* Questionnaire between Oct 1995, and May 1996, and until Dec 31, 2003

* 279 214 men and 184 623 women in the USA aged 50-71 years.

* Incidence rates were 20-3 per 100 000 person-years in men and 25-3 in

women who had never smoked.

* |In current smokers, the HR was 0-9 (0-8-0-9) for women compared with men.

 For former smokers, the HR was 0.9 (0.9-1.0) for women compared with men.

Lancet Oncol 2008;9:649

Adjusted incidence rates, hazard ratios for
cigarette smoking and lung cancer by sex

Men

Women Multivariatet
adjusted HRs for
women relative to
men (95%)

Person n Age-standardised” Multivariatet Person n Age-standarlised* Multivariatat
years incidence rates/10° adjusted HRs years incidence rates/10° adjusted HRs
person-years (95% CI)  (95% C) person-years (95%Cl)  (95%Cl)

Overall 1996369 4097  2037(1974-209.9) 1338587 2237 1687 (1618-1757)

Meversmoked cigarettes, pipes, 498237 99 203(163-243) L0(reference) 597856 152 253(213-293) 10 (reference)  13(10-18)

or cigars

Mever smoked cigarettes hut 10149 38 332(226-437) 16(11-24) 455 1 2354(0-6968) 92(13-663)  6:6{08-521)

smoked pipesor cigars

Stopped smoking 210 years ago

110 cigarettes/day 205338 B2 410(324-496) 20(1527) 61772 69 422@322521) 171322 11(0817)
11-20 cigarettes/day 289846 309 974(864-1084) 47(3758) 104244 17 1091(893-1289) 44(34-56) 11(09-14)
21-30cigarettes/day 185612 323 1625(1447-1803)  78(62-98) 50534 91  1800(14302170)  72(5593)  10(0813)
3140 cigarettesday 122676 262 1977(17362218)  94(75-119) 8717 63 2193(1652-2735)  B88(65-118) 11(0816)
>40 cgarettesfday 5077 3% 2721(24283014)  128(102160) 20980 51 466(17893143)  99(72-136)  08(06-11)
Stopped smoking § to <10years
ago
1-10 dgarettes/day 16735 21 1292(739-1845) 60(37-96) 23266 3 1397(912-1884) 55(37-80)  11(0622)
11-20 cigarettes/day 40631 114 2851(2328-3375) 130(99-17:1) 31639 78 2485(19333037) 97(74-127) 08(0611)
21-30 cigarettes/day 36115 136 3886(32324540)  177(137-230) 19049 70 37B6(28354676) 150(113-200) 10(07-14)
31-40 cigarettes/day 29220 129 4500(3794-5385)  208(160-271) 11639 55 4956(3639-6273) 195(143-266) 10(07-15)
40 cigarettesiday 24978 150 6456(5414-7498)  292(226377) 8046 29 3828(2396-5260) 158(106-235) 06(04-10)
Stopped 1 to<5 yearsago
1-10 igarettes/day 917 20 2256(154-3258)  106(65-171) 14706 29 2180(1381-2980)  80(54-120)  08(04-16)
1120 cigarettes|day 23748 104 4518 (36485389)  204(15527.0) 21417 79 3775Q041-4609) 146(111191) 07(05-11)
2130 cigarettes/day 20519 111 5815(4721-6909)  257(19:6-338) 12178 54 4775(3487-6063) 184(134-251)  09(06-13)
3140 cigarattes/day 14657 93 6734(5350-8117)  205(222392) 6528 35 S538(37007375)  212(147-307) 08(0512)
>40 cgarettesfday 1357 B4 B283(6488-10078) 358(267-481) 3648 18 5167(27187615)  215(132351) 07(04-11)
Current smokers
110 cigarettes/day. 49323 223 4793(4162-5425)  207(163263) 68806 235 35863124-4047) 134(109-165) 07(06-09)
11-20 cigarettes/day 90311 605 7238(66567820) 305(246-379) 94060 535  6128(5601-6655) 225(188271) 08(07-09)
21-30 cigarettes/day 57048 429  8672(7825-9518)  359(287-448) 39611 247  6894(60137776) 252(205310) 08{07-10)
31-40 cigarettes/day 32621 283 08B1(8670-11084) 426(338-538) 15205 140 11126(0272-13080) 407(323513) 10(08-13)
=40 cigarettes/day 12553 139 12592(10350-14833) 549(422-714) 4142 48 13089(9242-16936) 473(340-658) 11(08-16)

Lancet Oncol 2008; 9: 649-56




Adjusted incidence rates, hazard ratios for
cigarette and lung cancer by sex and histology

Men Women Multivariatet
adjusted HRs for
women relativeto
men (95% C1)

Person- n Age-standardised*  Multivariatet Person- 0 Agestandardised®  Multivariatet

years incidence ratesf10°  adjusted HRs years incidencerates/10°  adjusted HRs
person-years (95% C1) person-years (95%Cl)
(95%Cl) (95% C1)

Adenocarcinomat 1996369 1574 783 (744-8232) 1338587 988  74.4(69.8-79.0) .

Never smoked cigarettes, pipes, or 498237 63 128(96-160) 1.0 (reference) 597856 102 17.0(137-203) 10 (reference)  1.4(1.0-2.0)
<gars

Farmer cigarette smoker <1pack/day 586015 301 487(432-542) 39(30-51) 357043 205  56.9(491-647) 32(25-41) 11(09-13)
Former cigarette smoker »1pack/day 560112 686 1185(109.6-1274) 92 (71-12.0) 161319 221 1402 (1217-1587) 7.9(62-10.0) 11 (10-1:4)
Current cigarette smoker <1 pack/day 139634 268  2039(1793-2285) 14.0(10-6-185) 162866 294 1884(1667-2102) 102 (81-128) 08(07-10)
Current cigarette smoker >1 packfday 102223 238 259.5(2251-2939) 17.6(13.2-235) 59048 166 3021(2548-3494) 164(127-211)  11(0:9-14)

Small-cell carcinomat 1996369 571 284(261-307) 1338587 369 278(250-307)

Never smoked cigarettes, pipes, or 498237 7 1.4(04-25) 1.0 (reference) 597 856 7 12(0-3-20) 10(reference) 06 (0:2-1.9)
dgars

Former cigarette smoker <1pack/day 586015 61 101(75-12:6) 63(29-139) /7043 38 105(7.2-139) 92 (41-207) 1.0(0:6-1.6)
Former cigarette smoker =1 pack/day 560112 181 311(26:5-35:6) 18.6(87-398) 161319 59 37:6(28.0-47.3) 317 (145-69-6) 12(0917)
Current cigarette smoker <1 packfday 139634 151 116.4(977-1351) 652 (304-139.8) 162866 153 101:4(852-1176)  834(390-1786) 08(07-12)
Current cigarette smoker >1packfday 10223 165 1844(1551-2136) 982 (457-210.9) 59048 112 2075(167.9-2471) 1684(779-3643) 12(09-16)

Squameus-cell carcinoma 1096369 921 458(428-487) " 1338587 37 240(213-266) . -

Never smoked cigarettes, pipes, or 498237 7 15(0.4-26) 1.0 (reference) 597856 5 08(01-16) 10({reference) 03 (01-12)
cgars

Former cigarette smoker <1pack/day 586015 131 211(17.4-247) 13.0(6.0-27:8) 35/043 54 150(11:0-19.0) 192 (77-48.0) 08(0.6-12)
Former cigarette smoker >1pack/day 560112 359 61.8(554-682)  36.0(17.0-763) 161319 71 45.4(34.8:56.0) 572(23.0-1419) 08(0.6-1.0)

Current cigarette smoker <1packfday 139634 200 1548(13331765) 831(39.0-1771) 162866 116  765(625-906)  831(338-2043) 05(04-07)
Curcent cigarettesmoker >1packfday 102223 219 247.6(2136-2816) 1282(601-2736) 59048 70 1387(1055-1719) 1398(560-3491) 06(04-08)

Undifferentiated carcinomat 1096369 255  127(111-142) 1338587 131 99(B2-116)
Never smaked cigarettes, pipes, or 498237 5 10(04-20) 1.0 (reference) 507856 10 17(06-27) 10 (reference)  21(06-71)
dgars
Former cigarette smoker <1pack/day 586015 37 6:0(41-8.0) 6:2(24-15.8) B/I043 22 61(35-86) 38(18-8.0) 08(05-1.5)
Former cigarette smoker >1pack/day 560112 101 174(140-208)  17.0(69-423) 16139 30 190(122-258)  115(56-236)  10(06-15)
Current cigarette smoker slpack/day 139634 48 367(263-472)  310(122786) 162866 51 328(237-419)  184(92367)  11(07-18)
Current cigarette smoker 51 packfday 102223 59  67.8(500-85.6)  523(207-1321) 50048 18 327(17.0-485) 180(81-39.9)  05(03-10)

Lancet Oncol 2008: 9: 649-56
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Lung Cancer Risk Factors

KEY POINTS
Cigarette smoking is the number one risk factor for lung cancer.

Radon is another important cause of lung cancer in the United States.
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Smoking

Cigarette smoking is the number one risk factor for lung cancer. In the United States,
cigarette smoking is linked to about 80% to 90% of lung cancer deaths. Using other tobacco
products such as cigars or pipes alse increases the risk for lung cancer. Tobacco smoke is a
toxic mix of more than 7.000 chemicals. Many are poisons. At least 70 are known to cause
cancer in people or animals.

People who smoke cigarettes are 15 to 30 times more likely to get lung cancer or die from
lung cancer than people whe do not smoke. Even smeking a few cigarettes a day or
smoking occasionally increases the risk of lung cancer. The more years a person smokes and
the more cigarettes smoked each day, the more risk goes up.

Peaople who quit smoking have a lower risk of lung cancer than if they had continued to
smoke, but their risk |s higher than the risk for people who never smoked. Quitting smoking
atany age can lower the risk of lung cancer.

Cigarette smoking can cause cancer almost anywhere in the body, Cigarette smoking causes
cancer of the mouth and throat, esophagus, stomach, colon, rectum, liver, pancreas,
voicebox (larynx), lung, trachea, bronchus, kidney and renal pelvis, urinary bladder, cervix.
and acute myeloid leukemia

Smoke from other people's cigarettes, pipes, or cigars (secondhand smoke) also causes lung
cancer.
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