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> Specifically, their impact on Lung Cancer
» List Diagnostic Tests Available for Lung Cancer -

»> Define the history and current recommendations on
Lung Cancer Screening

-

ancer with emphasis on newer surgical techniques -
available such as VATS or Robotic Lobectomy



T have ' personal financial relationship
with any manufacturer of products or
services that will be discussed iIn this
lecture.
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> Extremely reactive gas molecule
:-:-‘_"?‘Primary-ingredient in smog air pollution

» Very harmful to breathe

» Attacks lung tissue by reacting chemically with it

> At risk from breathing Ozone
» Children and Teens
» Age 65 and older
eople who work or exercise outdoors

‘i’ sponders” put react more strongly to ozone

> Some segments of society (high unemployment high public
transit use, and African Americans) face higher risks from dying
prematurely secondary to ozone pollution
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» onortness ol breatn
-~ Chest pain with inhz atic
- > Wheezing or Coughing
% Asthma—
» Increased susceptibility to respiratory infections and pulmonary
inflammation

> Increased need for people with lung disease to go to the hospital

» Reduced lung function

» Decreased lung function in college freshman who were
lifelong residents of Los Angeles or San Francisco

s -
Increased risk or heart attacks, arr

ature death

> Premature death

» 3700 deaths / yr with 10 parts per billion increase in ozone
level
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- > EPA requlates particle pollution as PM=4+-
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- micrometers or less in diameter). —
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> Prenatal Harm

» Increased risk of preterm births with chronic exposure to high levels of
air pollution during the last 6 weeks of pregnancy

» Newborn Harm
» Air pollution may increase the risk of sudden death syndrome (SIDS)
» May increase risk of babies born with low birth weight

Prolonged exposure to Fine Particle P i W

For each 10 ug/m3 in PM?25, risk of bronchiolitis increased by 9%
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> Harm hildren

p— — R —

| » Long term exposure to air pollutants associated W|th mcreased
-~ riskof-asthmatic bronchitis, hay fever, eczema, and allergic
sensitization

» Worsening of Asthma

> Increased prevalence and incidence of cough and bronchitis
» Increased risk of upper / lower respiratory infections

» Exacerbates cystic fibrosis

» Diesel school buses expose children to four times the diesel
exhaust versus car

> 1759 children age 10-18 in Southern California who grew up
in more polluted areas had an average drop in lung function -
20% below what was expected for the child’s age



o — Californla K’lr:Resources Board estlmates premature de thsin —
N— California from particle pollution at 14,000 — 24,000 annually with the
‘.—-—- — -

possibility of as high as 41,000 annually

> Dutch and British studies confirm that Long-term exposure to Air
Pollution is Deadly and Shortens lives

»> Long term exposure to air pollution, especially from highway traffic
appears to increase women'’s risk of lower lung function, COPD, and
premature death from cardiopulmonary causes

» Long-term exposure to Air Pollution Increases risk of Developing
COPD



» Truck drivers, dockworkers, and railroad workers face higher risk
of death from lung cancer, heart disease, and COPD from
breathing diesel emissions on the job.

> 50,000 members of Teamsters Union
» Smoking rates were similar to general population

—————-

» 10% higher Lung cancer death rate for both truck drivers and
dockworkers -
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> For every increase of 10 ug/m?in PM2>, 76% increased risk of death from
cardiovascular disease

A Overall Effect B Between-City Effect C Within-City Effect
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Relative Risk of Death from
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Figure 1. Level of Exposure to Fine Particulate Matter and the Risk of Death from Cardiovascular Causes in Women.

The graphs demonstrate the observed relationship between the risk of death from cardiovascular disease and the level of particulate
matter of less than 2.5 ym in aerodynamic diameter (PM,_s), including both definite and possible deaths from coronary heart disease
or cerebrovascular disease. Panel A shows the overall relationship between the PM, , level and death, Panel B the effects between met-
ropolitan areas, and Panel C the effects within metropolitan areas, with an indicator variable used to adjust for each city. These results
suggest a generally linear relationship between exposure and risk, though the 95% confidence intervals (shaded areas) are wide at the
extremes of exposure. Risk is depicted in comparison with a reference value of 11 pg per cubic meter. The histogram in each panel illus-
trates the density of exposure distribution for air pollution. All estimates are adjusted for age, race or ethnic group, educational level,
household income, smoking status, systolic blood pressure, body-mass index, and presence or absence of a history of diabetes, hyper-
tension, or hypercholesterolemia.




What to Do about Air Pollutio

Eroteciaioursell;

Payrattentionftortorecastsirornigniairpoliutiontdays torknow wnenitortake pre
) 1

iJe"f 'ff] areas:

reqwres less ¢ exertlon — e
"ﬁ_ﬁp.not let anyone smoke indoors and support measures to make all places smoke-free
> Reduce the use of fireplaces and wood-burning stoves.

Clean up Pollution
> Atlanta Georgia during 1996 Olympics -

> Reduced traffic during the Olympics succeeded in not just reducing congestion, but
in improving the health of children with asthma

» City brought in more buses, more subway cars, and encouraged ridesharing and -
telecommuting during the Summer Olympic Games

» The number of asthma acute care events (e.g., treatment and hospitalization)
decreased 42 percent in the Georgia Medicaid claims files



_Air Pollutior
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— -—=%’Reductiomn PM25 concentrations Would Inﬂcrease Life
Expectancy
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» Harvard Six Cities Study found that the deaths associated
with exposure to fine particles occur primarily within two
years of exposure, implying that reductions in air pollution
levels can be expected to produce rapid improvements in
public health

> Multiple studies and experts agree that reductions in air pollution

-.—-.

levels with have an impact in the public health sector1n~year.s|ﬂ91_
decades mg@
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moKking

SIMOKINGNEACLS
F SmoKIngrsthe'mostimportant preventable cause oi‘morbidity and

—

— premature mortalitvy Worldwide — -
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. > 438,000 Americans die each year from smoking related diseases
» Smoking is responsible for more than one in five US deaths
»> About ' of all regular smokers will die from the addiction
» Smoking costs the United States $193 billion in 2004

> Cigarette smoke contains over 4800 chemicals, of which 69 are
known to cause cancer

@king is direc 1,000 Lung Cancer -

Ing is directly responsible for 80-90% of the 127,000 COPD
deaths .

» Smoking is major risk factor for Coronary artery disease, stroke, and
lower respiratory infections

responsible for 90‘7'
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SINOKINYNZACLS
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> Smoking reduces the norma
13-15years

ot

e ————
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»> 8.6 million Americans have a smoking related iliness

» This means that for every 1 American who dies from smoking
related disease, there are 20 more people who suffer from a
smoking related disease

—
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List of diseases caused by smoking

Coronary. Artery bDisease

= AAA

. "Acute Myeloid Leukemia
Cataracts - 2-3 times the risk higher in smokers
Pneumonia
Periodontitis
Bladder cancer
Esophageal cancer u—
Laryngeal cancer
Lung cancer
Oral cancer
Throat cancer

Stomach cancer

Pancreati
Infertility
Peptic Ulcer Disease
Slow wound healing
Dementia / Alzheimer’s
> Smokers have far greater chance of developing dementia than nonsmokers




moking

AV OHOWIGE

- - \ - ) _— ] P, o . - ~4 ’ LL .
= > 1 0D¢ D IS 1éead 0 duse OT preventapie deatn woriawiae
e — g o ——— .. —

e ~ » Tobacco kills more than HIV/AIDS, Tuberculosis, and Malaria
ﬂ-_
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» Tobacco responsible for 5 million deaths each year and will increase
to 8 million / year in 2030

> Tobacco was responsible for 100 million deaths in the 20t Century
» With current usage, tobacco could

» China: 63% Men versus 3.8% Women - 300 million people smoke in.

China which is more than the entire US population
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SINOKINGNEACLS

=

45.5 million"Americans (0.6 of'aduits) were current smokers in"2006™
- » 45.7 million Americans were former smokers in2006

— —

- > Prevalence-of smoking decreased 40% between 1965 and 1990, but has
been UNCHANGED since

> Males 23.6%
> Females 17.8%
> American Indians/ Alaskan Natives 32.2%
> Whites 21.8%

lacks 22.6% =
> Hispanics 15.1% :
i O/
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Prevalence of Students in Grades 9-12
Reporting Current Cigarette Use
by Sex and Race/Ethnicity

YRBS: 2007

Ly
/| £
2 238

=k
(=]

Percent of Population

=L
=

NH Whites NH Blacks

Source: MMWR Surveill Summ. 2008:57:1-131.
NH indicates non-Hispanic.

2007

20% high school
students were
smokers

6% middle school
students were

TS —
... smokers
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Smokinc
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> 05 Adveﬁ'élng—by e5 major tobcco compam
$13.1 billion > $35 million / day

| ————

. ———

> 90% of adults who smoke start by the age of 21
> 50% became regular smokers by the age of 18

> Average youth in the US is annually exposed to 559 tobacco ads
»> 617 tobacco ads for every adult female

‘>‘892 tobacco ads for every adult African American =
_ ’ e ——
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Second Hand Smoke

R -

~ > Contains more than 250 toxic or cancer causing chemicals,

FE— including formaldehyde, benzene, vinyl chloride, arsenic,
- — ammonia, and hydrogen cyanide

» Current Surgeon General report concluded that there is NO risk
free level of exposure to secondhand smoke

» Second hand smoke even in short exposures can cause platelets
to become stickier, damage blood vessel lining, decrease
coronary flow velocity, and reduce heart rate variability - all of

: these can increase the risk of a heart attack — *

,400 lung cancer deaths / year
> 46,000 heart disease deaths / year
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Second Hand Smoke

ST RINGROVAEATENTS

» EXa :)J‘.J.,JLJJILJI dsS rm.ru

>4 5 400,000 — 1,000,000 asthma epusodesW

- " J> Increased frequency of colds and ear infection
— 790,000 ear infections per year

» Increased risk of respiratory infections
- 150,000 - 300,000 lower respiratory infections per year

» Increased frequency of Sudden Infant Death Syndrome

:9 430 cases per year —
T —
Mnﬂﬂlm!!o o! children live with smokers on a regular basis
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Estimated Mew Cases™

Male Female e

Frostate Braast . 2

s

_—,4 —
240,890 (29%) 230,480 (20%) 15,020 new cases
L &b FiLs Lung & branchus -
115 060 (14%) 108,070 (143%) + 115,060 in men

Colon & rectum Colon & rectum -
71,850 (9%) 69,360 (9%) + 106,070 iIn women
LIrinary bladdar Literine corpus
52,020 (5%) 45,470 (6%) + Accounts for 149% of all
Melanoma of the skin Thyroid

40,010 (5%) 36,550 (5%) new cancer cases

Kidney & renal palvis Mon-Hodakin lymphioma
37,120 (5%) 30,200 (4%) . Average dage at

Mon-Hodgkin lymphoma Melanoma of the skin 1 P

36,060 (45 30,220 (4%) diagnosis is 71

27,710 (3%) 23,600 (3% + Lifetime risk is 1 in 13
Leukamia Ovary I r

25,220 3%) 21,990 (3%) forsmenrand 1 in"16'for
Pancreas Pancreas women

22 050 (3%) 21,980 (3%)
All sitas All sites

822,300 (100%) 774,370 (100%)

Cral cavity & phanymnx Fidney & remal pelvis

39¢)
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Estimated New Cases’

------------------------------------------------------------------------------------

Prostate

Lung & bronchus
Colon & rectum
Uninary bladder
Melanoma of the skin
Kidney & renal pelvis
Non-Hodgkin lymphoma
Oral cavity & pharynx
Leukemia

Pancreas

All Sites

240,890
115,060
71,850
52,020
40,010
37,120
36,060
27,710
25,320
22,050
822,300

29%
14%
9%
6%
5%
5%
4%
3%
3%
3%
100%

Males

Females

Breast
Lung & bronchus
Colon & rectum
Uterine corpus
Thyroid
Non-Hodgkin lymphoma
Melanoma of the skin
Kidney & renal pelvis
Ovary
Pancreas
All Sites

230,480
106,070
69,360
46,470
36,550
30,300
30,220
23,800
21,990
21,980
774,370

30%
14%
9%
6%
5%
4%
4%
3%
3%
3%
100%
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US

)¢

Estimated Deaths

Lung & bronchus

a5,600 (28%)
Prostate
23720 (119%)
Colan & rectum
25,250 (8%)
Pancreas

19,360 (5%)

Liver & intrahepatic bile duct

13,260 (4%)
Leukemia
12,740 (4%)
Ezophagus
11,910 (4%2)
Urinary bladder
10,670 (4%)

Mon-Hodgkin lymphoma

9,750 (3%)

Kidney & renal pelvis
8,270 (3%)
Al sites
300,420 (100%)

Female
Lung & bronchus
71,240 (26%)
Breast
39,520 (15%:)
Colon & rectum
24,130 (9%)
Pancreas
18,300 (79%)
Ovary
15,460 (6%)
MNon-Hodgkin iymphoma
9,570 (4%)
Leukemia
S,040 (3%:)
Iterine corpus

8120 (3%)

Liver & intrahapatic bile duct

==
6,230 (2%)

ull

Brain & othear nervous system

5,670 (2%)
All sitas

- C = ETaTaliTk
lf .'I 1 . _lLllll.I I|1 I_I II-II '."I:I _:I

emioloc¢

'+ 156,940 deatf
+ 85,600 men
¢+ 71,340 women

+ Accounts for 279% of
all cancer deaths

Lung.cancer is the

cancer death
for both men and
woimen

leading cause.of |




Estimated Deaths

Males Females

Lung & bronchus 85,600 28% . Lung & bronchus 71,340 26%

Prostate 33720  11% T Breast 39,520  15%

Colon & rectum 25250 8% 2. Colon & rectum 24130 9%

Pancreas 19,360 6% i Pancreas 18,300 7%

Live & intrahepatic bile duct 13,260 4% . Ovary 15,460 6%
Leukemia 13,740 4% __ ' Non-Hodgkin lymphoma 9,570 4%

Esophagus 11,910 4% Leukemia 9,040 3%

Uninary bladder 10,670 4% . Uterine Corpus 8,120 3%
Non-Hodgkin lymphoma 9,750 3% . Live & intrahepatic bile duct 6,330 2%

Kidney & renal pelvis 8,270 3%
All Sites 300,430 100%

Brain & other nervous system 5,670 2%
All Sites 271,520 100%
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Morepeopieidieiohlingicancenthan

. wiSolun, Srgust, aigd 2rogiauts
- —— cancers COMBINED! @

Lung Cancer Deaths
156,940 deaths

Colon Cancer Deaths = 49,380

east Cancer Deaths = 39,520 -
"|Prostate. eaths; 720 T —

Combined Cancer Deaths = 122,620
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Esﬁmate- Number of Deaths in 2011

160000 -

Pancreas

Lun
140000 - e iuer 9

cancer
120000 - Prostate

cancer
100000 -

80000 - . Breast
cancer

60000 -

40000 -

20000 -

0

Clinics in Chest Medicine 2011 32,

Sl a'le SADDLEBACK MEMORIA
(10.1016/j.ccm.2011.09.001) BulF MeoniauCane Hanrmmsvsrs



Age-adjusted Cancer Death Rates,* Males by Site, US, 1930-2007

100

Lung & bronchus

a0
=
=
=
i=
=1
2 &l
2
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= Prostate
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F‘ancreas\
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1930 1935 1240 1945 1950 1955 1920 19a5 1970 1975 1580 1985 1280 19695 2000 2005

*Per 100,000, age adjusted to the 2000 LS standard population.

Mote: Cue to changes in IC0 coding, numerator information has changed over time. Rates for cancer of the liver, lung and bronchus, and colon and recturn are affected
by thase changes.

Sowurce: US Mortality Cata, 1960 to 2007, U5 Mortality Volurmes, 1930 to 1359, Mational Center for Health Statistics, Centars for Diseass Control and Prevention.
22011, American Cancer Society, Inc., Suresillancs Research




Age-adjusted Cancer Death Rates,* Females by Site, US, 1930-2007

100

an

1]

Lung & bronchus

Rate per 100,000 female population

Calon & recturm

0 TN N T D A 0 A A T A A I A A A T
1930 1635 1540 1945 1950 1555 1950 1985 1970 1975 1580 1985 1590 4R35 2000 2005

*Per 100,000, age adjusted to the 2000 US standard population.

Mete: Cue to changes in IC0 coding, numerator information has changed owver time. Rates for cancer of the liver, lung and bronchus, and colon and recturmn are affected
by these changes.

Source: LS Mortality Cata, 1960 to 2007, Us Mortality Volurmes, 1930 to 19589, National Center for Health Statistics, Canters for Diseass Control and Pravention.
S2011, American Cancer Society, Inc., Surveillancz Research




Cancer Survival Rates

Table 1. Changes in 5-Year Survival, Mortality, and Incidence for 20 Solid Tumors

Absolute
5-Year Survival, % Increase % Change (1950-1996)
I | in 5-Year : - :
Primary Site 1950-1954 1989-1995 Survival, % Mortality Incidence
Frostate &0 10 150
Melanoma 39 161 453
esfis 39 -3 106
EBladder 29 -35 51
Kidney 27 a7
Breast 26 -8 55
olon =21 12

R8BS

o

Rectum
Chvary -2

3
48 142
a8

0

yroid
Larynx

=8¢ .
76 79
-37

Uterus
Eryix :

Oral Eauit';r

Esophagus

Brain

R R S—

Liver s}

Pancreas 4

= 5 BNBE8E 2B RBIESE

213(83B(%|8]|3(8(R|S




Trends in 5-year Relative Survival Rates* (%) by Race and Year of Diagnosis, US, 1975-2006

All races White African American
1975-77 198486 19992006 197577 1984-Bb6 19992006 197577 1984-86 1999- 2006
All sites S0 54 BiE" 51 55 aa’ 40 41 5’
Brain 24 29 38 23 28 3 27 22 EAR
Braast (fernale) 75 79 =l FL= 21 a1 B2 BE 78
Colan L2 59 1y 52 (=] &7t 47 =1l Ly
Esophagus 5 10 19° & 1 20 3 ] 137
Hodgkin lymphoma 74 ad BT P an aa7 R 75 B2’
K.idrey 51 Sa 0 51 5] 70 50 c4 =T
Larynx T Ba FEY 5] B o5 ta 52 4491
Leukemia 36 42 oof 3G 42 Lt 34 34 471
Liver & bile duct 4 g 141 4 g 14 2 5 10
Lurmg & bronchus 12 12 1af 13 14 17 12 1 121
Malanoma af the skin 83 87 a3 a3 a7 93 al 708 T4
Myelorma 26 29 3gf 26 27 39 | 32 g
Mon-Hodakin lymphama 48 53 ag’ 43 5 71 49 48 a
Crral cavity & pharynx 53 55 @3r 5 57 =y 5 6 457
Crary a7 44 45° a7 29 45! 43 41 a7
Pancreas 3 2 &' 3 2 & 2 5 Y
Prostate Ge 7o 1007 0 7a 1007 &1 (s o7
Fecturm 40 57 oy L0 Ca 70 45 A6/ (g
Stomach 16 18 27 15 18 28 1& 20 26
Testiz 22 Q2 Ty a3 Q2 oyt 7 BT =27
Thyroid Q2 o4 a7 o3 o4 a1 ¢ 20 a5
Lrinary bladdar 74 78 alr 75 79 B2t 51 =l i
Iterine carvix 70 BB 71 71 7 IE: B5 oo o4
Iterine corpus B8 a4 a4 23 a5 25 &1 CE 1

*Survival rates are adjusted for normal life expactancy and are based on cases diagnossd in the SEER 9 areas from 1975-77, 1924-8&, 1999 to 2006, and followed
through 2007, +The difference in rates between 1975-197 7 and 1999-2006 is statistically significant (p <0.05). #The standard error of the survival rate is between 5
and 10 percentage points. & The standard arror of the survival rate is greater than 10 percentage points. # Sureival rate is for 19721980

Source: Altskruss 5F, Kozary CL, Krapcho M, et al lads ). 5EER Cancer Statistics Rewiewy, 1975-2007, National Cancer Institute, Bethasda, MO,
z2ar.cancer.gowes i 1975_ 2007, 2010,

2011, American Cancer Sodety, Inc, Surveillance Research
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+ Accounts for 13% of total cancer diagnoses
+ Accounts for 18%o of total cancer Deaths

+ Over 1.4 million died from Lung cancer

qgading causejoficancer, deathiin'Men —
| eading cause of cancer death in Women
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S Soking

- Ji:a_) I)JI.L)J.)J fof J/J/J OIRLEUNG _J Calc

. Dose related -

¢ (9-10fold risk average smoker, 20 fold risk for heavy
smoker)

+ Smoking reduces the lifespan of average American by 14 years
+ Secondhand smoke

+ Non-smoking spouses who live with a smoker have a 20-30%
greater risk

+ Air pollution
arldw:de, SOovof-deaths from Lung,cancer.may.bedue.to.alr "‘

ollW i —

Synergy with Tobacco (50-90 times the risk of cancer)

W® MEMORIALCARE HEALTH SYSTEM




CLOUIIU Nidill OITIUNC

— ——

o D ribed-by the EPA as a known human Groupa™
carcinogen

. | —

¢ Contains more than 250 toxic or cancer causing chemicals,
including formaldehyde, benzene, vinyl chloride, arsenic,
ammonia, and hydrogen cyanide

¢ Current Surgeon General report concluded that there is
NO risk free level of exposure to secondhand smoke
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Risk Factors

thnici

Ly
Affican Americans have similar'rate of'smoking as'Whites|(20!
vs 22%); yet

et

..« Black-men.are 50% more likely to develop lung cancer
+ 30% more likely to die from lung cancer than White men

+ Hispanics smoke less (15%) than Whites or African Americans
+ 50% lower lung cancer rate than Whites
+ 60% lower lung cancer rate than African Americans

»o High school students trend is alarming: wl
_ +» Hispanics 26.2%0_ | | TTER———

¢+ Whites 31.5%
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AdCtTC

-
~ ez nd Garidar S=ER datonse )
- SubGroup == - Incidence/100,000 ~Death/400;000=
e — = e ————— p——
- White'Men 79.4 78.1
White Women 51.9 41.5
African American Men 120.4 107 —
African American Women 54.8 40 -
Asian American Men 62.1 40.9

\merican Women 28.4

American Indian Men 45.6 52.9
American Indian Women 23.4 26.2



ian.and Sympton:

—_—

~« Cough (that does not reso

..+ Hemoptysis 9-57%
+ Pleuritic chest pain 6-60%
+ Shortness of Breath / Dyspnea 3-58%

+ ASYMPTOMATIC
"AII patients with Lung cancer; - 5;2,9_%_""

ien etected screenihg programs: 60%
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- CT.scan

PET Scan

PET and CT scan combined
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Fine Needle Aspiration
2PN EUMOLNBIaXeNSKEEYUINGNCIRRIACEIMEN




Bronchoscopy with Endoscopic /

Endoscope with
ultrasound probe

Esophagus

Biopsy
needle

Lymph nodes
with cancer

Trachea

Bronchi

Bronchoscope




Extended Working Channel (EWC)
Lock the EWC in place at the lesion
for insertion of endoscopic tools for
biopsy and ¢ther catheters

Bronchoscoplc Access -
Logic™ catheters (LG and
EWC) go throu ;x? the mouth
or nose to steer through the
bronchial trae 1o iymph nodes
and destal lesions

Patient Sensor Triplets (satellites) o———
Flaced on the patent and are
“tracking sensors” 1o show LG
position and account for patient
movement

|

lz'm*"’tocmbn Guide (LG)
sf ,,” 8 360° (8-way) steerability for navigaton
% " 1o1ihe esion and lymph nodes

Location Board ¢
Creates an electromagnetic field



superDimension™ Navigation System

Central Peripheral Target
Navigation Navigation Alignment

mg—"
-
d




Complete Procedure

Navigate

Place Fiducial Dye

Markers Localization

E3 covipbien



Thoracentesis
MEUIASTHRBSCORY,

Mediastinoscope

Trachea

Right Iung( &l .t |25 Left

Lymph nodes

[ Anterior Mediastﬁotomx
(Chamberlain procedure)

Incision
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WHO Classmcatlon (1999) for NSCLC

eESquamous Cellrcarcr
% Most commonly in Y—
+ Tends to spread Locally and usually central lesions
"+ Related to Smoking
¢+ Adenocarcinoma (30-50%)

+ Most commonly in Women and Non-smokers, but Smoking
is risk factor

+ Usually peripheral lesions
+ Metastasize early

ronchoalveolar Carcinoma (BAC) is a subtype
‘.—ge Gell|Garcinoma (10-25%)
dlﬁé@%twe cells
¢+ Metastasize early

4 Usua"V Peripheral lesions M® MEMORIALCARE HEALTH SYSTEM
+ Carcinoid tumor (3-5%)
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'+ Size of the Primary Tumor

+ Adjacent structures invaded into by
Tumor

+ N Stage
+» Nodal disease involvement

W B .
| etastatic disease involvement
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Stage IB

Stage |IA

Trachea
Lymph nodes

Right main Goarne
bronchus Left main
bronchus ¢

Bronchioles

Y | 4 Diaphragm

Stage IA, cancer is in the lung only, less than 3cm in size.

Stage IB, the cancer is: (a) greater than 3cm in size (b) involve the main bronchus
(c) invade visceral pleura (d) associated with obstructive pneumonitis.




Stage IIA Stage IIB

Lymph node o |
\ Trachea
Cancer '
Right main s
bronchus Left main —+ !. § 5 41
bronchus | ,,,
Bronchioles Luﬂ'd\ %‘
- Pleura
Diaphragm

Heart

Pericardium

Stage llA, cancer is less than 3cm in size and involves ipsilateral hilar lymph nodes.
Stage IIB, cancer is either the same as in stage IB and has also spread to ipsilateral hilar lymph nodes or

Cancer has not spread to lymph nodes but has spread to one or more of the following: (a) the chest wall,
(b) the diaphragm, (c) mediastinal pleura, (d) pericardium, (e) the main bronchus less than 2cm from the
carina, and/or (f) associated obstructive pneumonitis of the entire lung.




Stage IIIA

~mediastinalior
subcarinal lymph nodes
(N2).

Lymph nodes Similar to Stage IIB,
It may also spread to
one or more of the
, A% g & ' following: the chest
Left main e WS 1N 7 AR . wall, the diaphragm,
RronCS N E | s . RiDS mediastinal pleura,
pericardium, the
main bronchus less
than 2cm from the
carinagand/or(f)
associated obstructive
pneumonitis of the
entire lung.

Trachea

Diaphragm




Stage I8
IHENCANCEIMASES:

Ston ) contralateral
mediastinal or hilar
nodes or ipsilateral

supraclavicular nodes.

The cancer may also
spread to one or more
of the following: the

heart, the inferior

vena cava and the
aorta, (f) the trachea,
and the esophagus.

CGancer may also
spreadito the pleural
fluid (14).

S;éparate nodules in
the same lobe is also
(T4)*

Stage IlIIB

Trachea

Lymph node

Left main

"\ Chest

bronchus
Esophagus

-~
. .

- .. |
A 'y C' =H"
L
» Sahy

Sternum

Diaphragm

/.'L. r’ .y ®.
N s b
oy .".t!
bung .. \\\%7
N N
i “o))

Pleura

Inferior vena
cava




Stage IV

5 ’_ - Cancer\

Blood

Lymph nodes \
To other parts

Lung cancer has spread
to other parts of the

;'“"!‘ | body:

Brain

Lymph node

Another lobe of

of the body

the lung
Adrenal gland
Liver

Kidney




LI

NSCLC Incidence by Stage
US Population, 2006

Stgee ] Disease Annual 1-Year 5-Year
Stage and Stage  Incidence = Survival Survival
”IB""IV BRI s et Sl WA v R

NSCLC 140,000 <
< 24000 90% |
o 9,000  80% '
nA | 42,000 = 70%
11,000 = 50%

Stage llIA B-1V 57000 | 35%

Stage |l

1B (limited)

-

8%
Stage |IIB
(limited)
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Chest Xray.anc Sputum Cytolog:

-
o —

* Basedon Fair evidence - BasedonSolidievidence
Screening does reduce Screening would'lead to

— mortality from lung cancer false-positives and
» unnecessary invasive

: procedures and treatments
Studies:

¢+ Philadelphia Pulmonary Neoplasm Research Project

+ Veterans Administration study

¢+ South London Lung Cancer Study

¢+ North London Lung Cancer Study

s Kaiser Foundation Health Plan multiphasic screening trial

g—(‘:zechoslovak Study I —
W@b"c&“ﬂf}
| apan Study
¢+ Mayo Lung Project

¢+ Johns Hopkins Study M® MEMORIALCARE HEALTH SYSTEM
¢+ Memorial Sloan-Kettering Study
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~—d

el Trizils

— e Mayo Clinic swmmv- Early Lung Cancer | Anti-Lung Cancer | University of
?—1 Action Project Association Munster
(ELCAP) (ALCA)

Prevalence

N 1520 5483 1000 1611 817

Abnormal CT 51% 35% 23% 11.5% u 43%

# cancers on CXR | NA 1 7 15 VAN

# cancers on CT 26 19 27 14 11

Stage I NSCLC

Incidence

N e |11

Stage 1 NSCLC

Interval cancers 2
not detected on
screening CT




NationaliiungsScreentngairiayl,

r— e ————— - ——

-

The National Lung Screening Trial (NLST) is a lung

cancer screening trial sponsored by the National
Cancer Institute (NCI).

Launched in 2002, NLST compared: low-dose helical
g)mputed tomography (CT) and standard chest X-

‘-r.ayf 53,456 cu t.and former he smokers ages '
- A-wimﬁh:" 30 pack’year history were

nrolled and randomized to compare the effects on
mortality.




The NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 AUGUST 4, 2011 VOL. 365 NO. 5

Reduced Lung-Cancer Mortality with Low-Dose Computed
Tomographic Screening

The National Lung Screening Trial Research Team*
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+ CT scan: 356 deaths 247/100,000

+ Radiography: 443 deaths 309/100,000

RELATIVE IN THE RATE OF
DEATH FROM LUNG CANCER WITH LOW DOSE

— CT SCREENING OF (. i —
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- CT scan: 1877 deaths
+ Radiography: 2000 deaths
RELATIVE IN THE RATE OF

DEATH FROM ANY CAUSE WITH LOW DOSE CT

B— SCREEHENG OF (P R .
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'\ “ S I NationaliungsScreentngairial

- 'Results:
In lung cancer mortality with
low-dose helical CT scan versus standard CXR

An in all cause
mortality with low-dose helical CT scan

.!@slation: — :
"ﬁﬁﬁMQO% reduced

= 31,388 Lives Saved'per year
( additional 10, 515 Lives Saved per year)



. = LS. Preventive Services
Annals of Internal Medicine TASK FORCE

wwm S PreventiveSemices TaskFerceang

SCREENING FOR LUNG CANCER

CLINICAL SUMMARY OF U.5. PREVENTIVE SERVICES TASK FORCE RECOMMENDATION

Populatian

Asymptomatic adults aged 55 to B0 y wha have a 30 pede-year smokdng histony znd
cumerntly smaoke or heve quit smoking within the past 15y

Recommendation

screan annually for lung cancer with low-dose computed tomography.

Disconfinue screening when the petient hes not smoked for 15 3
Crade: B

Risk Assecsment

Aps, totsl cumulative exposure to tobacoo smoka, and years since quittng smoking are tha mast important risk factars for
lung cancer. Oiher sk factors include spedfic cooupetionsl exposwres, radon expasure, family history, and histony of
pulmonary fibrosis or chronic obstructive lung disazse.

Screening Tests

Low -dose comiputed tomography has high sensithvity and acceptable spedfidty for detecting lung cancer In high-rsk
persons and Is the only currently recommended scresning test for lung cancer

Treatment

Hion—small cell lung cancer s frested with surgical resaction when possible and dso-with radiation and chemotherapy

Balance of Benefits and
Hams

Annwes scresning for lung cancer with low-dose computed tomography 15 of modsrate net beneftt in ssymptomatic persons
who zre at high risk for lung cancer basad on age, tofal cumulstive exposurne to tobacoo smoke, 2nd years since quitting
smoking.

iother Ralevant USPSTE
Recommendations

The LISPSTF has made recommendations on counsaling and interventions to prevent tobacoo wse and tobscco-caused
disasse. These recommendations are svzliable af wwa ispreventivesa ricestaskdonce ong.
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Organization Groups eligible for screening Year

merican Academy of Family Practicel Evidence is insufficient to recommend foror 2013
against screening.
American Association for Thoracic Surgery2 2012
1. Age 55t 79 years with > 30 pack year

smoking history.
2. Long-term lung cancer survivors who have
completed 4 years of surveillance without
recurrence and who can tolerate lung cancer
treatment following screening o detect second
primary lung cancer until the age of 79.

3. Age 501079 years with a 20 pack year
smoking history and additional comorbidity that
produces a cumulatrve risk of developing lung
cancer > 5% n 3 years.

Age 55 to 74 years with > 30 pack year smoking 2015
history, who either currently smoke or have quit

within the past 13 years, and who are in

relatively good health.

merican College of Chest Physicians4 Age 55 to 74 years with > 30 pack year smoking 2013
history, who either currently smoke or have quit

within the past 13 years.
merican College of Chest Physiciansand ~ Age 55 to 74 years with > 30 pack year smoking 2012
merican Society of Clinical Oncology3 history, who either currently smoke or have quit

within the past 13 years.
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American Lung Associationd Age 550 74 years with > 30 pack year smoking 2012

history and no history of lung cancer.

Centers for Medicare and Medicaid Services? ~ Age 55 to 77 years with > 30 pack year smoking 2015
history and smoking cessation < 15 years.

National Comprehensive Cancer Network§ 2015

1. Age 35 to74 years with > 30 pack year

smoking history and smoking cessation < 13

years.

2. Age> 50 years and > 20 pack year smoking

history and 1 additional risk factor (other than

secondhand smoke exposure).h

U.S. Preventive Services Task Force) Age 55 to 80 years with > 30 pack year smoking 2013
history and smoking cessation < 19 years.

Additional risk factors include cancer history, lung disease history, family history of lung cancer, radon exposure, occupational
exposure, and history of chronic obstructive pulmonary disease or pulmonary fibrosis. Cancers with increased risk of developing
new primary lung cancer include survivors of lung cancer, lymphomas, cancer of the head and neck, and smoking-related cancers.
Occupational exposures identified as carcinogens targeting the lungs include silica, cadmium, asbestos, arsenic, beryllium,
chromium (VI1), diesel fumes, and nickel.
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Treatment of Lung Cancer According to Stage

Stage Primary treatment Adjuvant therapy Five-year survival rate (%)
Non-small cell carcinoma
Resection Chemotherapy 60 to 70
| Resection Chemotherapy with or without 40 to 50

radiotherapy

i

lllA (resectable) Resection with or without Chemotherapy with or without 15 to 30
preoperative chemotherapy radiotherapy
-‘_
llIA (unresectable) or IlIB Chemotherapy with concurrent None 10 to 20

(involvement of contralateral or or subsequent radiotherapy
supraclavicular lymph nodes)

llIB (pleural effusion) or IV Chemotherapy or resection of None 10 to 15 (two-year survival)
primary brain metastasis and
primary T1 tumor

Adapted with permission from Spira A, Ettinger DS. Multidisciplinary management of lung cancer. N Engl J Med 2004;350:388.
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> Suraerv is rthe trea 210 O chnolice

e - B R

> Lobectomy is recommended if patient’s medical condition and
« " pulmonary function tests are acceptable.

> Postoperative Mortality 3-5% with Lobectomy

> Segmental or wedge resection recommended for patients with
impaired pulmonary function

> Lung Cancer Study Group study (Ginsberg and Rubinstein)

> Lobectomy versus limited resection Stage | lung cancer

Reduction in local recurrence with lobectomy (6:4% mm%)—
ignifi i ival (68% vs 50%)

> Warren et al showed: Survival Advantage with Lobectomy for
patients with tumors more than 3cm




. . - CcC q_r_r :.J_r »q - c \!

~ Inovzraols Jizics i fadkidoy)

ras)osoretzetdl & sauden et al. - e ‘ -
ol - ».A e = e e e B e T

o mm— e s .

~» bSyearsurvival 10-27%, B —

FE— > For Stage IA (T1N0) 5 year survival was 32-60%
»>  Radiation dose'is 60'Gy

» Adjuvant Radiation:

»> Meta analysis of 9 randomized trials for postoperative radiation in
Stage | showed a 7% reduction in overall survival

» Adjuvant Chemotherapy:

> The Lung Adjuvant Cisplatin Evaluation (CACE), which was based on a
edranalysis of'five'randomized trials, has demonstrated that cisplatin-

nhissanalysis has suggested that platinum-based adjuvant.chemotherapy.
may have NO benefit for patients with stage |A and only'a'marqginal benefit
for patients with stage IB.

Alldr = 55 51 al'le SADDLEBACK MEMORIA
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rgery is the treatment of cho:ce -

- > lobectomyris recommended if patient’s medical condition and
pulmonary function tests are acceptable.

> Postoperative Mortality 3-5% with Lobectomy
» Postoperative Mortality 5-8% with Pneumonectomy

> Segmental or wedge resection recommended for. patients with
impaired pulmonary function

erable Stage ll: Radiation _..___u"

i
year survival 10%

L M IR CETRETV W YVEIRVEREH AR it SA DDLEBACK MEMORIA
> Radiation dose is 60 Gy Ml MEMORIALCARE HEALTH SYSTEM
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- > _Adjuvan ‘Radiat o;l,, | - P—

: = Postoperatlve radlet‘n‘e'ra”py reduces rates of local recurrence by 11%
Pto-:lii%—amengpahents withicompletely resected, pathologically.
confirmed stage || NSCLC. Therefore, if the outcome of interest is a
reduction in the frequency of local tumour recurrence, radiotherapy is
recommended. However, there is no evidence of a survival benefit
from postoperative radiotherapy alone.

Y

Adjuvant Chemotherapy:

» The Lung Adjuvant Cisplatin Evaluation (LACE), which was based on a
pooled analysis of five randomized trials, has demonstrated that cisplatin-

B

> With a median followup of 5.1 years, the overall hazard ratio of death was B
0.89 (95% C.l.; 0.82—-0.96; p<0.005) which corresponds to a 5-year absolute
benefit of 4.2% with chemotherapy. Hazard Ratio for stage Il was 0.83
(95% C.1.; 0.73—0.95).
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- StagelliAtbulky'mediastinalinvelvement(Visibleron CXR)havess ey |
—survivaltof 2-5% T — e — —
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> All patients are candidates for treatment on clinical trials since long term
- survival is poor

> Radiation:
»> Treatment with 60 Gy can achieve long term survival benefit in 5-10%
of patients
> Chemotherapy and Radiation:

»> Meta analysis from 11 randomized studies showed cisplatin based

> Neoadjuvant chemotherapy plus surgery had median survival > 3X
versus surgery alone

» Neoadjuvant chemotherapy and radiation allowed 65-75% patients to
undergo surgical resection - these patients had 27% 3 year survival.
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5 Chemotherapy

—

> Radiation alone
» Chemotherapy plus radiation

» Meta analysis of 54 randomized trials showed an
absolute survival benefit of 4% at 2 years with
combination of chemotherapy and radiation

o ————— R —
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Wedge Resection

Cancer

tissue
removed
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Lopeciom\

LobECtomyisrthe  removaifof arioberofitie: unc l“l'll‘

-

*ﬂun'g""'cer Tradltlonaily,‘a‘t 10racotomy was used'to'accomg |§I‘i~

this, but the incision was large, painful, led to many postsurglcal

~ complications:

Today, we can perform a lobectomy minimally invasively thru a
VATS or Robotic approach.

The advantages include smaller iIncision, no rib spreading or
cutting, less pain, less pneumonia (3% vs 19% In open
lobectomy), less atrial fibrillation (3% vs 20% in open

‘%ﬁ)my), shorter hospital stay (4/.days; vs:9udayssingopen;

vity and work

~ lobectomy), and@iﬁ@m rn to normalactivi :
Iso, the minimally invasive technique allows us to offer surgery.

to higher risk patients who would otherwise not be candidates
for traditional surgery.



removed




Internal mammary
artery and vein

Subclavian
artery

Superior vena cava



MiRimaiysnvasive
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Video Assisted
Thorascopic Surgery
ﬁaboﬂmgsi sted'Thoracic

Surgery



Video Assisted
Thorascopic Surgery

=
TTT——
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Example of VATS Incisions



Use of Video-Assisted Thoracic Surgery
for Lobectomy in the Elderly Results in

Fewer Complications

Stephen M. Cattaneo, MD, Bernard J. Park, MD, Andrew S. Wilton, MS,
Venkatraman E. Seshan, PhD, Manjit S. Bains, MD, Robert J. Downey, MD,

Raja M. Flores, MD, Nabil Rizk, MD, and Valerie W. Rusch, MD

Departments of Surgery and Epidemiology and Biostatistics, Memorial Sloan-Kettering Cancer Center, New York, New York

Table 2. Perioperative Data

THOR VATS
Characteristics (n = 82) (n = 82)

Histology

Adenocarcinoma 24 (29) 24 (29)
Adeno w/BAC 27 (33) 32(39)
Squamous 24 (29) 13 (16)
Other 7 (10) 13 (16)
Tumor diameter (range), cm 2.0 (0.3-8.0) 1.8 (0.1-7.5)

Pathologic stage

49 (60) 56 (68)
15 (18) 19 (23)

8 (10) 3(4)
10 (12) 4 (5)

Average age = 76 years

Table 4. Complication Profile

THOR VATS
Type, n (%) (n = 82) (n = 82)

p Value®

Length of stay (range), days 6 (2-27) 5 (2-20)
Complications, n (%) 37 (45) 23 (28)

Death, n (%) 3(3.6) 0(0)

None 45 (55) 59 (72)

Pulmonary 27 (33) 12 (15)
ardiac (atrt rillation)

Genitourinary

Gastrointestinal

Infectious

Neurologic

Other




'___/ _,-).—H‘g‘[".' oLl dl; _
> VATS Iobectomyhas greater Ilkellhood dof
-c——pianned-dehvery of adjuvant therapy after

surgery

» 61% VATS lobectomy received 75% or more
planned adjuvant therapy without delay or dose
reduction

T

A——

» 40% open lobectomy received 75% or more
planned adjuvant therapy



Qualit

100%
90% - p=0.015

80% 33d

.
Zg;’ B Other
i B OT/PT

0 -
el o —
30% | Dl dSOlI ; e
20% : ndependent
10%
0% ‘

Thoracotomy VATS

Fig 1. Discharge independence after thoracoscopic lobectomy. The
bar graphs demonstrate a much lower need for home health services
in the video-assisted thoracic surgery (VATS) group. The types of
services needed for each procedure type are displayed as well. (OT
= occupational therapy; other = other miscellaneous care needs; PT
= physical therapy.) Adapted from Demmy TL, et al. Discharge in-
dependence with minimally invasive lobectonmy. Am ] Surg
2004,188:698-702.

of Life:

4

Y 520,001

O None O Mild E Moderate B Severe

Fig 2. Pain control at 3 weeks after video assisted thoracic surgery
(VATS) lobectomy. The pie charts show that VATS patients have
significantly (p < 0.01) less pain as measured by the most potent
analgesic still required: severe——schedule 2 narcotic; moderate—
schedule 3 or lower; mild-nonsteroidal anti-inflaymmatory drugs or
acetaminophen. These data represent an updated series of high-risk
reported previously [49, 61].



da Vinci.S urgery

Less invasive - More precise - Faster recovery







_'Open Surgery VATS " Da Vinci Surger;'
- Incision Incisions Incisions
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-+ Enhanced visualization
+ Decreased trauma to the tissue
+ Decreased postoperative pain

+ Decreased postoperative respiratory and other
complications

+ Decreased Hospital Stay
shortened Recovery time, allowing returnitor

| Wﬂtﬁviﬁem
: \bility to offer surgery to higher risk patients

who would not be candidates otherwise
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-+ Radiofrequency Ablation (RFA)

+ Microwave Ablation

+ PDT

meted Therapies
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CyberKnife

2 Cy /l)'—"rjﬁm*fa ISEANT AN EIESSHODOHENAUIOSUTD gELY gt of
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-

atment more accurately than'standard'radio
+ Used for Inoperable early stage lung cancer, or

- ¢+ Metastatic disease

= e ol T e —




RadiofrequencyAblationy(REA)/AMicrowaveAblatio
¥ JJ..J‘.JJJ,JIJJ COmpL| LEUROMOYIAPIY, ((*f) Ot YHELIC] rswn.msa Tslzlef1n] g

MR aseditornelprguderarneedieelectrodeintora’Cance SN

. High-frequency electrical current or microwave Is then used to'heata
specific volume of tissue to temperatures high enough to cause
destruction of-undesired malignant cells.

+ Used for Inoperable early stage lung cancer, or
¢+ Metastatic disease
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PhotodynamIic Therapy with
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diGELEdNETAPY

e

Incidence of Driver Mutations in
NSCLC

NRAS 1%
BRAF 1%
CTTNB1 2% I |
PIK3CA 4% —
TP53 5%

No Mutation 49%
EGFR 13%

KRAS 25%

HER2 = human epidermal growth factor receptor 2; IDH1 = isocitrate dehydrogenase; PIK3CA =
phosphoinositide-3-kinase-calalytic alpha

Sequist LV, et al. J Clin Oncol. 2011,29: abstract 7518.




Table 1. Lung cancer genetic aberrations and associated targeted therapy.

Biomarker gene Aberration Targeted therapeutic Frequency of aberration [%]
@ Mutation or amplification Gefitinib, erlotinib, cetuximab [10-25] (35% in Asian patients)
HER2 (ERBB2) Mutation or amplification Trastuzumab [5-10]
BRAF Mutation Sorafenib [2-3]
p53 Mutation or deletion Advexin a p53 adenoviral vector [30-50]
VEGF Overexpression Bevacizumab, afibercept
PI3K Modified and activated BEZ235, LY294002 [1-3]
mTOR Activated Rapamycin, RADQOI, CCL-779 [70-75]
RAS Mutation leading to activation  Tipifarnib, lonafarnib [10-15] (20-30% in Adenocarcinoma)
MEK Activated Trametinib, salumetinib [1-2]
| KT Overexpressed Imatinib [1-2]
Fusion Crizotinib [5-13]
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PD-L1/PD-1 binding inhibits T cell Blocking PD-L1 or PD-1 allows
killing of tumor cell T cell killing of tumor cell

Tumor cell
Tumor cell deatf

Pembrollzgmab-tar-ge‘ts a proteinon immune cells called PD-1,
~ oneofa family of so-called checkpoint proteins that can restraln
the immune response.

Credit: National Cancer Institute / Terese Winslow
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