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Cancer Death Rates* Among Men, US,1930-2005

*Age-adjusted to the 2000 US standard population.
Source: US Mortality Data 1960-2005, US Mortality Volumes 1930-1959,
National Center for Health Statistics, Centers for Disease Control and Prevention, 2008.




Cancer Death Rates* Among Women, US,1930-2005
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*Age-adjusted to the 2000 US standard population.
Source: US Mortality Data 1960-2005, US Mortality Volumes 1930-1959,
National Center for Health Statistics, Centers for Disease Control and Prevention, 2008.




Smoking prevalence in
US men and women
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Burns et al, NCl Smoking and Tobacco Control Monograph No. 8, 1997




Haven’t cigarettes gotten safer?
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Burns, Benowitz, et al, NCI Smoking and Tobacco Control Monograph No. 13, 2001



People changed the way they smoke

* Increased number of puffs
 Increased puff volume

 Increased inhalation depth

Adenocarcinoma




Changing distribution of lung cancer
histologic types over time
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SEER-9 cancer registries, Cook M et al, CEBP, 2009




New and emerging tobacco products

Chocolate

V¢ fint

*e-cigarette battery notincluded  *items displayed are not actual scale



Marijuana




Relative Risk

Lung cancer relative risk drops after quitting

20

18

16

14

12

10

O N A O o

smoking, but ...

Relative Risks of Lung Cancer According to Years Since Quitting Smoking
among Males in Three Cohort Studies of Smokers
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British Physicians U.S. Veterans American Cancer Society

20+ year quitters still have double the lung-
cancer risk of non-smokers



Lung-cancer death risk plateaus
after quitting smoking

Continuing smokers
Age stopped
60-64
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 Don’t just quit, quit AS YOUNG AS POSSIBLE

 Most lung cancer in the US is in former smokers!
Halperin, JNCI, 1993; Peto J, BrJ Cancer 2011



Slightly more quitting among those with major
abnormalities found by CT lung screening?
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Tammemagi et al, J Natl Cancer Inst, 2014



Background
National Lung Screening Trial (NLST)

B Death from Lung Cancer
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Years since Randomization

 NLST participants: ages 55-74, 230 pack-years, <15 quit-
years
3 CT screens reduced lung cancer death by 20%

The NLST Research Team, N Engl J Med, 2011



Background: USPSTF and CMS

A-55-80-30-15 = A-55-80-30-25
NLST/55-75-30-15 ¢ ™ A-60-80-20-25

A-55-80-40-25 = "
A-60-80-40-25 ™ A-60-80-30-25
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Average CT Screens, n

USPSTF guidelines
— ages 55-80, 230 pack-years, =15 quit-years

CMS reimbursement guideline
— ages 55-77, 230 pack-years, <15 quit-years

de Koning et al, Ann Int Med, 2014



USPSTF calls for improved risk
assessment tools for screening

* In response to public comments that lung

screening be restricted to those at highest
risk, the USPSTF stated:

“The USPSTF acknowledges the importance of
accurately identifying persons who are at highest
risk to maximize the benefits and minimize the
harms of screening and calls for more research to
improve risk assessment tools.”

Final Recommendation Statement: Lung Cancer Screening, USPSTF, 2013



Lung cancer death model

log(smoke years)
log(1+ quit years)
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 Risk factors

— self-reported
— well-known

 Log(age): HR=431

« Continuous
— Age
— Smoke years
— Quit years
— BMI

Hazard ratio
Katki, ... Chaturvedi, JAMA, 2016



Risk-based selection may be more effective
and efficient than current guidelines

Risk-based:
USPSTF- | Fixed-USPSTF

eligible population
smokers size

Number of eligible smokers 9,018,130 9,018,693
(% ever-smokers screened) (21%) (21%)

5-year lung-cancer risk threshold - 1.9%

Number of preventable lung-cancer deaths 46,488 55,717
(% of preventable lung-cancer deaths) (57%) (68%)

Effectiveness: Number needed to screen 194 162
(NNS) to prevent 1 lung-cancer death

Efficiency: # of false-positive screens per 133 116
prevented lung-cancer death

Katki, ... Chaturvedi, JAMA, 2016



Projected outcomes from risk-based
CT lung cancer screening

No. of NNS to No. of
prevented prevent false-positives
deaths 1 death per prevented
over5y over5y death

82245 528 294

Risk-based fixed
USPSTF population
size

+ USPSTF

+CMS

X
>
LN
S
(M)
=
o
(%]
£=
)
(1]
<M
o
S
(<P}
O
c
(a~]
o
(@)}
c
=]
—]
D
Q0
(4]
)
c
(<&
>
(M)
S
o

10 15 20 25 30 35 40 45
Screened Ever-Smokers Aged 50-80 y, millions




Risk-based strategies replace the lowest-risk
USPTF-eligible smokers with higher-risk USPSTF-
ineligible smokers.

 Replacements have
— Much higher 5-year lung cancer risk (3.2% vs. 1.3%)
— Much lower NNS to prevent 1 death (226 vs. 647)

* Risk-based selection preferentially selects
— Older (ages 70-80)
— African-Americans
— Current smokers

— Low-intensity long-term current-smokers
* 61% of whom smoke less than half a pack per day
* 67% are female; 25% are African-American

— High-intensity former-smokers who have quit for more
than 15 years



Unforgiving Math of Screening

« 20% reduction in death applies only to
— Ever-smokers (~85% of lung cancer deaths)

— 57% of US lung cancer deaths in ever-smokers
from current USPSTF screening guidelines

— Might increase to 68% under risk-based
screening

* Only 10-12% of US lung-cancer deaths are
realistically preventable by CT screening

— However, this would roughly equal eliminating
all US stomach cancer deaths




Achilles Heel of Precision
Prevention:

Dissemination and implementation
of risk-based precision prevention



How can risk-based screening
happen in real-life?

 Some doubts
— How will we collect the information?
— What is the right risk threshold to qualify for screening?

— What happens to those who don’t qualify but get cancer?
— Will | get sued?

« Validated shared decision-making process
— Validated and appropriate risk tools and quantitative decision aids

— Validated process that accurately conveys information and leads to
appropriate decision-making in light of a patient’s values

— http://lwww.shouldiscreen.com/lung-cancer-risk-calculator

 How will this be explained?

— Doctors, public health professionals, a trained cadre of “medical
counselors”? “Screening Navigators?”



Risk Tool
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Lung cancer screening as a
template:

Principles of precision prevention



Template for precision prevention?

« Screening general populations is hard

— Most people at low disease risk, thus at high risk of false-
positives

— Clinical trials of screening in general populations has mixed
results: low power

« Shift question from “Does screening work?” to
“For whom does screening work?”

 CT lung screening model

— When introducing a new screening program, select only those at
highest risk (NLST)

— Increased statistical power for trials (88 prevented deaths)

— Focus on high-risk smokers has resolved an acrimonious
decades-long debate about whether lung screening works



Rule-Out/Rule-In Screening:
“for whom does screening work?”

* Rule-out everyone noft at high risk
— Immediately
* Lung screening
— Rule-out for a long time based on tests (single or sequence)
» Cervix screening, prostate screening (?)
— Base rule-out on: low-risk of untreatable cancer or death

* Rule-in based on triage test

— Even HPV needs Pap and biopsy triage

— Base rule-in on: high-risk of finding treatable disease (early stage
cancer or precancer)

— Can consider extending to those at moderate risk, if an excellent
triage test exists

Castle and Katki, Nature Reviews Clinical Oncology (hopefully)



