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Disclosures
• Covidien speaking honoraria 
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Outline
• Screening the high risk population- organizational 
change

• Population health

• Screening beyond USPSTF
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In	the	beginning…
1600s Tobacco Ad
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Cigarette	Rolling	Machine	1880

• James	Albert	Bonsack (age	21	years)
• Result	of	a	contest		(prize	$75K)	to	invent	
machine	to	roll	cigarettes.

• 120,000	cigs	in	10	hours	(200/min)
• Revolutionized	industry
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Rise	and	Fall	of	Smoking
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$119 out of 
$205 billion 

7 million deaths per year worldwide
179 billion in US healthcare costs
150 billion in lost US productivity
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The	future	is…	JUUL

JUUL on TWITTER
> 60% mkt share

James MonseesAdam Bowen
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1 pod= 60mg Nicotine
1cig=9mg  and 1mg after burning
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Primary Prevention
Risk Factor Modification

• Tobacco	Smoke	(~90%)
– Start	age,	Duration,	Quantity,	Type	of	cigarette
– >	20x	increased	risk	of	lung	cancer
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Primary Prevention
Smoking Cessation

• Ancillary	Benefits
– Decreases	morbidity	of	the	many	other	smoking	related	disease	processes
– ~	1/2	of	regular	smokers	die	from		smoking	related	disease	(~30%	lung	cancer)
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Race and Lung cancer

White male smokers consume 30%–40% 
more cigarettes than their black 
counterparts, but black male smokers are 
34% more likely to develop lung cancer. 

Black women smoke less on average 
than white women but have similar 
incidence rates 
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African Americans have the highest incidence of 
and mortality from lung cancer 
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5	A’s	
US Public Health Service Provider Role

Ask Identify tobacco use Documented
Advise Clear, strong, personalized Reasons to quit
Assess Willingness Readiness determined
Assist Counseling/pharmacotherapy Strategies explained

Arrange Schedule follow up Purpose directed follow up

Clinical Practice Guideline Treating Tobacco Use and Dependence 2008 Update Panel,Liaisons 
and Staff, A clinical practice guideline for treating tobacco use and dependence 2008 update: A 
U.S. Public Health Service Regort. Am J Prev Med. 2008;35:158-176
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Opportunities for Smoking Cessation
(Over two screening rounds)

SDM	
Meeting/
Baseline	
Order

Eligibility	
Confirmation

FAQ/Schedule Baseline	
Exam

Discuss	
Baseline	
Results

Baseline	
Satisfaction

Order		
incidence	
exam

Scheduling	
incidence	
exam

Incidence	
Exam

Discuss
Incidence	
Results	

Incidence	
Satisfaction	
Assessment

•PCP (4)
•Navigator (5)
•CT Tech (2)

11 
chances
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30% Telephone 
counseling
3 vs 8 sessions
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Results
Relapse	Rates	vs	General	Population

Quit	<	1	year Quit	>	1	year

Garcia-Rodriguez	O,	Secades-Villa	R,	Florez-Salamance L,	Okuda	M,	Liu	S-M,	Blanco	C.	
Probability	and	predictors	of	relapse	to	smoking:	Results	of	the	epidemiological	
survey	on	alcohol	and	related	conditions	(NESARC).	Drug	and	Alcohol	Dependence	
2013;132(3):479-485.	http://doi.org/10.1016/j.drugalcdep.2013.03.008
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NCI	SMOKING	CESSATION	AT	LUNG	
EXAMINATION	COLLABORATION	(SCALE)

LUNA Integrated care	vs	quitline vs	quitline plus

MATCH CER digital	cessation	alone,	in	combo	with	
counselor	or	refer	to	care	

PLUTO SMART	design	telephone vs	telephone	
plus	pharm		(monthly	vs	quarterly	contact)

CASTL Motivational interviewing,	NRT	patch,	NRT	
lozenge	or	message	framing

LSTH Project 8	telephone sessions	plus	NRT	vs	3	
sessions	plus	NRT

LUNG Gain framed	intervention	(Y/N)	plus	minus	
NRT

PROACT Primary care	setting:	usual	care	vs	
proactive	opt	out	cessation	support	with	
starter	med	pack	with	results	letter	and	
quitline support
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Secondary Prevention
CT Lung Screening

• Most	people	who	die	from	lung	cancer	now	are	FORMER	SMOKERS
– 35%	of	Lung	Cancer	Diagnosis	à Current	Smokers
– 50%	of	Lung	Cancer	Diagnosis	à Former	Smokers
– 15%	of	Lung	Cancer	Diagnosis	à Never	Smokers

• Lung	Cancer	5-Year	Overall	Survival
– 1975	5yrOS		à 12%		(current	smokers	~	35-40%)
– Today	5yrOS	à 15%’	(current	smokers	<	20%)

• Stagnant	survival	result	of	absent	Secondary	Prevention
– FORMER	SMOKERS	cannot	benefit	from	PRIMARY	PREVENTION
– Secondary	Prevention	=	LUNG	SCREENING
– LUNG	SCREENING	à Find	disease	at	early	more	treatable	stage
– LUNG	SCREENING	GOAL	à Decrease mortality	not incidence
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Current

Former
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Why so slow?

Reimbursement
Silos
Stigma
Misinformation
Terminology
Infrastructure
Resources
Training

RESCUE LUNG RESCUE LIFE SOCIETY
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2016 data, 3 years after ACS recommendation and one year after 
CMS coverage

Mammography -28% in 1987, 11 years after ACS recommendation

Colonoscopy -32% in 1980, 20 years after ACS recommendation

Lung cancer screening Lahey– 65% in 2018, 6 years after NCCN 
recommendation 65% of eligible population screened – Changed the 
conversation
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Kotter’s	Organizational	Change

ACCC Oncology Times March /April 2014
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Lung Screening
Urgent Need

Lung Cancer Claims the lives of 450 
People

Every Day
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Access	to	Life-Saving	Intervention
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Powerful Coalition

ACCC Oncology Times March/April 2014

RESCUE LUNG RESCUE LIFE SOCIETY



26

Create Vision
Rescue Lung, Rescue Life

Mission
v Save	lives	through	the	early	detection	of	lung	cancer	with	responsible	CT	

lung	screening
v Encourage	the	government	to	establish	reimbursement	for	CT	lung	

screening
v Encourage	other	centers	of	excellence	in	the	treatment	of	lung	cancer	to	

offer	responsible	low	cost	CT	lung	screening	until	CMS	establishes	
reimbursement

v Break	down	barriers	and	prejudice	faced	by	those	at	risk	for	lung	cancer
v Raise	public	awareness	of	the	power	of	CT	lung	screening	to	save	lives
v Provide	a	platform	to	explore	relevant	research	questions

RESCUE LUNG RESCUE LIFE SOCIETY



27
2
7



28

No One Deserves to Die
of Lung Cancer

RESCUE LUNG RESCUE LIFE SOCIETY
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Stigma	and	Big	Tobacco

Competition has been tough - tobacco 
industry, Hollywood, press 

Guard against withholding of health care 
services or advocacy based on social 
history – slippery slope
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Revenues and Expenses
Different Silos
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Financial Analysis Year 2
(2nd Incidence)

Total Revenue to Radiology à $257,115

Total Cost to Radiology à $187,894

Net Gain/Loss to Radiology à GAIN ~$70,000
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Lives Saved/Net Revenue

Lives Saved/Net Revenue
• 1 years and 3 years
• Mkt Share
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Clinical Resource Utilization

• 711	clinical	CT	lung	screening	pts.
• Followed	for	12	months	after	screening
• Chart	review
• Include	all	clinical	activity	with	>	95%	chance	
of	being	directly	result	to	lung	screening	event

• Breakdown	volume	by	hospital	departments	
and	Lung-RADS	score
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Overall Financial Events
12 Months: 711 Patients

1,420
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Hospital Events 
(12 months: 711 Patients)
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Model	Projections	vs Clinical	Observations	
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Kotter’s	Organizational	Change

ACCC Oncology Times March/April 2014
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ACCC Oncology Times March/April 2014
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LungRADS
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CMS Payment Drives Adoption and Access

11/8/2010
NLST trial halted; 

low-dose CT 
scans reduce lung 

cancer deaths

NCCN 
10/26/2011

Screening is 
recommended for 

high-risk individuals

12/28/2011
CME 

Campaign

USPSTF 
(12/2013) 

CMS(2/2015)
Open access; 
9 million at risk

Only 2-3% screened  
ACR Registry June 2017

NLST NEJM 
6/29/2011

Reduced lung cancer 
mortality with low-dose 

screening

12/6/2011
Steering Committee; 

radiology working 
group

1/9/2012
Lahey Free 
Program; 

“Rescue Lung, 
Rescue Life”

Discounted self pay rate: $350 (4 patients screened)

4/2019:
Over 5800 screened;

207 lung cancers, ¾ Stage I;
1 non-lung cancer diagnosed 

for every 4.5 lung cancers

12/15/2011
LungRADS

Originated @ 
Lahey

12/20/2011
CTLS 

Database 
Originated @ 

Lahey

11/13/12 Meet with CMS

RESCUE LUNG RESCUE LIFE SOCIETY
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1. Request coverage
2. Demonstrate LungRADS system
3. Message relentlessness
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https://www.lungcancerscreeningguide.org
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Screen 

NCCN

RESCUE LUNG RESCUE LIFE SOCIETY
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Training	Credentialed	Radiologists

Radiology- Make	the	radiologist	comfortable	
Mevis Lung	Academy
IELCAP	VA	PALS
NELSON:	Central	Radiology	Review

Pulmonary	Recommendation	for	suspicious	
European	18	month	implementation	plan

RESCUE LUNG RESCUE LIFE SOCIETY
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Systems	Approach
Division of labor 

cost efficient/effective 
volume for PCP, specialist, radiology
Triage to manage specialty volume
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Lung Screening Debate
Fact vs Speculation
NCCN Considerations

Theoretical	Risks/BenefitsProven	Risks/Benefits
v Increase/decrease	pt.	anxiety
v Encourage/discourage	

smoking
v Patients	to	ignore	symptoms
v Costs	?	Perspective

v Patient/hospital/insurer/govern
ment/society

v Community	radiologists	&	
hospitals	“bilk”	the	system

v Low	dose	radiation

v At	least	a	20%	lung	cancer	
specific	mortality	benefit

v False	positive	rate
v False	negatives
v Complications	of	

treatment	and	work-up	of	
true	and	false	positives

v Overdiagnosis

RESCUE LUNG RESCUE LIFE SOCIETY
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MILD = 65% Men 

10 Yr LC Specific 
Mortality = 39%
Landmark = 58%
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Eligibility	NELSON,	MILD,	NLST

• NELSON
• Age:	50-75
• Current	or	quit		<	10	yrs ago
• >	10	cig/day	x	30	yrs (15PY)
• >	15	cig/day	x	25	yrs (18.75	PY)

• NLST
• Age:	55-74
• Current	or	quit	<	15	yrs ago
• >	30	Pack	Years	(PY)

RESCUE LUNG RESCUE LIFE SOCIETY

• MILD
• Age	49-75
• Current	or	quit	<	10	yrs ago
• ≥20	pack	years	(PY)



52

La
he

y

La
he

y

La
he

y La
he

y

NELSON	and	MILD- Demographics
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NELSON

• ~16,000	randomized	CT	vs	no	screening
• 4	exams	over	5.5	years	evaluate	at	year	10

– Baseline,	year	1,	year	3,	year	5.5

• Volumetric	imaging
• Central	reading	
• Pulmonary	referral	suspicious
• 16%	women
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MILD
• 4099	randomized	CT	vs	no	screening	(2	to	1)
• 5	year	results	NS	difference
• 10	year	Landmark	analysis	to	assess	efficacy	of	
long	term	screening
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MILD
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Significance	for	US	Screening?

• USPSTF	review	underway
• Category	A	recommendation
• CMS	Implications

– SDM	
– Registry	

RESCUE LUNG RESCUE LIFE SOCIETY



Editorials	Exaggerating	Radiation	Harm	and	FPR
What	is	the	false	positive	rate	in	modern	clinical	practice	CTLS?

Patient	Anxiety	– Little/No	Evidence
“Permission	to	Smoke”	– Little/No	Evidence

Overdiagnosis
What	is	the	rate	of	overdiagnosis in	the	NLST	when	using	modern	reporting	and	work	

up	algorithms?
70%,	50%,	18%,	10%,	3%

Significant	Incidental	Findings
What	is	the	rate	of	significant	incidental	findings	in	clinical	CTLS	practice?

70%,	40%,	10%,	6%,	4%,2%

Shared	Decision	Making

98%, 60%, 50%, 23%, 12%, 7%, 2%
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“On a population-based level, the FP rate is traditionally defined as the probability of
receiving a positive result, given an absence of the disease. In this review, the FP rate will be
defined as the number of FPs as a proportion of the total number of screening
examinations conducted (i.e. accounting for cases of both the presence and absence of
malignant disease). The definition has been modified from the true technical definition as a
result of an observed trend, whereby the FP rate is reported in the latter manner by most
of the publications concerning mammographic screening.” -British Journal of Radiology

“In 1995, Benjamini and Hochberg introduced the concept of the False Discovery
Rate (FDR) as a way to allow inference when many tests are being conducted. The FDR is
the ratio of the number of false positive results to the number of total positive test results.”
-Partnership for Assessment and Accreditation of Scientific Practice

What	is	the	False	Positive	Rate?

What	is	NOT	the	False	Positive	Rate?
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• False positive rate = B / (D + B)
• False discovery rate = B / (A + B)

10/1000000 = .001% = FPR
10/11= 90% = FDR
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False	Positive	Rate	vs	False	Discovery	Rate
Test # Screened Positive	

Exams
True	Positive False	

Negative
FPR FDR

A 106 100 10 1 ? ?

B 500 100 10 1 ? ?

C 1,000 100 10 1 ? ?

D 10,000 100 10 1 ? ?

E 100,000 100 10 1 ? ?

F 1,000,000 100 10 1 ? ?
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False	Positive	Rate	vs	False	Discovery	Rate
Test # Screened Positive	

Exams
True	Positive False	

Negative
FPR FDR

A 106 100 10 1 95% ?

B 500 100 10 1 18% ?

C 1,000 100 10 1 9% ?

D 10,000 100 10 1 0.9% ?

E 100,000 100 10 1 0.09% ?

F 1,000,000 100 10 2 0.009% ?
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False	Positive	Rate	vs	False	Discovery	Rate
Test # Screened Positive	

Exams
True	Positive False	

Negative
FPR FDR

A 106 100 10 1 95% 90%

B 500 100 10 1 18% 90%

C 1,000 100 10 1 9% 90%

D 10,000 100 10 1 0.9% 90%

E 100,000 100 10 1 0.09% 90%

F 1,000,000 100 10 1 0.009% 90%
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False	Positive	Rate	vs	False	Discovery	Rate
Test # Screened Positive	

Exams
True	

Positive
False	

Negative
Sensitivity Specificity FPR FDR

A 106 100 10 1 91% 5% 95% 90%

B 500 100 10 1 91% 82% 18% 90%

C 1,000 100 10 1 91% 91% 9% 90%

D 10,000 100 10 1 91% 99% 0.9% 90%

E 100,000 100 10 1 91% ~100% 0.09% 90%

F 1,000,000 100 10 1 91% ~100% 0.009% 90%

False Discovery Rate (aka: Rita Redberg’s False Positive Rate) NOT HELPFUL to distinguish VERY different screening tests



64 RESCUE LUNG RESCUE LIFE SOCIETY

False	Positive	Rate	vs	False	Discovery	Rate

Test # Screened Positive	
Exams

True	
Positive

False	
Negative

Sensitivity Specificity FPR FDR

A 106 100 10 1 91% 5% 95% 90%

B 500 100 10 1 91% 82% 18% 90%

C 1,000 100 10 1 91% 91% 9% 90%

D 10,000 100 10 1 91% 99% 0.9% 90%

E 100,000 100 10 1 91% ~100% 0.09% 90%

F 1,000,000 100 10 1 91% ~100% 0.009% 90%

~ Closest to Lung Screening
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NLST: National Lung Screening Trial; NLST LR: Pinsky et al NLST conversion; LHMC: Lahey CTLS program; MG: Mammography (nationwide)

RESCUE LUNG RESCUE LIFE SOCIETY

False	Positive	Rate False	Discovery	Rate

Screening
Round NLST NLST	LR LHMC MG NLST NLST	LR LHMC MG

T0 26.3% 12.6% 10.6% ~20% 96.2% 92.8% 83.1% 97%

T1 27.2% 5.3% 5.2% 5-10% 97.6% 90.3% 78.2% 95%

T2 15.9% 5.1% 5.0% 5-10% 94.8% 87.2% 84.6% 95%

False	Positive	Rate	vs	False	Discovery	Rate

Actual Lung Screening False Positive Rates
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NLST: National Lung Screening Trial; NLST LR: Pinsky et al NLST conversion; LHMC: Lahey CTLS program; MG: Mammography (nationwide)

RESCUE LUNG RESCUE LIFE SOCIETY

False	Positive	Rate False	Discovery	Rate

Screening
Round NLST NLST	LR LHMC MG NLST NLST	LR LHMC MG

T0 26.3% 12.6% 10.6% ~20% 96.2% 92.8% 83.1% 97%

T1 27.2% 5.3% 5.2% 5-10% 97.6% 90.3% 78.2% 95%

T2 15.9% 5.1% 5.0% 5-10% 94.8% 87.2% 84.6% 95%

False	Positive	Rate	vs	False	Discovery	Rate

Actual Lung Screening False Positive Rates
Rita Redberg’s, “Lung Screening False Positive Rates”
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NLST: National Lung Screening Trial; NLST LR: Pinsky et al NLST conversion; LHMC: Lahey CTLS program; MG: Mammography (nationwide)

RESCUE LUNG RESCUE LIFE SOCIETY

False	Positive	Rate False	Discovery	Rate

Screening
Round NLST NLST	LR LHMC MG NLST NLST	LR LHMC MG

T0 26.3% 12.6% 10.6% ~20% 96.2% 92.8% 83.1% 97%

T1 27.2% 5.3% 5.2% 5-10% 97.6% 90.3% 78.2% 95%

T2 15.9% 5.1% 5.0% 5-10% 94.8% 87.2% 84.6% 95%

False	Positive	Rate	vs	False	Discovery	Rate

Actual Lung Screening False Positive Rates

Rita Redberg’s, “Lung Screening False Positive Rates”

Have you ever heard of 95% false positive rates in mammography?
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What	ARE the	False	Positive	Rates	for	CT	Lung	Screening?

T0: 26.3%
T1: 27.2%
T2: 15.9%
Overall: 23.3%

T0: 12.6%
T1: 5.3%
T2: 5.1%
Overall: 7.8%

T0: 10.6%
T1: 5.2%
T2: 5.0%
Overall: 7.6%

Rescuing lives from lung cancer today and tomorrow
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“With the results of the American study National Lung ScreeningTrial (NLST), published in
2011, for the first time a lung cancer-specific mortality reduction by 20% thanks to the use
of LDCT compared to RXT, was highlighted. However, a false positive rate of 96.4% was
also described with an overdiagnosis that can be up to 78.9% for bronchioalveolar lung
cancer.”

Rescuing lives from lung cancer today and tomorrow
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“Overall, 39.1% of participants in the NLST LDCT group had at least one positive
screening test, with a false positive rate of 96.4% across the three rounds of screening.”

Rescuing lives from lung cancer today and tomorrow
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“Objective and Rationale: Lung cancer screening with low-dose CT (LDCT) has been shown
to reduce mortality by 20%, although there are concerns including high false positivity, cost,
and radiation exposure. Of note, the false positive rate of lung cancer screening with LDCT
alone was 96.4% in the National Lung Cancer ScreeningTrial.”

Rescuing lives from lung cancer today and tomorrow
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“Perhaps one of the most commonly cited critiques of the NLST is the high false-positive
rate (96.4%), which led to further diagnostic tests and unnecessary invasive procedures.
While some have suggested that this contributes to patient anxiety and worsening quality
of life (QOL), a formal analysis demonstrated no statistically significant difference in anxiety
or QOL scores between participants with false-positive results and those with normal
results.”

Rescuing lives from lung cancer today and tomorrow
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Rescuing lives from lung cancer today and tomorrow
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* ”Since only about one-third of nodules identified as needing to be tracked in the LCSDP
were 6 mm or greater, the positive rate might decline from nearly 60% to about 20%.”

Ø2106 patients screened; 1257 positive* exams; 31 confirmed lung cancers
Ø False positive* rate = (1257 – 31) / 2106 = 58.2%

“There was wide variation among sites in the percentage of screening test results that were positive for nodules or 
possible lung cancer. Overall, 1257 of the 2106 patients (59.7%) screened had a positive test result (site range, 70 of 
228 [30.7%] to 181 of 213 [85.0%]) (Table 1), including 1184 patients (56.2%) who had 1 or more nodules 
needing to be tracked (site range, 64 of 228 [28.1%] to 176 of 213 [82.6%]). Most nodules were small (<5 cm; 
710 of 1293 [54.9%]) and solid (1079 of 1293 [83.4%]) (Table 3). A total of 73 patients (3.5% of all patients 
screened) had findings suspicious for possible lung cancer and underwent further diagnostic evaluation. Lung cancer 
was confirmed for 31 of those patients (1.5%; site range, 0 of 247 to 10 of 444 [2.3%]) within the 330-day follow-
up period; 20 (64.5%) of the cancers were stage I (Table 4). The mean number of days from initial LDCT scan to 
cancer diagnosis was 137 (range, 5-330 days). The remaining 42 patients (2.0%; site range, 0 of 135 to 10 of 247 
[4.0%]) who underwent evaluation were not confirmed to have lung cancer during that time frame. The rate of false-
positive test results for lung cancer was 97.5% (1226 of 1257) during the 330-day follow-up period (Table 1).”

Ø False suspicious rate = (73 – 31) / 2106 = 2%

false discovery 
rate
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Jan 2017 JAMA Internal Medicine Article

“The rate of false-positive test results for lung cancer was 97.5% (1226 of 1257) 
during the 330-day follow-up period”

“The reason for the overall high rate of initially positive examination results in the 
VHA sites is not certain but may be owing, in part, to the older age and heavier 
smoking history of veterans screened.”

“Since only about one-third of nodules identified as needing to be 
tracked in the LCSDP were 6 mm or greater, the positive rate 
might decline from nearly 60% to about 20%”

http://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2599437

RESCUE LUNG RESCUE LIFE SOCIETY
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“Of the 2106 screened patients, 1257 (59.7%) had nodules, and 1184 (56.2%) required
tracking. Only 42 (2.0%) patients required further evaluations that did not result in a lung
cancer diagnosis, and only 31 (1.5%) were diagnosed with lung cancer within 330 days.
Overall, researchers calculated a false-positive rate of 97.5%. Incidental findings such as
emphysema, other pulmonary abnormalities, and coronary artery calcification were
observed on the scans of 857 patients (40.7%). Wide variation in processes and patient
experiences among the 8 sites was also noted.”

Rescuing lives from lung cancer today and tomorrow
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“A pair of studies in JAMA Internal Medicine illustrate the difficulties of implementing lung
cancer screening.
In the first, eight Veterans Health Administration medical centers identified and screened
patients using low-dose computed tomography (LDCT). Over 2100 patients who were
eligible for screening based on smoking history and other factors completed LDCT. Overall,
60% had nodules, but just 1.5% had lung cancer diagnosed within 330 days. The
researchers calculate a false-positive rate of 97.5%.”

Rescuing lives from lung cancer today and tomorrow
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https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2696731

Aug 2018 JAMA Internal Medicine Shared Decision Making 
article

“We identified 5385 conversations involving age-eligible patients 
occurring between April 1, 2014, and March 1, 2018. Of these, 137 met 
the key word criteria. Manual review of these transcripts yielded 14 
conversations about initiation of LCS.”

“The 14 conversations involved 10 unique physicians (5 pulmonologists 
and 5 PCPs). All physicians were in office-based group or solo private 
practice.”

1. 14 conversations, 10 physicians (0.0002% of 
eligible population)

2. Zero analysis of statistical significance
3. Study period starts one year before CMS-

required SDM visit
RESCUE LUNG RESCUE LIFE SOCIETY
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https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/2696731

Aug 2018 JAMA Internal Medicine article

“No physician adequately explained false positives or their sequelae. 
No physician discussed overdiagnosis”.

RESCUE LUNG RESCUE LIFE SOCIETY
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“Even in the highest-rated discussions, there was no mention of possible harms from the
screening by the physicians, even though these harms include a 98% false-positive rate,
which may lead to anxiety; additional testing including imaging or procedures, such as
biopsy or lobectomy; and radiation from the LDCT with the small increased risk of cancer.
Some evidence suggests that a more-rigorous and -informative SDM discussion about lung
cancer screening is occurring in theVeterans Administration system.”

Rescuing lives from lung cancer today and tomorrow
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SDM
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• Baseline LDCTS were performed in 671 patients
• The number of patients with Lung-RADS scores of 1, 2, 3, and 4 were 306 (45.6%), 233 (34.7%), 76 (11.3%), 

and 56 (8.3%), respectively
• Therefore, a positive test with a score of 3 or 4 was obtained in 132 patients (19.7%) screened at baseline
• Ultimately 18 lung cancers in 16 different patients were identified, with one patient having 3 synchronous 

primary tumors

• Overall our false-positive rate for baseline lung cancer screening among patients who completed follow up was 
77.5% [95% CI 66.0-86.5%]. 

Ø671 patients screened; 132 positive exams; 16 confirmed lung cancers
Ø False positive rate = (132 – 16) / 671 = 17.3%
Ø False suspicious rate = (56 – 16) / 671 = 6%

false discovery 
rate

RESCUE LUNG RESCUE LIFE SOCIETY

“Roughly one-fifth of patients in our community who met CMS criteria and underwent
LDCTS had a positive test result with a false-positive rate that was lower than the National
Lung ScreeningTrial false-positive rate of 96.4%.”

Rescuing lives from lung cancer today and tomorrow
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Rescuing lives from lung cancer today and tomorrow
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E
F
G
H
I

D

D: 95.5% = 106 / 111 ≠ false positive rate E: 94.6% = (259 – 14) / 259 ≠ false positive rate
F: 94.1% = 1773 / 1883 ≠ false positive rate G: 93% = (114 – 8) / 114 ≠ false positive rate
H: 92.6% = (298 – 22) / 298 ≠ false positive rate I: 92.1% = (279 – 22) / 279 ≠ false positive rate

THESE ARE ALL FALSE DISCOVERY RATES
Rescuing lives from lung cancer today and tomorrow
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Rescuing lives from lung cancer today and tomorrow

Not using 
false 
discovery 
rate when 
discussing 
ovarian 
cancer 
screening

Is	This	Misrepresentation	Happening	for	All	Cancer	Screening?
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Radiation	Exposure	

LDCT <1 mSv Years of annual 
lung screening

Mammogram .7 mSv
Lumbar Spine Films 2 mSv 2
Diagnostic Chest CT 10 mSv 10
Triphasic CT AB/P 25 mSv 25
Background 
Exposure Colorado

3 mSv/year
4.5 mSv/year 

3
4.5

Occupational 
Exposure

50 mSv/year 50

Transatlantic Flight .1 mSv 7 flights = 1 LDCT

10 -30 year latency period to develop secondary malignancies from 
RT exposure

Average age of patients in screening trials is 62

RESCUE LUNG RESCUE LIFE SOCIETY
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• DLP = 46.45 mGy-cm
• E = DLP * k
• E = 46.45 * 0.014
• E = 0.65 mSv

Lahey CTLS exams 1/1/2016 – 12/31/2017
• Group 2
• In program for all years eligible 

(age 50-80; 30 years)
• THREE screening exams a 

year
• 58.5 mSv

Example patient:

Radiation workers – 50mSV per year
RESCUE LUNG RESCUE LIFE SOCIETY
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Future Dose Reduction Opportunities

• With	continued	advances	in	technology	the	IR	
time	will	continue	to	approach,	possibly	drop	
below,	that	of	FBP

• CT	Lung	Screening	with	Second	Generation	IR	
nearing	dose	of	CXR
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Significant	Incidental	Findings

RESCUE LUNG RESCUE LIFE SOCIETY



91

Quality Metrics - Agreement on Terminology

RESCUE LUNG RESCUE LIFE SOCIETY
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Secondary Prevention
Preclinical Diagnosis 

Symptomatic

Asymptomatic

Screening

Stage I
88% 10-year OS

Stage IV
1% 5-year OS

58% 5-year OS

RESCUE LUNG RESCUE LIFE SOCIETY
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Secondary Prevention
Preclinical Diagnosis 

Asymptomatic

Stage I
88% 10-year OS

58% 5-year OS

RESCUE LUNG RESCUE LIFE SOCIETY

October 26, 2006
N Engl J Med 2006; 355:1763-1771
DOI: 10.1056/NEJMoa060476
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Overdiagnosis,	Survival,	Mortality	

Diagnosis Death

Survival

RESCUE LUNG RESCUE LIFE SOCIETY



95

Diagnosis Death

Survival

Mortality

Overdiagnosis,	Survival,	Mortality	

RESCUE LUNG RESCUE LIFE SOCIETY
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Diagnosis Death

Survival

Mortality

Death due to lung 
cancer = 20%

Lung	Cancer	Mortality

365

443

RESCUE LUNG RESCUE LIFE SOCIETY
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Diagnosis Death

Survival

Mortality

Death due to any 
cause across 
entire group= 
6.6%

Overall	Mortality

1877

2000

RESCUE LUNG RESCUE LIFE SOCIETY
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Diagnosis Death

Mortality

Overdiagnosis
Determine	time	and	cause	of	death	in	those	patients	diagnosed	and	treated	for	lung	cancer

RESCUE LUNG RESCUE LIFE SOCIETY

Patz overdiagnosis NLST excluding BAC 3%
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Methods
Adenocarcinomas

70
Tumors

98
Tumors

54
Tumors

CTLS

High Smoke Low Smoke/No smoke

Pathologic Stage I

AIS
pT1a/b
pT2a

RESCUE LUNG RESCUE LIFE SOCIETY
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•Minimally	Invasive	
Adenocarcinoma
•Lepidic Predominant
•Acinar	Predominant
•Papillary	Predominant
•Solid	Predominant
•Micropapillary Predominant

•Colloid
•Invasive	Mucinous
•Large	Cell
•Pleomorphic	Carcinoma
•Cribriform	Carcinoma

Systematic	Histologic	Evaluation	in	
5%	Increments

Mitotic grade, Visceral Pleural, or Angiolymphatic Invasion, Air Space Invasion (STAS) 

Aggressive Histologies:
>5% Micropapillary, Solid
>10%Colloid, Cribriform, Invasive Mucinous, Large Cell, Pleomorphic Carcinoma

RESCUE LUNG RESCUE LIFE SOCIETY



102

Low smoke/No smoke – 22% ALI and 4% VPI   VS  CTLS 44% ALI and 22% VPI

RESCUE LUNG RESCUE LIFE SOCIETY
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Overtly Malignant Potential 75-80% for CTLS and HS groups vs 56% for LS/NS

RESCUE LUNG RESCUE LIFE SOCIETY

Exome RNA sequencing
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An	Actuarial	Analysis	Shows	That	Offering	Lung	
Cancer	Screening	As	An	Insurance	Benefit	Would	Save	

Lives	At	Relatively	Low	Cost	
• Cost	per	life-year	saved	would	be	below	
$19,000

Pyenson et al, Health Affairs 31, No.4 770-
779: April 2012

RESCUE LUNG RESCUE LIFE SOCIETY
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What’s in the Box?
Reimbursement = Access to Screening

Access

Reimbursement

RESCUE LUNG RESCUE LIFE SOCIETY
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Who’s in The Box?
Lung Cancer Risk Factors

NLST
üAge

ü Smoking History

•Personal Cancer History
•Family History Lung Ca
•Carcinogen Exposure
•Chronic Lung Disease
•Sex
•Race
•Education
•BMI

Aberle DR, Adams AM, Berg CD, et al. Reduced lung-cancer mortality with low-dose computed tomographic screening. The New 
England journal of medicine. 2011;365(5):395-409. 

RESCUE LUNG RESCUE LIFE SOCIETY
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NCCN Guidelines®: High-Risk Groups

Group 1
(Category 1 Recommendation)

Group 2
(Category 2A Recommendation)

55–74 years old > 50 years old

Are currently a smoker or have 
quit within the past 15 years

Have smoked at least a pack of 
cigarettes a day for 20+ years

Have smoked at least a pack 
of cigarettes a day for 30+ years

Have one additional lung cancer 
risk factor, not to include 
secondhand smoke exposure

RESCUE LUNG RESCUE LIFE SOCIETY
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NCCN Model Based Risk
Group 1 vs Group 2

6	Year	Risk	of	Developing	Lung	Cancer	(PLCOm2012 Tammemagi)

Group	1:	65y, 30	PY,	Current 2.5%

Group 2:		65y,	25	PY, Current,	+Fam Hx 3.8%

Group	1:	56y,	40PY,	Current 1.5%

Group	2:	 53y,	40PY, Current,	+Fam Hx 2.1%

Group	1:	65y,	30PY,	Quit	x 6y 1.6%

Group	2:		65y,	30PY,	Quit	x 18y,	+Fam Hx 2.0%

Available online athttp://www.brocku.ca/lung-cancer-risk-calculator 

Tammemagi MC, et al. Selection Criteria for Lung-Cancer Screening. New England Journal of Medicine. 2013;368(8):728-36.

RESCUE LUNG RESCUE LIFE SOCIETY
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OOTB: > 30 PY & > 15 Quit Years

Current Smokers

Never Smokers

Quit age 60-64

Quit age 55-59

Quitting after age 50 reduces the risk of lung cancer death compared with current 
smokers, but following a plateau after cessation, risk of lung cancer death rises 
significantly

(Halpern, et al. JNCI 1993;85(6)

RESCUE LUNG RESCUE LIFE SOCIETY
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OOTB: > 30 PY & > 15 Quit Years
PLCO

Tammemagi MC, Church TR, Hocking WG, Silvestri GA, Kvale PA, et al. (2014) Evaluation of the Lung Cancer Risks at Which to Screen Ever- and Never-
Smokers: Screening Rules Applied to the PLCO and NLST Cohorts. PLoS Med 11(12): e1001764. doi:10.1371/journal.pmed.1001764

Pinsky PF, Zhu CS, Kramer BS. Lung cancer risk by years since quitting in 30+ pack year smokers. Journal of medical screening. 2015;22(3):151-157.

RESCUE LUNG RESCUE LIFE SOCIETY
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OOTB: > 30 PY & > 15 Quit Years

• Gradual	decrease	with	years	since	quit
– No	dramatic	drop-off	after	15	years
– Substantial	elevated	risk	vs never	smokers	even	at	30	years	since	quit.	

• Cigarettes	per	day	higher	in	30PY	former	smokers	than	current	smokers.

• Histology	of	lung	cancer	in	Over	15	QY	more	similar	to	current	than	never	
smokers.	

• “Although	a	15	year	limit	may	be	reasonable,	other	limits	may	also	be	
valid.”

• Removing	the	15	QY	limit	would	increase	screening	qualified	population	
by	3	million	individuals

Pinsky PF, Zhu CS, Kramer BS. Lung cancer risk by years since quitting in 30+ pack year smokers. Journal of medical screening. 2015;22(3):151-157.

RESCUE LUNG RESCUE LIFE SOCIETY
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Lung Cancer Survivors

• AATS:	Annual	surveillance	for	life
– Patient	must	have	ability	to	undergo	curative	therapy

• Group	excluded	from	randomized	trials

• 3%	risk	of	lung	cancer	diagnosis	each	year
– 13-20%	develop	other	second	primary	lung	tumor	or	other	aerodigestive

tumor	at	6-8	years	post	therapy
– Lung	Cancer	Study	Group	- incidence	of	2nd Primary	Lung	Ca	>	5	years	post	

treatment	is	twice	that	of	what	is	seen	in	first	5	years	post	surgery

• >	400,000	survivors	in	the	United	States
Jaklitsch MT, Jacobson FL, Austin JH, et al. The American Association for Thoracic Surgery guidelines for lung cancer screening using low-dose 
computed tomography scans for lung cancer survivors and other high-risk groups. The Journal of thoracic and cardiovascular surgery. 2012;144(1):33-38. 

RESCUE LUNG RESCUE LIFE SOCIETY
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Out of the Box
AATS Recommendation

• USPSTF	&	no	QY	
limit

• >50,	>20	PY,	>5%	risk	
of	lung	cancer	in	5	
years.

• Lung	Cancer	
Survivors

Jaklitsch MT, Jacobson FL, Austin JH, et al. The American Association for Thoracic Surgery guidelines for lung cancer screening using low-dose 
computed tomography scans for lung cancer survivors and other high-risk groups. The Journal of thoracic and cardiovascular surgery. 2012;144(1):33-38. 

RESCUE LUNG RESCUE LIFE SOCIETY
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Forget the Box?
Community Benefit Screening

Reimbursement

ØCompliance Approval
ØNo reimbursement
ØNo advertisement
ØAll or nothing

Good Luck!

RESCUE LUNG RESCUE LIFE SOCIETY
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Population	Health

RESCUE LUNG RESCUE LIFE SOCIETY

• Smoking	Cessation
• Coronary	artery	calcifications
• Emphysema/COPD
• Quantitative	Imaging
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Atlas of COPD, Springer Science. 2008

Applications of Imaging

-Airway Disease

-Parenchymal Disease

-Vascular Disease

-Extra-Pulmonary

Quantitative Computer Tomography Applications
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Coronary	Artery	Calcifications

RESCUE LUNG RESCUE LIFE SOCIETY
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Coronary	Artery	Calcifications

RESCUE LUNG RESCUE LIFE SOCIETY

93.9%	of	the	cohort	had	LDL	measured	at	least	once

Patients	with	total	CAC	score	>400 20.0%	(111/554) goal	of	<70

Patients	with	total	CAC	score	>400	56.7% (314/554)	 goal	of	<100

Patients	with	total	CAC	score	>400	84.8% (470/554)	goal	of	<130

Patients	with	total	CAC	
score	>400 only	
27.6% average	systolic	
BP	of	last	two	
documented	readings	is	
at	goal	<140
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Quantification of Emphysema on Chest CT

• 30%	Admission	rate
• Emphysema	on	CT	50%	
• ILA	on	CT	6%
• Bronchiectasis	on	CT	6%

Patients	with	Qualitative	Emphysema	
on	baseline	CT
Only	32% (315/938)	were	ever	seen	
by	pulmonary	prior	to	baseline	CT

Patients	with	ILA:
Only	21.2% (22/104) were	ever	seen	
by	pulmonary	prior	to	their	baseline	
CT

Patients	with	Bronchiectasis	on	
baseline	CT
Only	32% (20/62)	were	ever	seen	by	
pulmonary	prior	to	their	baseline	CT
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Broad Screening Endorsements
Risk Management

• Following	NLST	publication	and	the	NCCN	Guidelines®		many	additional	
medical	societies	have	recommended	LDCT	screening		(0	before	the	NLST):

– National	Comprehensive	Cancer	Network	(NCCN)
– American	Lung	Association		(ALA)
– American	Thoracic	Society	(ATS)
– American	College	of	Chest	Physicians		(ACCP)
– American	Society	of	Clinical	Oncology	(ASCO)
– American	Association	for	Thoracic	Surgery		(AATS)
– American	Cancer	Society (ACS)
– American	Association	of	Bronchology and	Interventional	Pulmonology (AABIP)
– Society	of	Thoracic	Radiology (STR)	
– Society	of	Thoracic	Surgeons (STS)
– International	Association	for	the	Study	of	Lung	Cancer (IASLC)
– Oncology	Nursing	Society	(ONS)
– European	Society	of	Thoracic	Surgeons	(ESTS)
– American	College	of	Radiology (ACR)
– Cancer	Care	Ontario (CCO)
– United	States	Preventative	Services	Task	Force	(USPSTF)
– Centers	for	Medicare	&	Medicaid	Services	(CMS)

RESCUE LUNG RESCUE LIFE SOCIETY



123 RESCUE LUNG RESCUE LIFE SOCIETY



124

• “…juries	confronted	with	a	plaintiff	patient	who	develops	cancer	or	
other	serious	disease	for	which	a	screening	test	was	available	but	
not	ordered	by	the	patient’s	physician,	tend	to	find	that	the	
physician’s	failure	to	order	the	test	was	negligent.”		

• “Lawsuit	Follows	Death	of	Woman	When	Doctors	Failed	to	Screen	
Her	As	Per	Cancer	Screening	Guidelines”

• DC	Jury	Awards	$5M	for	Failure	to	Screen	for	cancer	– June	25,	
2012

• “…family	claimed	that	his	Washington-based	doctor,	Dr.	…,	failed	to	
perform	the	full	scope	of	screening	laid	out	in	guidelines	from	
national	health	organizations.”		

Berlin, L. AJR December 2002 vol. 179 no. 6 1401-1405

Failure to Screen Lawsuits
Risk Management

RESCUE LUNG RESCUE LIFE SOCIETY
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Kotter’s	Organizational	Change

ACCC Oncology Times March/April 2014

RESCUE LUNG RESCUE LIFE SOCIETY
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4B:	Adenocarcinoma,	Grade	3/4,	
T1a	(2cm),	N0,	M0	à Stage	IA

2007

Screen

RESCUE LUNG RESCUE LIFE SOCIETY



CTLS Program Volume, Active Enrollment, and Cancers Diagnosed per Year
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Example	MD	Referrals	by	Year

#	Referrals %	Referrals
who	qualify

%	Qualified
who	get	
scanned

%	Referrals
who	get	
scanned

Average	Lahey	MD 20 91.5% 86.2% 78.9%
Example	MD 157 84.7% 83.5% 70.7%

Age
Years	Quit
(former	
smokers)

Pack	
years Male Group	1

Average	Lahey	patient 62.6 9.6 47.9 56.1% 78.4%
Example MD patient 61.2 12.2 45.2 64.9% 60.4%

• Current smokers at baseline reporting having quit at time of most recent scan
o Quit rate: 19.4%

• Former smokers at baseline reporting smoking again at time of most recent scan
o Relapse rate: 1.7%

• Significant incidental findings (S positive) in 9% ; 0 extrapulmonary malignancies

• Two patients diagnosed with lung cancer through screening – 1.8% CDR
o Stage IA adenocarcinoma
o Stage IB squamous cell carcinoma

CT Lung Screening MD Summary

MRN Status Date	Discharged
1 90	Day	Letters	Sent 10/11/2017
2 90	Day	Letters	Sent 4/6/2016
3 90	Day	Letters	Sent 1/12/2016
4 90	Day	Letters	Sent 11/10/2015
5 90	Day	Letters	Sent 10/22/2015
6 90	Day	Letters	Sent 4/23/2015
7 90	Day	Letters	Sent 2/6/2015
8 90	Day	Letters	Sent 2/2/2015
9 90	Day	Letters	Sent 10/29/2014
10 90	Day	Letters	Sent 10/24/2014
11 90	Day	Letters	Sent 9/8/2014
12 Qualified,	Never	Scanned 6/23/2017
13 Qualified,	Never	Scanned 3/17/2017
14 Qualified,	Never	Scanned 2/17/2017
15 Qualified,	Never	Scanned 7/16/2014
16 Qualified,	Never	Scanned 6/20/2014
17 Qualified,	Never	Scanned 2/18/2014
18 Qualified,	Never	Scanned 2/7/2014
19 Qualified,	Never	Scanned 11/20/2013
20 Qualified,	Never	Scanned 7/30/2013
21 Qualified,	Never	Scanned 6/26/2013

Patients Lost to Follow Up

Group 2 patient
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https://www.lungcancerscreeningguide.org

RESCUE LUNG RESCUE LIFE SOCIETY

NLCRT Quality Metrics Workgroup
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Race Lung	screening	
program

Lahey	overall	(FY	
2014)

American	Indian	/	Alaskan	Native 0.09% 0.10%
Asian 0.65% 3.50%
Black 0.39% 1.60%

Hispanic 0.30% 1.80%
White 98.57% 86.20%

Latin	American N/A 0.20%
Other	/	Declined N/A 6.50%

Race Breakdown in the 
Lung Screening Program
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Future
• Act	locally	to	change	organizational	culture

• Remove	barriers	to	CTLS

– Rescue	Lung,	Rescue	Life	Society:	Rescuing	lives	from	lung	cancer	today	and	tomorrow

• Research	Opportunities

– Smoking	cessation,	population	health,		and	value	based	medicine

– Molecular	adjuncts

– ACO	environment

• Advocacy

– Access	for	remote	populations	and	minorities	– May	17th meeting,	MN

– Expanding	coverage	to	other	risk	groups

– State	based	initiatives- Massachusetts	State	quality	collaborative	third	in	person	meeting		May,	9,2019

– Public	education	campaigns

RESCUE LUNG RESCUE LIFE SOCIETY
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Vision:	Rescuing	Lives	From	Lung	Cancer	Today	and	Tomorrow

Mission:	Saving	lives	from	lung	cancer	through	implementing	
high	quality	CT	lung	screening	today	and	pioneering	early	

detection	innovations	tomorrow			

Who	We	Are:	We	are	a	multidisciplinary,	care-giver	driven,	
voluntary	organization	providing	team-based	solutions	to	
empower	lung	health	through	prevention	and	early	detection

Values:	Innovation,	evidence-based	practices,	interdisciplinary	
teamwork,	solution-focused,	quality	driven	
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Founding	Board	of	Directors

• Andrea	McKee,	MD	Radiation	
Oncology	LH

• Jacob	Sands,	MD	Medical	
Oncology	DFCI

• Shawn	Regis,	PhD	
Navigation/Research	Scientist	LH

• Andrea	Borondy-Kitts,	MS	MPH	
Patient	Advocate	LH

• Kimberly	Rieger Christ,	PhD	Research	
Scientist	LH

• Eric	Burkes,	MD	Pathologist	BMC
• Jennifer	Lewis,	MD	Medical	Oncology	

Vanderbilt
• Carla	Lamb,	MD	Interventional	

Pulmonology	LH
• Elliot	Servais,	MD	Thoracic	Surgery	LH
• Robert	Faust,	MD	Internal	Medicine	

LH
• Brady	McKee,	MD	Radiology	LH

Officers



136

Thanks!

www.laheyhealth.org/lungscreening
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