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• People generally listen to the advice 
of their physicians (for testing)

• A robust screening program will 
successfully screen the majority of 
qualifying patients in the system
• This has been demonstrated in 

multiple hospitals
• The physicians perspectives always 

impact rates of testing/treatment

Increasing Lung Cancer Screening



• How much does low dose CT screening (LDCT) actually affect outcomes?

• What are the risks?

Important questions for perspective



Nivolumab in Lung Cancer Celebrated

Brahmer et al. NEJM 2015



LDCT also showed significant mortality improvement

NLST, NEJM 2011

Brahmer et al. NEJM 2015



National Lung Screening Trial

Slide by Andrea McKee





Prolonged Lung Cancer Screening Reduced 10-year Mortality in the 
MILD Trial: New Confirmation of Lung Cancer Screening Efficacy

Pastorino et al. Annals of Onc 2019 



Lahey Hospital & Medical Center Lung Cancer Database

127

106

Equal early and late stage

More stage I than stage IV

132

80

Slide by Andrea McKee



USPSTF Recommendation for LDCT



Lung Cancer Deaths 
Preventable by 
Screening, %

Annals of Internal Med. Vol 168(3) pgs 229-232



• Breast Cancer
• 42,260 estimated deaths

• Lung Cancer
• 142,670 estimated deaths

• Decreasing lung cancer 
mortality by 50% would 
save more lives than 
curing breast cancer

Perspective

Year 2019:
142,670

Year 2019:
Total cancer deaths
606,880

Cancer Facts & Figures 2019, American Cancer Society



Slide by Pham et al. ASCO 2018



Why isn’t LDCT being done???



• Do we (the medical community) believe screening is important?
• This recently seems to be what is changing most! 

• Radiation exposure from multiple scans?
• Unnecessary interventions for “false positives”?
• Are we over-treating indolent cancers?
• Costs?
• Will this overly strain hospital systems?
• Do individuals want to participate in screening?

What are the risks?



• Smoking wasn’t always known to be so bad and is highly addictive!
• We even gave them to many of our soldiers

Stigma is an important part of the discussion



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
11.8 mSv/year 

3
11.8

Occupational Exposure 50 mSv/year 50

Transatlantic Flight .1 mSv 10 flights = 1 LDCT

10 -30 year latency period to develop secondary malignancies from RT exposure
Average age of patients in screening trials is 62 Slide by Andrea McKee



• IELCAP reported baseline positive results of 10.2% with 6mm 
guideline compared to 16% at 4mm without any false negatives

• American College of Radiology, Lung-RADS
• ACR adopted 6mm as minimum nodule size
• Ground glass opacity cutoff 2cm
• Duration of nodule stability 3 months (decreased from 2 yrs)

False Positives



• Review of 2180 high-risk patients in LDCT screening protocol

• ACR Lung-RADS reduced overall positive rate from 27.6% to 10.6%.

Retrospective Review of Lahey Database



NLST vs ACR

McKee et al. JACR 2015 



NLST vs ACR

McKee et al. JACR 2015 



NLST vs ACR

McKee et al. JACR 2015 



NLST vs ACR

McKee et al. JACR 2015 



NCCN Guidelines Recommendations



What is a “positive” scan?



About 70% early stage cancers

22 early stage

8 late stage



What is a “positive” scan?



What is a “positive” scan?

66.5%

Pure ground glass <20mm 
is not currently considered 
a “positive” scan



• But they called ANY nodule “positive” vs NLST that used >4mm
• Even a 4mm nodule would not be considered “positive” by LungRADS

What is a “positive” scan?



• Multiple publications report “false positive” rates that are overstated.
• This review is quoting a study that called ALL nodules positive
• “False positive” is also often mis-stated. “False Discovery Rate” is the appropriate term

“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 the Veterans Administration system.”

Slide adapted from Andrea McKee



Inflated “false positive” rates leave everybody confused

Lewis J, et al. JNCCN 2019 

Low Provider Knowledge Is Associated With 
Less Evidence-Based Lung Cancer Screening



• False Positive Rate = The ratio of the number of false positive results 
to the total number of disease absent

• False Discovery Rate = The ratio of the number of false positive results 
to the number of total positive test results

“False Positive” vs “False Discovery” Rate

FPR = B/(B+D)
Slide adapted from 
Shawn Regis



False Positive vs False Discovery

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%

NLST: National Lung Screening Trial NLST LR: Pinsky et al NLST conversion

LHMC: Lahey CTLS program MG: Mammography (nationwide)
Slide by Shawn Regis 
and  Andrea McKee



Program population shifts as it matures

Slide by 
Brady Mckee



• Most nodules considered “positive” are monitored without intervention.
• Nodules 6-8mm are considered “positive” in LungRADS and called “probably benign”
• They do NOT all get surgery

Perspective on False Discovery

Walker et al. Ann 
Thorac Surg 2015



• This is the topic that seems to have 
the most misunderstanding

• At the same time, this is the area of 
most needed research
• How can we stratify the indeterminate 

nodules? 

“False Positive”



• Higher incidence of 
“lepidic predominant” 
does not necessarily 
mean they do not have 
an aggressive sub-type

Are we overtreating indolent cancers?

Pending submission update to Burks E, et al. ASCO 2017 

Frequency of Aggressive Histologic Patterns



• Excluded 150 NLST participants from analysis (48 had lung cancer) due to 
not having adequate info to project survival
• More in CT group (probable bias against CT)

• Assumed CT screening program did not affect smoking status
• This analysis performed with NSLT (not ACR)

Cost to the System

Black et al. NEJM 2014



• Another cost analysis 
evaluating 2 different 
cohorts of lung 
screening

Cost to the System

Villanti AC, et al. PLOS ONE 2013



Cost to the System

Huang M, et al. PharmacoEconomics 2017
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ICER Perspective

Pembro Osimertinib

LDCT (Black) LDCT (Cressman)

LDCT (Villanti)

Osimertinib: Soria et al. 
NEJM 2018

Pembro: Huang et al. 2017

Aguiar, et al. JAMA Onc 2018



• It is common for busy 
clinicians to be concerned 
about getting 
overwhelmed with many 
additional office visits

Will LDCT program strain hospital systems?



~95%  (~3% total) (<1% total)      ~25%

75%    (15-20% total)

Baseline CT Lung Screening Exam

Return in one year 
for annual scan

Return for follow up 
in less than one year

Finding outside the lungs 
requiring follow up

75-80% 20-25% ~9%

Follow up CT scan in 
1-6 months

Recommend 
specialist consult

(5-7% total)       25%

Annual CT Lung Screening Exam

Return in one year 
for annual scan

Return for follow up in 
less than one year

Finding outside the lungs 
requiring follow up

85-90% 10-15% ~2%

No invasive procedure
(CT, PET, multidisciplinary consult)

Invasive procedure
(non-surgical biopsy, bronchoscopy, surgery)

50%     (2-4% total) (2-4% total)       50%

Not lung cancer (Return to screening)

Lung cancer (Receive treatment)
~5%   (<0.25% total) (~2% total)      ~75%

35,500

1000

2000

8000

700

If 35,500 individuals in 
Delaware are eligible…

Adapted from slide 
by Shawn Regis



~95%  (~3% total) (<1% total)      ~25%

75%    (15-20% total)

Baseline CT Lung Screening Exam

Return in one year 
for annual scan

Return for follow up 
in less than one year

Finding outside the lungs 
requiring follow up

75-80% 20-25% ~9%

Follow up CT scan in 
1-6 months

Recommend 
specialist consult

(5-7% total)       25%

Annual CT Lung Screening Exam

Return in one year 
for annual scan

Return for follow up in 
less than one year

Finding outside the lungs 
requiring follow up

85-90% 10-15% ~2%

No invasive procedure
(CT, PET, multidisciplinary consult)

Invasive procedure
(non-surgical biopsy, bronchoscopy, surgery)

50%     (2-4% total) (2-4% total)       50%

Not lung cancer (Return to screening)

Lung cancer (Receive treatment)
~5%   (<0.25% total) (~2% total)      ~75%

125

4

8

30

3

If 2500 individuals in PCP 
panel and 5% qualify for LDCT

Adapted from slide 
by Shawn Regis

11



~95%  (~3% total) (<1% total)      ~25%

75%    (15-20% total)

Baseline CT Lung Screening Exam

Return in one year 
for annual scan

Return for follow up 
in less than one year

Finding outside the lungs 
requiring follow up

75-80% 20-25% ~9%

Follow up CT scan in 
1-6 months

Recommend 
specialist consult

(5-7% total)       25%

Annual CT Lung Screening Exam

Return in one year 
for annual scan

Return for follow up in 
less than one year

Finding outside the lungs 
requiring follow up

85-90% 10-15% ~2%

No invasive procedure
(CT, PET, multidisciplinary consult)

Invasive procedure
(non-surgical biopsy, bronchoscopy, surgery)

50%     (2-4% total) (2-4% total)       50%

Not lung cancer (Return to screening)

Lung cancer (Receive treatment)
~5%   (<0.25% total) (~2% total)      ~75%

1000

28

56

225

20

Adapted from slide 
by Shawn Regis

8 PCP practices of 
2500 patient panels 

90



Metrics of Positive Scans and Cancer Dx by Years

McKee et al. JNCCN 2018



• Essentially, yes.
• Hospital systems with well-coordinated programs see screening routinely being 

accomplished for >70% of the estimated eligible population.

• Not many people want to get colonoscopies. They undergo biopsies to 
determine cancer, and we accept it without concern when they are 
benign. Why is lung cancer screening discussed so differently?

Do individuals want to participate in screening?



• Patient Flow
• Ordering the scan (PCP or other setting)
• Radiologist interpretations/reads
• Nodule follow up

• Program Level
• Managing the program: Navigator
• Managing the data: Database
• Submission to CMS approved registry
• Integrated smoking cessation program

Important Aspects of Lung Screening

Requires investment in 
infrastructure



• It’s not a matter of “everybody doing their 
respective roles”

• Everybody must understand how their 
actions impact others respective roles in 
caring for each patient

Important Aspects of Lung Screening



• For most systems, this is done by the PCP
• Shared decision making
• Smoking cessation (ideal is option of referral to specialist in smoking cessation)
• Accurate smoking history is important to determine

• This can be done by medical assistants, but the specific questions should be outlined

• A multi-disciplinary steering committee (including a PCP) can help to 
streamline the system for busy PCPs
• Automatic EMR alerts/reminders
• Pre-built forms for increased efficiency

Ordering the scan



• Reading a LDCT scan is NOT the same as reading a regular chest CT
• Radiologists must specify the category for any lung nodules

• Reads such as “3mm nodule, cannot rule out cancer” or “5mm nodule was 
4mm on prior scan. Could represent cancer. Clinical correlation required.” add 
to confusion for PCPs and patients. 
• Scans should be interpreted within the system used in that hospital. The 

nodules should be mentioned, but the above text would be more helpful 
stating nodules as they are seen and scoring as Lung-RADS 2: LDCT in 12 mos
• Providing a 1mm range (such as 4-5mm) is helpful to understanding if there has truly 

been growth. 

Scan Interpretation



• Specialty clinic for suspicious nodules

• Favor pulmonology (but variation in 

hospitals of specialty for bronch

biopsy 

• Specific training of staff about 

communication with patients on 

monitoring nodules

• Patients worry about a nodule being 

cancer and insist on surgery

Nodule Management

• Urologists completed 1 hour training about 
discussing active surveillance for low-risk 
prostate cancer

• Relative reduction: 30% in risk of 
unnecessary therapy

Ehdaie B, et al. Eur Assoc Urol. 2017



• Multi-disciplinary steering committee (including primary care!)
• All initial scans ordered from PCP (or specialized lung center if present)
• Shared decision making
• EMR best practice alert

• Radiologists read strictly by guidelines
• Suspicious findings (Lung-RADS 4) referred to specialist 
• Pulmonology and/or Thoracic Surgery

• Program coordinator/navigator
• Maintains database and program eligibility integrity

Important Parts of a Lung Screening Program



Best Practices for Increasing Lung Cancer Screening

• Education of medical teams/hospitals about the risks and benefits are 
very important for improving screening rates. 
• PCPs have been getting mixed signals.

• Development of lung screening programs requires multi-disciplinary 
coordination and resources for program navigator(s) and a database



Lung Screening Implementation Guide

https://www.lung.org/about-us/media/press-releases/lung-cancer-screening-implementation-guide-2.html

https://www.lung.org/about-us/media/press-releases/lung-cancer-screening-implementation-guide-2.html


• Survey sent out to lung screening 
centers to characterize screening 
practices, assess barriers, identify 
needs for information and 
support.
• LCWG then established a learning 

collaborative to address needs 
identified in the survey

Massachusetts State Based Initiative

Slide adapted from 
Andrea McKee



• Most sites reported operating 
below capacity
• Greatest challenges/barriers

• Lack of infrastructure/resources
• Coordination of follow-up scans
• Limited staff for workload
• Data tracking
• Getting accurate info from 

providers
• Desire to learn about data 

tracking, shared decision making, 
smoking cessation counseling, 
and documentation of these

Survey Findings

Specific Findings Massachusetts Lung Cancer Screening Site Survey

62% had multidisciplinary governance group

82% used a decentralized model for shared decision making 

Average number screened/month = 65 with 21% of sites screening over 
100 and 45% having capacity to screen over 100/month

36% of sites reported <75% of participants received annual follow up 
LCS exam and 29% didn't know how many had received their follow up 

44% reported participants were evaluated by physician team

24% capture whether radiologist recommendation was completed 
and/or track complications of biopsies

Slide adapted from 
Andrea McKee



• Educate staff about the risks/benefits of lung screening
• Form a multi-disciplinary team (including PCP!)
• Create workflow for ordering (including shared decision making and 

smoking cessation counseling)
• Radiologists must read scans by specific guidelines
• Nodule management plan

• Resources for individual(s) to manage the program
• Database

Best Practices for Increasing Lung Cancer Screening



• Educate staff about the risks/benefits of lung screening
• Form a multi-disciplinary team (including PCP!)
• Create workflow for ordering (including shared decision making and 
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• Nodule management plan
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Best Practices for Increasing Lung Cancer Screening



There are a lot of lives depending on us!


