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Screening

Why should we screen?

Lung Cancer: Global Impact

Most common cause of cancer death 

1.8 million new lung cancer cases per year

1.6 million deaths per year (more than TB, 
malaria, HIV)

Leading Five Causes of Cancer Deaths
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Trends in 5-year relative survival rates (%) by year 
of diagnosis, United States 1975 - 2009

Improved survival related to:

–Focused research

–Better treatments

–Early detection

Site 1975-1977 1987-1989 2003-2009

Breast (female) 75 84 90*

Colon 51 60 65*

Prostate 68 83 100*

Lung 12 13 18*

*statistically significant compared to 
1975-1979
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Screening

� Evaluation of a disease in an asymptomatic, at 
risk individual

� Goals:

- detect disease early

- benefit outweighs harm

screening benefit = improved mortality

Screening

What are the benefits and harms of 
screening?
– Evidence behind NLST and USPSTF 

recommendations

NSCLC survival according to pathologic stage

Goldstraw. JTO 2007; 2:706-714

Lung Cancer Screening Over the Decades

1970-80s:  CXR/sputum cytology (1970s) – randomized trials 
demonstrating no mortality benefit with screening

– Johns Hopkins/MSKCC

– Mayo

– MSKCC

1990s:  Low-dose chest CT – observational studies 
demonstrating improved survival but not powered to 
demonstrate mortality benefit

– ELCAP (IELCAP)

– Mayo Clinic

– Japan

Current:  Low-dose chest CT – randomized trials

– NLST (2011)

– Ongoing studies:  DANTE, NELSON, ITALUNG…

- Asymptomatic 55-74 y/0, ≥ 30 pk-yrs 
smoking, current smoker or quit within 
15 years

- Risk of lung cancer 2-3% over 6 years

- Majority of screened-detected cancers 
were stage I

- A 20% reduction in lung cancer mortality

- Need to screen 302 patients to prevent 
one death from lung cancer

The National Lung Screening Trial Research Team, NEJM, Vol. 365, Figure 1, 2011

NLST - Stage Distribution of NSCLC

All Stages Stage
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Date of download: 
4/7/2014

Copyright © American College of Physicians. 
All rights reserved.

From: Screening for Lung Cancer: U.S. Preventive Services Task Force Recommendation
Statement

Ann Intern Med. 2014;160(5):330-338. doi:10.7326/M13-2771

Screening for lung cancer: clinical summary of U.S. Preventive Services Task Force
recommendation.

Figure Legend:

Issues with 
Lung Cancer Screening:

Balancing the Benefits and 
Risks

LDCT Screening for Lung Cancer:  

Benefit

– 20% relative reduction in lung cancer mortality

Risks

– High false positive rate

– Increase in  further noninvasive diagnostic imaging

Radiation exposure

– Increase in invasive diagnostic procedures 

Biopsies

Surgery (“unnecessary”)

Phychological harms

Financial strains

LDCT Screening:   False Positive Rate

NLST false positive rate was 96%

Aberle et al. N Engl J Med 2011;365:395-409

• Characteristics and smoking history 
virtually identical between two groups

• Most people screened were younger, 55-64
• Younger than 55 excluded and elderly 

under-represented

• Mostly white 

• Most had a higher level of education

• Were more likely to be former smokers

• Adherence to screening was high 95%

• Possible ““““healthy-volunteer”””” bias
• Better educated, more health-

conscious, better access to care

The National Lung Screening Trial  
Demographics Demographics: NLST vs. US population

NLST US Census Survey

Male/Female 59/41 58.5/41.5

Age 55-59 42.8 35.2

Age 60-64 30.6 29.3

Age 65-69 17.8 20.8

Age 70-74 8.8 14.7

% Black 4.4 5.5

% Hispanic 1.7 2.4

Current smoker 48.2 57.1

College education 31.5 14.4

Aberle, et al. JNCI. 2010
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NLST Study Control

• Location of care
– Enrolled in Urban, tertiary care hospitals

• 82% large academic centers( >400 beds)

– Expertise in all aspects of cancer care
• 76% NCI designated cancer centers

• Radiographic Interpretation 
– Dedicated chest radiologists
– Recommendations for follow-up

Nodule Management – Invasive interventions

LDCT screening studies sampling:
– NELSON: Dutch Belgium lung cancer screening trial
– DLSCT: Danish Lung cancer screening trial
– NLST: National Lung Screening Trial
– DANTE: Italian lung cancer screening trial

Study Surgical biopsy or 
procedure, frequency

Benign 
result

NELSON 2009 2% 30%

DLCST, 2009 1.2% 32%

NLST, 2011 2.6% 24%

DANTE, 2009 5.6% 24%

Generalizability: Nodule Management

• Cross sectional analysis of 4 states (CA, FL, 
NY, MI)
– 15,865 adults CT-guided biopsy 

– 2 fold variation in the use of CT-guided biopsy

• Invasive procedures with risk of harm
– 1% risk of bleed ->1/3 require transfusion (18%)

– 15% risk of pneumothorax  -> 6% require chest tube

• Older age, smokers, & COPD higher risk of 
complication

Generalizability

• Surgical mortality
– NLST: 1%
– National average: 3-5% lobectomy

High volume 
centers1

Dedicated Thoracic 
Surgeons2

Better 
outcomes

1. Bach et al. NEJM.2001
2. Silvestri et al. Chest. 1998

Physical harm – Potential for a screening procedure to cause physical injury to 
patient.

Psychological harm – Immediate and long-term psychological strain caused by 
screening (e.g., a patient’s screening test is positive but additional testing is 
inconclusive, requiring the patient to undergo further surveillance over time without 
knowing whether he or she has a serious condition).

Financial strain – From initial screening to follow-ups and monitoring, each medical 
intervention will increase the financial burden on patients, possibly interfering with their 
financial planning and security

Missed opportunities – From the need to miss work to have the initial test to further 
time to have additional testing – the screening process requires multiple visits and 
testing. This all becomes a distraction, taking time and attention away from people 
trying to attend to healthy lifestyle and to taking part in the everyday activities of work 
and family life.

Proposed taxonomy with 4 domains of harm from screening that can occur at any 
step of the screening cascade:

The Harms of Screening
A Proposed Taxonomy and Application to Lung Cancer Screening

Harris R, et al. JAMA Intern Med 2014;174:281- Screening

Who should we screen?
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What we don’t know

Who should undergo CT screening?
– Does everyone included in NLST benefit?

(NLST 10 yr risk varies from 2%-20%; average  
~10%) Unclear which groups experienced benefit

– Are risk models accurate enough to base an 
extrapolation on?

– What about other risk factors 
(i.e. family history, previous history of tobacco related 
cancer, occupational exposure)?

For entire cohort:
20% ↓ in Lung Ca deaths

74 y.o, still 
smokes 3 ppd

55 y.o, quit 
15 yrs ago

10 yr risk for average NLST participant (62 y/o with 50 pk/yr): ~10%

20%2%

Greater
Benefit?

Less (or no?)
Benefit?

Participant Example

# of Lung Ca 
deaths without 

screening 
per 1000 pts

# of Lung Ca 
deaths averted 
by screening 
per 1000 pts

# of pts needed to 
scan for 3 yr 

to avoid 
1 Lung Ca death

High risk NLST 
pt

70 y.o. ♂ current 
smoker 2 ppd x 55 yrs

60.9 12.2 82

Typical NLST pt
62 y.o. ♂ current 
smoker 1 ppd x 35 yrs

19.5 3.9 256

Minimum eligible 
NLST pt

55 y.o. ♀ former 
smoker 1 ppd x 35 yrs

4.0 0.8 1.285

Minimum eligible 
NCCN pt

50 y.o. ♂ former 
smoker 1 ppd x 20 yrs, 
quit 10 yr ago, occup 
asbestos

1.6 0.3 3,180

Low risk eligible 
at Sequoia Hosp

40 y.o. ♀ former 
smoker 1 ppd x 10 yrs, 
quit 15 yrs ago

0.1 0.02 35,186

Screening: Risk Vs. Benefit

We should think carefully about extending the criteria for 
screening

The impact of co-morbidities may be particularly important:

– As risk of lung cancer increases, so do competing causes of death 
(age, COPD, heart disease, stroke, etc)

– People with more comorbidities may be less able to get optimal 
treatment if cancer is found

– People with more comorbidities may be at higher risk of 
complications related to screening

Screening: Risk Vs. Benefit

A “net benefit” may not be  realized in people with 
lower risk of lung cancer

– Weigh the greater  impact of unintended harms in 
people with lower risk

– The impact of complications/harms may be greater in 
healthier populations

Targeted screening

USPSTF, NCCN, AATS expanded criteria for screening to 
include more individuals than specified by the NLST

– Benefit:  include more people at risk to try to save more lives

– Harms:  more false positives, more invasive procedures, 
more cost

Kovalchik et al. Targeting of Low-Dose CT Screening According 
to the Risk of Lung Cancer Death. NEJM 2013; 369:245-254.

Identify the individuals within the NLST at highest risk and 
focus on screening them

– Benefits: include fewer people but those at higher risk, fewer 
false positives, fewer unnecessary invasive procedures, less 
cost

– Harms:  diagnose fewer lung cancers, save fewer lives

Targeting of Low-Dose CT Screening According to the
Risk of Lung-Cancer

N Engl J Med 2013; 369:245-.

Risk-prediction model for lung cancer mortality developed in NLST 
population and validated using the PLCO database (variables: age, BMI, 
fam hx, pk-yrs smoking, yrs since quitting, emphysema)

5 quintiles of risk identified (approximately 5300 subjects in each quintile)

Risk 
Quintile

Lung 
cancer 
cases

Lung 
cancer 
deaths

Positive 
results (False 
positive rate)

False positives 
per prevented 
lung cancer death

Number 
needed to 
screen

1 71 20 1648 (97.0%) 1648 5276

2 105 35 1806 (96.1%) 181 531

3 182 45 1911 (94.4%) 147 415

4 263 73 1973 (92.9%) 64 171

5 462 181 2146 (88.5%) 65 161

Risk of lung cancer death at 5 years: Quintile 1: 0.15-0.55%, Quintile 2: 0.56-0.84%, 
Quintile 3: 0.85-1.23%, Quintile 4: 1.24-2.00%, Quintile 5: >2.0%
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Lung Cancer Screening Recommendations

Institution or 
Society

Recommendation for Screening

USPSTF • Adults ages 55 to 80 years who have a 30 pack-year 
smoking history and currently smoke or have quit within 
the past 15 years

ACCP, ACS, ASCO, 
ALA

• Individuals meeting the NLST criteria:  Ages 55-74, >30 
pk-yrs smoking, currently smoking or quit within the last 15 
years

NCCN • Individuals meeting the NLST criteria; OR
• Individuals age >50 with >20 pk-yrs smoking and one 
additional risk factor

AATS • Individuals ages 55-79 with >30 pk-yrs smoking; OR
• Long term lung cancer survivors until the age of 79; OR
• Individuals age > 50 with >20 pk-yr smoking if additional 
risk factors produce a cumulative 5% risk of lung cancer 
over the following 5 years

Independent Predictors of Cancer

Prevalence 5.5%; AUC> 0.90
At threshold >2%, 11.5% positive, PPV 10.5%, NPV 99.8%

Lung Cancer Risk Assessment

What level of lung cancer risk is sufficient to 
justify the potential harms of screening?

– NLST:  2-3% over 6 years

– AATS:  5% over 5 years

How good are we at assessing lung cancer risk?

What risk exceeds your tolerance?  Your 
patient’s tolerance?

Risk Assessment

Physician ability to assess lung cancer risk is imperfect.  
In general, we over-estimate risk

Risk assessment models have the potential to modify 
physician behavior by providing objective information.

Risk Model Variables 
Lung Cancer Risk Assessment 2014

PLCO12 risk assessment model

Revisiting the NLST
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PLCO Lung Cancer Risk Assessment Model

Lung cancer risk prediction model developed in PLCO population, first 
published in 2011

Revised based on NLST data, and then validated in the NLST-eligible 
individuals in the PLCO cancer screening trial

Limitations

– Includes  only persons ages 55 – 74 years 

– Excludes persons who never smoked

PLCO model was superior to the NLST criteria in detecting lung 
cancer over six years of follow up 

– Identified higher number of cancers for the number of persons screened

Tammemagi, MC, et al. New Engl J Med 2013;368:728-736

Independent Predictors of Cancer
Modified Logistic-Regression Prediction Model 
(PLCOM2012) of Cancer Risk for 36,286 Control 

Participants Who Had Ever Smoked.

Tammemagi MC et al. NEJM 2013 368;8:728-

www.brocku.ca/cancerpredictionresearch
Tammemagi NEJM 2013; 368:728. Lung Cancer Screening:  

Conundrums

There are benefits to screening

There are risks to screening

Whom do we screen?

– Higher risk quintiles of the NLST population

– High risk based on PLCO2012 model

– NLST: 55-74 yrs, > 30 pk-yrs smoking, currently smoking 
or quit within the last 15 years

– USPSTF:  55-80 yrs, > 30 pk-yrs smoking or quit within the 
last 15 years

– AATS:  > 50 yrs with >20 pk-yrs smoking if there are other 
factors resulting in a 5% risk of lung cancer over 5 years 

– NCCN:  >50 yrs with >20 pk-yrs smoking and one 
additional risk factor

Screening for Lung Cancer

It is NOT just getting a LDCT scan
Screening is a complex interplay of :

Assessment of baseline risk, 

Getting the screening test, 

Time interval between tests, 

Judicious management of nodules

Availability of effective treatment

Compliance

Risk modification

Recommended Program Components

Components Recommended

ACCP 
LC III
article

ACCP 
ACS 
ATS 

ASCO ACS IASLC STS AATS NCCN

US
PS
TF

Multispecialty program Yes Yes Yes Yes Yes Yes Yes Yes

Careful participant selection Yes Yes Yes Yes Yes Yes Yes Yes

Pt Education/Counseling Yes Yes Yes - Yes - Yes Yes

Smoking cessation Yes Yes Yes Yes Yes Yes Yes Yes

CT with quality controls Yes Yes Yes Yes Yes Yes Yes (Yes)

Defined process of interpretation Yes Yes Yes Yes Yes - - (Yes)

Defined intervention algorithm Yes Yes Yes Yes Yes Yes Yes (Yes)

Quality metrics Yes Yes - Yes Yes - - Yes

Registry/data collection Yes Yes - Yes Yes Yes - Yes

Ongoing research participation Yes Yes - Yes Yes Yes - -

VATS Surgery Yes - - Yes Yes Yes - -

Demonstration Project needed Yes Yes - Yes - - - Yes
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Programmatic Lung Cancer Screening

Risks/Issues Specifics Program approach

High false positive 
rate

20% average annual 
nodule detection rate, 
most of which are false 
positives

• Standardized reading of 
LDCT by trained, committed 
radiologists. 

• Quality control for 
performance of LDCT

• Nodule assessment program  
- Multidisciplinary Nodule 
Board: Pulmonary, Thoracic 
Surgery, Radiology 

• Standardized nodule 
management approach

• Smoking cessation program

• Research arm

Radiation 
exposure related to 
medical imaging

1%-45% of screened 
individuals undergo 
further CT imaging

Increase in 
invasive diagnostic 
procedures

1.2%-5.6% of screened 
individuals undergo 
invasive procedure, with 
benign results in 24-32%

Smoking Smoking cessation is 
more powerful than 
LDCT in reducing lung 
cancer mortality

Non-NLST 
populations at risk

Risk assessment studies 
lacking for risks other 
than smoking

Lung Cancer Screening
Attracts people with greater anxiety, fear

High rate of finding inconsequential nodules

Thoughtful evaluation and management is key (of 
nodules and anxiety)

Program structure is important

Shared decision making

Providing information, reassurance is important

Lung Cancer Screening

Involves many difficult concepts (population mortality, 
overdiagnosis)

Over-evaluation, overtreatment is a potential risk

Key structural aspects, quality metrics not yet 
established

Coverage unclear (for evaluation, scan, registry)

Many details are unclear (Pt selection, interval, tailored 
intervention)

Peto R et al. Brit Med J 2000;321-323

Importance of Smoking Prevention and Cessation
Smoking cessation 
benefits at any age

Thank You


