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Lung cancer is the leading cause of cancer-related deaths in 
most developed countries, and is responsible for enormous 
financial costs and physical suffering (1). Treatment is more 
effective, and cure is more common when it is detected at an 
early stage. These facts make lung cancer an obvious target 
for population-based public health interventions, including 
screening. However, until 2011 no screening modality had 
demonstrated the potential to reduce the burden of lung 
cancer morality. Multiple large-scale clinical trials in the 
1970s employed varied combinations of chest X-ray (CXR) 
with or without sputum cytology to screen for lung cancer. 
While all if these trials showed that such screening could 
identify more cancers, all failed to demonstrate a reduction 
in lung cancer mortality (2-6), the only valid metric for the 
effectiveness of a screening program. This changed with 
the release of the results of the National Lung Screening 
Trial (NLST) in 2011. The NLST enrolled over 53,000 
individuals between the ages of 55 and 75, who had heavy 
current or recent tobacco use history. Study participants 
received three rounds of screening either with low-dose 
CT, or standard chest radiography. The study found a 20% 
reduction in lung cancer specific mortality in those screened 
annually for three rounds with low-dose CT scans (7). This 

started a new era in which lung cancer screening is now 
increasingly recommended by nearly every professional 
organization (8-13) as well as by the United States 
Preventive Services Task Force (USPSTF) (14). More 
recently, the results of a second lung cancer screening trial 
conducted in European countries further confirmed the 
potential for screening with CT scans to reduce lung cancer 
mortality (15). 

The importance of “early detection” has become almost 
mythically engrained in our understanding of disease. 
Yet even among physician experts, understanding the 
biases involved in judging the effectiveness of screening 
interventions and the risks/benefits of cancer screening is 
poor (16). While typically necessary for an effective cancer 
screening program “early detection”, is not sufficient to 
demonstrate the effectiveness of such an intervention. 
Only a reduction in cancer specific mortality can justify 
the institution of a population-based screening program. A 
survey given to physicians attending a national conference 
showed that most incorrectly identified a screening 
intervention that lead to “prolonged survival” as a valid 
metric of screening efficacy (16). This gap in knowledge 
has important consequences when physicians are involved 
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in counseling their patients about cancer screening. In the 
U.S. the Center for Medicare Services (CMS) required 
“Shared Decision Making” for reimbursement when 
issuing a coverage decision for lung cancer screening. 
Shared decision making requires, at a minimum, that the 
provider be able to recognize and convey the benefits and 
risks involved in any given choice about health care in 
terms understandable to the patient. If physicians and other 
providers do not understand these risks and benefits, they 
cannot effectively lead a discussion with patients who may 
be less informed, even if they have the time to do so (17). 
Resolving this paradox and helping physicians identify both 
the benefits and potential harms of screening is part of the 
purpose of this manuscript. This update will overview the 
data that support lung cancer screening as a public health 
intervention, suggest who should be screened, who should 
not be screened, how screening should be done, and point 
out important yet overlooked means to ensure that the 
benefits of a mass screening program truly outweigh any 
harms. 

Who should be screened?

In the U.S., guidance on who should be offered lung cancer 
screening has been based on modeling of the results of the 
NLST on the basis of the U.S. population of smokers (14), 
or on “consensus” expert opinions (18). The NLST was a 
randomized controlled trial of over 53,000 subjects between 
the ages of 55, and 74, eligible on the basis of current, 
or former (within 15 years) heavy smoking (greater than 
30 pack-years), at the time of initial screening. A major 
impetus for the NLST were results from nonrandomized 
trials beginning in the 1990s (19,20) showing the feasibility 
of CT scans for screening for cancer. These trials showed 
that lung cancer screening could be performed with low-
dose CT scans, and offered the possibility of detection of 
very early stage cancers, with an acceptable rate of false 
positives and of invasive procedures done for otherwise 
benign disease. Enthusiastic recommendations for lung 
cancer screening based solely on “prolonged survival” are 
misguided though. Only the demonstration of reduced 
lung cancer specific mortality can justify recommendations 
for mass screening. The NLST was the first randomized 
trial of a lung cancer screening test to demonstrate the 
potential for reducing lung cancer mortality. After 9 years 
of follow-up, among the 53,000 participants, there were 
346 lung cancer deaths in the low-dose CT group and 425 
deaths in the control (CXR) group, representing a relative 

reduction in mortality of 20%. Screening recommendations 
by the USPSTF are based on modeling of the results of 
the NLST in the population of U.S. smokers eligible for 
screening. The importance of this modeling is that the 
eligible population of smokers in the U.S. is different 
from the subjects in the NLST in important ways. The 
U.S. population eligible for CT lung cancer screening is 
older, sicker and has less reliable access to health care in 
comparison to participants in the NLST (21). While these 
differences are associated with a higher risk of cancer, they 
are also associated with worse outcomes from diagnostic, 
and treatment interventions. As a result, the 20% reduction 
in lung cancer mortality seen in the NLST cannot be 
expected to fully translate to practice. Real world experience 
already suggests much higher complication rates in clinical 
practice than were reported in the NLST (22).  

More recently, even more encouraging results from a 
randomized trial of lung cancer screening in the Dutch-
Belgian Lung Cancer Screening Trial (Nederlands-
Leuvens Longkanker Screenings Onderzoek; NELSON) 
demonstrated a larger mortality benefit when individuals 
were screened with CT scans at less frequent intervals and 
in which participants may have had a lower risk as measured 
by age and pack-years of tobacco exposure (15). Throughout 
Europe, and parts of Asia, health systems are beginning 
to institute mass lung cancer screening programs based 
on these, and other trials (Table 1). Of all the stakeholder 
organizations in the U.S., only the American Academy of 
Family Practice has withheld a formal recommendation in 
favor of lung cancer screening (25), with an active debate 
among the membership (26,27). 

There is no consensus from one program to the next on 
the exact population for whom screening should be offered. 
However, there is universal consensus that screening should 
be offered to people with apparent high risk for lung cancer, 
and this risk is almost exclusively defined on the basis of 
tobacco use history. While this is, at best, an imperfect 
criterion for selection of screening eligible individuals, 
there is currently no alternative selection criteria which 
have been shown to maximize the benefits of screening 
(reduced mortality), without increasing the potential harm 
(false positives, and over diagnosis, and invasive procedures 
on people with benign disease). Current recommendations 
in the U.S. are to offer screening to otherwise healthy 
individuals between the ages of 55 and 77, with current, or 
recent heavy smoking history. Other risk factors which have 
been consistently shown to increase the risk for lung cancer 
include a diagnosis of chronic obstructive pulmonary disease 
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(COPD), a family history of first-degree relatives with lung 
cancer, and a prior diagnosis of cancer, excluding non-
melanoma skin cancer (28-30). Many individuals rightly 
ask about asbestos exposure, secondhand smoke exposure, 
or radon exposure. While these are well-established 
epidemiologic risk factors for lung cancer, the ability to 
incorporate these into existing risk models is limited by the 
inability to quantify, and explicitly define such exposures. 
Screening criteria for some of the largest lung cancer 
screening trials are shown in Table 1, as well as the mortality 
benefit (if any) observed for screening in that population. 

What is the ideal level of risk at which screening should 
be considered? This has not been explicitly considered in 
the context of a clinical trial, but investigators have used 
modeling to pose such a question. Tammemägi et al. tried to 
determine a level of lung cancer risk at which mortality from 
lung cancer was consistently improved by screening (31).  
Applying the PLCOm2012 model, a model based on 6-year 
lung cancer incidence, they identified a threshold above 
which NLST lung cancer mortality rates in the CT arm 
were consistently lower than in the CXR arm. They 
also evaluated the USPSTF and PLCOm2012 risk-based 
selection criteria in smokers (n=37,327) enrolled in the 
Prostate, Lung, Colorectal and Ovarian Cancer Screening 

(PLCO) Trial (32). The authors calculated the numbers 
of individuals selected for screening, sensitivity, specificity, 
and positive predictive values (PPVs) for identifying 
those subjects with lung cancer. At a PLCOm2012 measured 
risk of ~1.5% or more (the ~65th percentile of risk), the 
lung cancer mortality rates in the CT-screened arm are 
consistently below those in the CXR arm (33). The number 
needed to screen (NNS) to prevent one lung cancer death 
is significantly more favorable as the risk of lung cancer 
increases (Figure 1). When applied to PLCO intervention 
arm smokers, compared to the USPSTF criteria, the 
PLCOm2012 risk threshold of ~1.5% selects 8.8% fewer 
individuals for screening but identifies 12.4% more lung 
cancers. Ideally, in a shared decision-making context, use 
of a decision aid that allows patients to see their risk in 
absolute terms would permit consideration of the benefits 
of screening in a more informed way. 

Caverly and colleagues considered how patient 
preferences might impact the benefits of screening by 
incorporating preference-sensitive adjustments to quality 
of life (disabilities) in a screening model. They found that 
the benefit of screening in terms of quality adjusted life 
years was sensitive to patient preferences at the extremes 
of risk (34). Patients with strongly unfavorable preferences 

Table 1 Large randomized lung cancer screening trials with reported mortality data

Trial Enrollment criteria Comparator Number enrolled Number of screens
Hazard ratio for lung 

cancer mortality

NLST (7) 55–74 years old CXR 53,454 3 annual 0.8

30 pk-yr current or

Quit less than 15 years

Multicenter

DANTE (23) 60–75 years old (male only) CXR, sputum 
cytology

2,450 5 annual NA

20 pk-yr current or quit <10 years

DLCST (24) 50–70 years old No screening 4,104 5 annual NA

20 pk-yr current or quit <10 years or 
after age 50

Single center

NELSON (15) 55–74 years old No screening 15,792 4 (year 0, 1, 3, and 
5.5)

0.74 (males)

15 pk-yr current or quit <10 years 0.61 (females)

Multicenter

NLST, National Lung Screening Trial; pk-yr, pack-years or packs smoked per day times number of years smoked; DANTE, Detection and 
Screening of Early Lung Cancer by Novel Imaging Technology and Molecular Essays; DLCST, Danish Lung Cancer Screening Trial; LDCT, 
low-dose computed tomography; CXR, chest X-ray; NA, not available; NELSON, Nederlands-Leuvens Longkanker Screenings Onderzoek.
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regarding screening (i.e., higher screening-related 
disutility or stronger negative feelings) still experienced net 
benefit if lung cancer risks were high. Screening-related 
gains in quality-adjusted life years (QALY) peaked at a 
lung cancer risk near the ~70th percentile and began to 
decline at higher risk levels, mainly because of competing 
mortality risk in this group from cardiovascular and other 
pulmonary diseases. Although patient preferences also had 
a major impact on the net benefit of low-dose computed 
tomography (LDCT) screening, persons with lung cancer 
risk between 28th (1.8% 6-year risk) and 91st percentile 
(~9% 6-year risk) still receives net benefit even assuming 
attitudes that are highly unfavorable toward screening. This 
suggests that eliciting some measure of patient preferences 
in the context of lung cancer screening can be helpful 
in maximizing the benefits and reducing the harms of 
screening.  

What are the risks of screening?

Surveys suggest that both patients, and providers are poorly 
informed about the risks of screening, and may overestimate 
some risks, while underestimating others (35). The chief 
risks of lung cancer screening include the very low risk of 
radiation, which cannot be measured directly and can only 
be estimated on a population level. The actual risk to any 
one individual from several years of low-dose CT screening 
is small (36,37). The most common risk of screening is that 

of a false positive which occurred in 36% of participants in 
the NLST over three rounds of screening (7), though with 
more nuanced reporting this problem too can be minimized 
(38-41). Ninety-six percent of lung nodules identified in 
the NLST were not cancer. While incidental lung nodules 
have been vexing problem for years, the added anxiety for 
smokers already worried about cancer, from the discovery 
of a screen detected lung nodule was a major concern of 
the designers of the NLST. Survey results from patients 
who are participants in the trial did not show an increase in 
anxiety, or decrease in quality of life, as a result of finding a 
pulmonary nodule (42). However, it should be remembered 
that these patients were being cared for in high volume 
centers likely by experts who had experience in managing 
“nodule anxiety”. Investigators from the NELSON trial 
also incorporated strategies to minimize scan related 
anxiety in their participants (Harry J. de Koning, Erasmus 
Medical Center, Public Health Rotterdam, IASLC World 
Congress, Plenary presentation, Toronto, CA, 2018). 
Overall, while false positives are quite common in screened 
population, the anxiety surrounding false positives is 
manageable. Over-diagnosis, or perhaps more accurately, 
overtreatment of clinically insignificant lung cancers is 
estimated to have occurred in 10–18% of all lung cancers 
detected in the NLST (14,43). The wide range of estimates 
for over-diagnosis can be explained in part by the time 
horizon considered as well as how one factors in competing 
mortality. Nevertheless, as in any cancer screening 
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Figure 1 Screening efficiency, measured by number needed to screen, by lung cancer risk. Reprinted in modified form from PLoS under the 
Creative Commons Attribution (CC BY) license (31). The number needed to screen to prevent one lung cancer death in the 65th to 100th 
percentile risk group is 255 (95% CI: 143–1,184), and in the 30th to 65th percentile risk group is 963 (95% CI: 291–2,754). NNS, number 
needed to screen.
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situation, there is a risk of detection (and treatment) of 
cancers which would otherwise have remained undetected, 
and asymptomatic, through the span of a patient’s life, had 
screening not been performed.

The risk of screening that concerns me the most is the 
risk of invasive procedures for benign disease. Results of the 
NLST showed that 1 in 40 participants (25 per 1,000) had 
an invasive biopsy for what proved to be benign disease (7).  
If this number goes up, or if the complication rate from 
biopsy is higher in routine practice than it was in this 
clinical trial, which clearly appears to be the case (22), then 
the net harm to the population could be significant. Efforts 
to maximize the benefits of screening, and minimize the 
harms, should therefore include strategies to reduce the 
number of invasive procedures done to investigate screen 
detected nodules, while still preserving the presumed 
benefits of “early detection”.

Who should not be screened?

An in-depth discussion of people for whom screening should 
not be offered, or for whom it should be frankly discouraged 
is almost certain to touch off some debate. However, when 
screening is viewed as a population-based intervention some 
discussion of the consequences of screening people outside 
the designated groups described above is possible. In this 
context, one can focus on the population-based outcomes 
anticipated as a result of widespread screening. First, based 
on the results of the NLST, one can conclude that the 
number of patients needed to be screened to prevent one 
lung cancer death significantly increases at the low end 
of risk. Post-hoc analyses show that when risk is broken 
down into quintiles, the absolute number of lung cancer 
death prevented by screening the lowest risk quintile was 
very low, with a NNS to prevent one death of >5,000 (33).  
However, the rate of false positives does not seem to vary 
significantly by quintiles of risk (33). Therefore, insofar as 
false positives serve as a surrogate for harm (e.g., invasive 
procedures on people with benign disease), the ratio of 
potential harm to benefit in people who are low risk for 
cancer should create caution in offering screening. The 
number false positive results per death avoided by screening 
decreased from 108 overall to 78 in the three highest-risk 
quintiles, but it was over 1,600 in the lowest risk quintile (33).

On the other end of the spectrum, people with 
significant comorbid disease that limits their life expectancy 
have much less to gain from “early diagnosis” of lung 
cancer. Screening for cancer is, in effect, an effort to 

increase the probability of death from another cause. 
Patients with significant comorbid disease, such as 
advanced [e.g., Global Initiative for Chronic Obstructive 
Lung Disease (GOLD) stage III or IV] COPD, or severe 
cardiovascular disease expected to limit their lifespan, 
are much more likely to die of non-cancer related cause, 
perhaps even in the presence of cancer. Additionally, the 
risk to such individuals of invasive procedures required 
to evaluate abnormal screen-related findings is much 
greater than those who are in otherwise good health. 
Examples of individuals being offered screening when 
they already suffer from significant comorbid disease (44)  
suggest that this is not an isolated problem, and that 
additional education of healthcare professionals on who 
should and should not be screened would be useful. Clinical 
models that allow rational consideration of competing 
mortality risks in the context of cancer screening would be 
helpful. The promise of electronic health record prompts to 
promote screening for appropriate individuals or discourage 
it for individuals in whom it would be inappropriate has not 
yet been realized. One would hope that as computer-based 
health records improve, this sort of decision support would 
be an important outcome.

How should screening be done? 

Lung cancer screening CT scans should be performed 
using low radiation dose, with interpretation by qualified 
thoracic radiology specialists. At present, screening is 
recommended annually for those eligible to be screened, as 
long as they remain in good health. Some investigators have 
made efforts to identify people who might still benefit from 
less frequent screens. For example, Berg and colleagues 
reported, in abstract form, the conditional probability of 
finding lung cancer after a negative incidence screen, and 
showed that the probability of cancer is reduced in those 
with a negative baseline screen (45). It is possible that in 
the future, screening recommendations may shift to less 
frequent scans for those with negative baseline screens. This 
strategy would have to be very carefully validated, to assure 
that screening benefits are not lost with less frequent scans. 

Lung cancer screening with low-dose CT is intended 
to find early stage, but potentially fatal lung cancer, and do 
so at a point when surgical resection is curable. For now, 
this means detection of lung nodules, the vast majority 
of which are benign. Radiographic tools to distinguish 
benign from malignant nodules are extremely inaccurate, 
such that nodule management guidelines currently 
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focus on determining the probability of cancer based on 
features of the nodule as well as the patient (46,47). This 
permits clinicians to follow probability-based algorithms 
to determine which nodules should be followed with 
interval CT scans, which should be biopsied, and which 
patients should be referred for surgical resection. In-
depth discussion of the management of lung nodules in the 
context of screening is beyond the scope of this review, but 
important principles should be considered; (I) Since the vast 
majority of nodules are benign, emphasis should be placed 
on conservative management until there is evidence of a 
high probability of malignancy, and (II) Invasive procedures 
for screen detected nodules should be done in centers with 
multidisciplinary teams of clinicians with significantly high 
volume of experience in these procedures, particularly 
if surgery is considered. It is important to recall that the 
surgical morality for lung cancer resection in subjects 
enrolled in the NLST was 1%. This (or better) should 
be the goal for any center attempting to conduct a lung 
cancer screening program, and surgical mortality for screen 
detected lung nodules should be one of several important 
quality metrics for such programs. The American College of 
Chest Physicians and the American Thoracic Society have 
developed a joint policy statement describing the necessary 

components of a high-quality lung cancer screening 
program. Prominent among these recommendations is the 
need to track surgical outcomes (Table 2) (10).  

The NLST trial did not specify a follow-up protocol 
for abnormal findings. However, currently in the U.S., the 
CMS currently requires that programs report the results of 
screening CT scans using a structured format that includes 
(among many other things) recommended intervals of 
follow-up for abnormal scans. The most commonly used 
structure format relies on the Lung-RADS criteria, which 
has been shown to significantly reduce the “false positive” 
rate (38), by increasing the threshold for a positive screen 
to a nodule ≥6 mm. Doing so substantially reduces the 
false positive rate while still capturing nearly 100% of lung 
cancers. This change in criteria are only valid the context 
of a screening program in which nodules smaller than this 
would routinely be followed with an annual scan anyway. 
For individuals with incidental nodules discovered outside 
of the screening context, the proper follow up guidelines 
would be the updated Fleischner criteria (48). 

What have we learned from the release of data from 
NELSON trial mortality data? The mortality results for 
the largest European lung cancer screening trial to date 
were presented at the International Association for the 

Table 2 Essential components of a high-quality lung cancer screening program as endorsed by an American College of Chest Physicians and 
American Thoracic Society Policy Statement (10)

Lung cancer screening programs should collect data on all enrolled subjects related to the risk of developing lung cancer

The lung cancer screening program must confirm that there is a policy about the frequency and duration of screening that is in keeping 
with the USPSTF recommendation

A low-dose lung cancer screening CT scan should be performed based on the ACR-STR technical specifications. A lung cancer screening 
program should collect data to ensure the mean radiation dose is in compliance with ACR-STR recommendations

A lung cancer screening program should have a policy about the size and characteristics of a nodule to be used to label the test as 
positive. A lung cancer screening program should collect data about the number, size, and characteristics of lung nodules from positive 
tests

A lung cancer screening program should use a structured reporting system, such as Lung-RADS, and screening programs should collect 
data about compliance with the use of the structured reporting system 

A lung cancer screening program must; Include clinicians with expertise in the management of lung nodules and the treatment of lung 
cancer, have an approach to communication with the ordering provider and/or patient, have a means to track nodule management, and 
collect data related to outcomes from surveillance, diagnostic imaging, surgical and nonsurgical biopsies of screen-detected lung nodules

A lung cancer screening program must be integrated with a smoking cessation program, and the program should collect data related to 
the smoking cessation interventions that are offered to active smokers enrolled in the screening program

A lung cancer screening program should educate providers so that they can adequately discuss the benefits and harms of screening with 
their patients

To ensure that a lung cancer screening program is maintaining quality standards, data collection and periodic review must occur

USPSTF, United States Preventive Services Task Force; ACR-STR, American College of Radiology-Society of Thoracic Radiology.
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Study of Lung Cancer (IASLC) in 2018 (15). This study 
enrolled over 15,000 subjects with tobacco-use criteria 
that were somewhat lower than the eligibility criteria for 
the NLST (>10 cigarettes/day for 30 years, or >15/day for 
25 years). It also enrolled a lower percentage of women 
than were enrolled in NLST. In spite of these differences 
which would tend to identify a lower-risk population, the 
mortality reduction of at least 26% seen in NELSON was 
greater than what was observed by NLST investigators. 
What may account for these differences? It is possible that 
ethnic and genetic differences account for some of the 
disparity. However, it is also important to acknowledge the 
substantially different strategy employed in the NELSON 
trial for identifying normal versus abnormal CT scans 
and the management of indeterminate nodules. Rather 
than relying on simple two-dimensional measurements of 
nodule size, investigators in the NELSON trial employed 
volumetric measurements of pulmonary nodules, and 
created more detailed categories of CT findings; negative 
scans (without a nodule, or with nodules less than 50 mm3), 
positive scans (solid nodules >500 mm3), and indeterminate 
scans (nodules 50–500 mm3 in size). Unlike the binary 
reporting of scan results in the NLST, the NELSON 
trial reporting strategy included positive, and negative 
scan results, as well as allowing for indeterminate results 
which required a short-term follow-up. Subjects with 
nodules in the indeterminate category were prompted 
for a repeat scan 3–4 months later to assess growth using 
volumetric (not diameter) measurements. If there was no 
significant growth on the repeat scan, the test result was 
re-classified as negative and participants were scheduled 
for an annual repeat CT scan 8–9 months later. If there 
was significant growth, the test result was then categorized 
as positive, and a histologic diagnosis had to be obtained. 
It is possible that this difference in nodule management 
proscribed by the NELSON trial protocol has something 
to do with the more robust mortality benefit observed in 
the NELSON trial (compared to NLST). Investigators 
should be focused on determining how this contributed to 
the different outcomes of these two very important trials. 
Nodules >500 mm3 in the NELSON trial were considered 
positive, and required referral for work-up and diagnosis. 
This nodule management strategy reduced false positives 
while maintaining a low rate (2.3%) of referral to specialists 
for suspicious nodules. Investigators in both Europe and 
the U.S. have proposed that nodule volume measurements 
can aid in evaluating pulmonary nodules, and improve 
the predictive power of existing models (41,49). In the 

NELSON trial there was a high rate of benign disease 
detected among subjects who had surgery for a screen-
detected nodule (50), and though the surgical mortality in 
NELSON was very low, this finding should prompt caution 
in relying solely upon volumetric measurements as an 
indication for surgical resection. Benign nodules can grow 
as well.  

What other factors will impact the risk:benefit 
ratio of lung cancer screening? 

Beyond the identification and management of pulmonary 
nodules, there are other factors which almost certainly 
will impact the overall population benefit of a lung cancer 
screening program. Quality metrics which are outlined 
in the American College of Chest Physicians/American 
Thoracic Society (ACCP/ATS) position statement include 
factors such as training of radiologists in the interpretation 
in reporting of scans. CT scans done for lung cancer 
screening should be interpreted by board certified thoracic 
radiologists. Nodule evaluations should be carried out 
by pulmonologists with extensive experience in the 
management of pulmonary nodules. While it is important 
to know how to do a biopsy or surgery, it may be more 
important to know when not to. Nodules with a low 
probability of cancer should not be biopsied in general. A 
biopsy can only prove the presence of cancer, not disprove 
it. It is also critically important that surgical resection of 
screen detected lung cancers be done by highly experienced 
thoracic surgeons who can demonstrate low risk-adjusted 
mortality for their patients. If surgical mortality were to go 
from 1%, as in the NLST, to 2%, which is still better than 
the national average, it could negate a substantial portion 
the mortality benefit from lung cancer screening. On the 
other hand, as rates of minimally invasive lung cancer 
surgery increase, the risk of surgery should continue to go 
down, particularly in the hands of experienced thoracic 
surgical oncologists. Most lung cancer screening trials 
were conducted during a time when rates of minimally 
invasive surgery were gradually increasing, and the current 
environment for thoracic surgical treatment of lung cancer 
is probably safer, as a reflection of this overall trend. Only 
~30% of lung cancer resections in the NLST were done 
with a minimally invasive approach (51). As minimally 
invasive surgery increasingly replaces open thoracotomy 
as the standard of care, one can expect improved outcomes 
from resection and screen detected lung cancer as a result of 
this trend. Increased capacity of trained thoracic surgeons 
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may be needed to manage the burden of lung cancer 
screening (52). 

Additional factors can be expected to improve the ratio of 
benefits to harm in lung cancer screening. One example of 
this would be the active, and ongoing search for a diagnostic 
biomarker for both incidental, and screen detected lung 
nodules. An exhaustive review of these potential biomarkers 
is beyond the scope of this manuscript, but it is easy 
to envision that a biomarker with a very high negative 
predictive value can have substantial benefit for those with 
screen detected nodules, in terms of avoiding unnecessary 
invasive procedures. There will always be a trade-off between 
such a biomarker, and the potential delay in the diagnosis of 
an otherwise malignant lesion, in the case of a false negative 
result from such a test. But the net benefit from a population 
level will be measured by reduced harm, while preserving the 
benefits of the screening process (53). Interested readers are 
encouraged to review these references discussing the current 
search for diagnostic biomarkers (53,54). 

The importance of tobacco cessation

The importance of incorporating tobacco cessation into 
mass lung cancer screening programs cannot possibly be 
overstated. Tobacco cessation alone has a greater mortality 
benefit than screening does, but when combined with 
tobacco cessation, the cost-effectiveness (55), and clinical 
impact of lung cancer screening is amplified. It may also 
be true that lung cancer screening represents the critical 
teachable moment required to overcome the ambivalence 
some smokers have to a cessation attempt (56-58). 
Numerous clinical guidelines highlight the importance 
of, and strategies for, incorporating effective tobacco 
cessation treatment into lung cancer screening programs 
(10,11,13,14). While ongoing clinical trials attempt to 
address this problem (59), there is currently little data, and 
not much consensus on the optimal means of delivering 
tobacco cessation counseling, and/or pharmacotherapy in 
the context of a lung cancer screening program. There are, 
nevertheless, numerous excellent guidelines for tobacco 
cessation counseling and pharmacotherapy (60-63). 

Summary

The widespread implementation of lung cancer screening 
will take some time, but it has the potential to significantly 
reduce the mortality burden of the leading cancer related 
killer in the world. The tobacco industry has brought an 

enormous amount of suffering and death upon its victims, 
and lung cancer screening is one way to potentially reduce 
this suffering. There are key components of a lung cancer 
screening program which should be observed when 
implementing lung cancer screening on a population basis. 
These include careful review, and structured reporting of 
CT results. Responsible follow-up of abnormal findings by 
experts in the management of lung nodules, and, whenever 
possible, referral to centers with significant experience in 
lung cancer surgery for those requiring treatment of screen 
detected lung cancers. Tobacco cessation practices should 
be implemented in all settings, but particularly in the 
context of a lung cancer screening program, where it may 
be expected to have a greater impact.
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