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      Lung cancer is a global public health problem, 
causing 1.2 million deaths per year.  1   In the early 

stages, it can be cured with surgery; however, most 
non-small cell lung cancer (NSCLC) cases are diag-
nosed in advanced stages when curative therapy is 
usually not feasible. Thus, the best hope of reducing 

the burden of lung cancer in the United States and 
elsewhere is with prevention and early detection. 
The publication by the National Lung Screening 
Trial (NLST) offers new hope for reducing lung can-
cer mortality through screening of heavy smokers.  2   
The study showed that yearly lung cancer screening 
with low-dose thoracic CT scan for 3 years reduced 
lung cancer mortality by 20% and all-cause mor-
tality by 7% compared with screening with chest 
radiography alone in ex-smokers and current smokers 
between the ages of 55 and 74 years who had at least 
30 pack-years of smoking history.  2   However, these 
promising data are counterbalanced by some sober-
ing realities. In the United States, there are approxi-
mately 9 million people who fulfi ll the entry criteria 
for the NLST study. To screen these individuals, the 
CT scan costs alone could be  .  $2 billion per year.  3   
These costs do not include subsequent follow-up 
CT scans and other diagnostic imaging studies such 
as PET scans or invasive procedures such as bronchos-
copy, mediastinoscopy, or needle biopsies, which are 
often needed in the work-up of suspicious-appearing 
lung nodules. 

 Another important conundrum is what to do with 
individuals who have “normal” or near-normal baseline 
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1148 Commentary

 The study by Tammemagi et al  7   provided sup-
porting data on the role of FEV 1  as a screening tool 
for lung cancer that complemented the fi ndings of 
Calabrò et al.  6   They found that although the risk of 
lung cancer was associated with reduced lung func-
tion, the relationship was modifi ed by sex. In men, 
the relationship between reduced FEV 1  and the risk 
of lung cancer was exponential, whereas in women 
the relationship was linear and relatively fl at.  7   By 
including an interaction term of FEV 1  and sex, the 
c-statistic of the baseline model increased signifi -
cantly from 0.70 to 0.75. Importantly, by considering 
FEV 1  in the risk prediction model, smokers could 
be more accurately risk-stratifi ed such that among 
those who were deemed low risk only 1.3% devel-
oped lung cancer during 8 years of follow-up (com-
pared with 1.5% in a model that did not include 
FEV 1 ), whereas 8.2% of high-risk smokers developed 
lung cancer (compared with 7.0% in a model that did 
not include FEV 1 ) and 1.6% of those deemed inter-
mediate risk developed lung cancer (compared with 
2.6% in a model that did not include FEV 1 ). If these 
fi ndings can be validated in a large prospective study, 
it may be reasonable and cost-effective to target 
screening for the high-risk individuals, which in the 
study by Tammemagi et al  7   constituted 60% of the 
cohort. By doing this, we may be able to reduce the 
overall cost of the screening program by 40%. As 
this study did not include emphysema assessment 
on CT scans, the incremental improvement in the 
risk classifi cation with the addition of emphysema 
scores is not known. Nevertheless, the relative low 
cost of spirometry makes FEV 1  an attractive tool for 
risk stratifi cation. 

 Radiologic Assessment of Emphysema 

 The predominant risk factor for lung cancer is 
cigarette smoking, but although approximately 85% 
of lung cancer occurs in smokers, the majority of 
smokers do not develop lung cancer.  8   Smoking is 
also a shared etiologic factor for emphysema, which is 
one of the major morphologic phenotypes of COPD. 
Some epidemiologic studies suggest a signifi cant 
relationship between emphysema and lung cancer. Is 
there a plausible mechanism to link emphysema to 
lung cancer? The exact pathogenic mechanisms under-
lying the relationship between emphysema and lung 
cancer remain obscure. One theory is that emphyse-
matous lungs demonstrate impaired ciliary clearance 
of particles and carcinogens and as such may be more 
susceptible to oncogenesis.  5,9   Another theory suggests 
that the main pathway is through shared risk factors, 
including cigarette smoking and aging. The proin-
flammatory cascade triggered by cigarette smoke 

CT scans. What advice should be given to such indi-
viduals? Should they be told that their risk of lung 
cancer is negligible and that additional screening 
CT scans are not needed? Or should they be advised 
to have yearly CT scans until age 75 years? Or screen-
ing CT scans every 2 to 5 years? Neither NLST nor 
the Dutch Belgian randomized lung cancer screen-
ing trial (Nederlands Leuvens Longkanker Screen-
ings Onderzoek [NELSON])  4   will be able to address 
this critically important question adequately. How-
ever, the early fi ndings from NLST suggest that a 
“normal” baseline CT scan offers no guarantees to 
the patients. In that study, many who did not have 
a suspicious lesion on the baseline CT scan devel-
oped new suspicious lesions in subsequent years of 
screening. Thus, a negative CT scan did not negate 
the need for future CT scans. 

 A Possible Solution? 

 A reasonable solution to this conundrum is accu-
rate risk stratifi cation. If we can fi nd a low-cost but 
highly accurate clinical or biochemical “fi lter” (ie, 
algorithm) that can be applied to risk-stratify cur-
rent and ex-smokers for screening, then low-dose 
CT screening may become economically acceptable. 
In this article, we evaluate the possible role of two 
low-cost strategies, spirometry and emphysema scor-
ing on thoracic CT scans and for risk assessment of 
lung cancer in those who have already received a 
baseline CT scan. 

 FEV 1  as a Marker of Lung Cancer Risk 

 It has been known for years that reduced lung 
function is a signifi cant risk factor for lung cancer 
independent of smoking history.  5   However, the value 
of FEV 1  as a screening tool for lung cancer remains 
controversial. A study examined 3,806 subjects as 
part of an early lung cancer detection program  6   and 
found that reduced FEV 1  was a signifi cant risk fac-
tor for lung cancer in a linear dose-dependent fash-
ion. Even a relatively small reduction in lung function 
(eg, as little as 10%) resulted in a tripling of the risk 
of lung cancer, imposing an attributable risk for 
lung cancer of 37%. In this study, the c-statistic for 
FEV 1  (ie, the ability of FEV 1  to discriminate patients 
with lung cancer from those without) was 0.70, indi-
cating good discrimination. The most optimal FEV 1  
cutoff in predicting lung cancer was 85% of pre-
dicted, which had a sensitivity of 53% and speci-
fi city of 79%.  6   Interestingly, in this analysis, the 
relationship between reduced FEV 1  and this risk of 
lung cancer was driven by lung cancers other than 
adenocarcinomas. 
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has emerged as the radiographic tool of choice for the 
diagnosis and quantifi cation of emphysema. In gen-
eral, there are two methods of emphysema identi-
fication and quantifi cation: one based on a visual 
scoring system performed by radiologists and the 
other based on a computer analysis of the overall 
density of the lungs (ie, densitometry). 

 To understand the lung cancer risk imposed by 
emphysema, we searched the literature for English 
language articles examining the relationship between 
CT scan-diagnosed emphysema and lung cancer. 
Our search identifi ed six studies that were eligible 
for analysis, two of which used a longitudinal design, 
whereas the other four were case-control studies 
( Table 1  ).  14-19   Of the 910 total lung cancer cases 
reported in the studies, 113 (12%) were small cell 
lung cancer, and 797 (88%) were NSCLC. The rel-
ative risk (RR) for lung cancer according to “any 
emphysema” reported by radiologists ranged from 
1.9 to 4.7, with a pooled RR of 2.34 (95% CI, 
1.46-3.76  ) ( Fig 1  ). Two studies reported prevalence 
of “ �  10% emphysema” of 20% and 37% for a mean 
prevalence of 24%. The pooled RR for lung cancer 
according to “  �  10% emphysema” was 1.50 (95% CI, 
1.36-1.65). All four of the semiquantitative studies 
found that emphysema was independently associ-
ated with lung cancer in multivariate analyses, with 
all of these studies adjusting for smoking status. 
Adjusted OR for lung cancer according to “any emphy-
sema” ranged from 1.73 to 3.14 ( Table 2  ). Two of 
the studies  14,15   made adjustments for the presence 
of airfl ow limitation on spirometry and still showed 

unleashes a cascade of cytokines, reactive oxygen spe-
cies, and proteolytic stress that may promote lung 
destruction causing emphysema on one hand, and 
DNA mutagenesis causing lung cancer on the other.  10   
The fact that emphysema is associated with lung 
cancer, even when adjusted for smoking exposure, 
suggests that there is substantial interindividual varia-
tion in the risk imposed by cigarette smoke and that 
other factors, such as those related to genetic poly-
morphisms, may also be involved.  11   Indeed, there are 
certain genetic loci that have been linked to both 
emphysema and lung cancer.  12,13   

 Emphysema has traditionally been defi ned patho-
logically as permanent destruction of distal airspaces 
beyond the terminal bronchioles. With the advent of 
noninvasive chest imaging techniques, CT scanning 

  Figure  1. The presence of any emphysema on CT scans and the 
risk of lung cancer. Emphysema was assessed on a semiquantita-
tive visual scale. RR  5  relative risk.   

 Table 2— Multivariate Analysis of Lung Cancer Risk According to CT Scan-Diagnosed Emphysema  

Study Extent of Emphysema OR 95% CI Covariates

Semiquantitative/visual
 de Torres et al  14  /2007 Any 2.51 1.01-6.23 Age, sex, smoking history, 

 airfl ow obstruction
 Wilson et al  15  /2008 Any 3.14 1.91-5.15 Age, sex, smoking history, 

 airfl ow obstruction
 ,  10% 2.48 1.37-4.49

10%-25% 4.43 2.53-7.79
 �  25% 2.56 1.26-5.20

 Mizuno et al  16  /2009 Any 1.73 1.02-2.94 Age, sex, smoking history, airfl ow 
  obstruction, lung restriction, 

fi brosis/ground glass attenuation
 Li et al  18  /2011 Any 2.79 2.05-3.81 Pack-years, other lung disease, 

 family history of lung cancer
  �  5% 3.8 2.78-5.19
  �  10% 3.33 2.30-4.82
Quantitative
 Maldonado et al  17  /2010 % Emphysema as continuous variable 1.04 (NS) 0.82-1.33 Age, sex, smoking history
  ,  5% 1.00 (NS) NR
 5%-9% 1.90 (NS) 0.90-4.03
 10%-14% 2.17 (NS) 0.96-4.91
  �  15% 1.57 (NS) 0.73-3.37
 Lung volume as continuous variable 1.02 1.00-1.03

NS  5  not statistically signifi cant. See Table 1 legend for expansion of other abbreviation.
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 Summary and Future Directions 

 Lung cancer screening with annual CT scans will 
be prohibitively expensive unless some fi lters are 
in place to target high-risk subjects for screening. 
No such tools currently exist that can guide policy 
makers and clinicians to develop rational and cost-
effective screening strategies. There are some very 
intriguing data on FEV 1  and CT scan-based emphy-
sema scores that suggest that with additional studies 
these measurements could be incorporated into clin-
ically useful decision aids for clinicians ( Fig 3  ). Until 
more data are available, a reasonable strategy for 
lung cancer screening with CT scans is to fi rst iden-
tify a group at high risk for lung cancer. As suggested 
by NLST, such a group may be composed of current 
or ex-smokers between the ages of 55 and 74 years  2   

  Figure  2. The relationship between LAA on CT scans and the 
risk of lung cancer. LAA  5   low attenuation area; WMD  5  weighted 
mean difference.   

  Figure  3. Proposed schema for lung cancer screening using 
CT scan. Based on the National Lung Screening Trial data, we 
propose that screening programs target smokers 55 to 74 years 
of age with at least 30 pack-years of smoking history. In addition, 
we suggest incorporating spirometry data to a risk stratifi cation 
algorithm for the initial screening CT scan, especially in men. 
All suspicious nodules should be investigated. For those without 
signifi cant nodules, we suggest evaluating the CT scan for emphy-
sema by a trained radiologist. Even trace fi ndings of emphy-
sema should prompt additional screening studies. The absence 
of emphysema, on the other hand, may lead to fewer screening 
CT scans. Those with nodules between 4 and 10 mm may require 
more frequent CT scan follow-up.   

a signifi cant relationship between CT scan-based 
emphysema diagnosis and the risk of lung cancer. 
In contrast, quantitative analysis of emphysema using 
a computerized algorithm was not associated with 
lung cancer ( Fig 2  ). However, these studies were 
limited by small sample sizes and there were sub-
stantial differences in the cutoffs of low attenuation 
areas used to categorize emphysema across these 
studies. 

 The reason for the discordance in the fi nding 
between visual scoring of emphysema and quantita-
tive emphysema scores is unclear. However, in gen-
eral, radiologists look beyond low-attenuation areas 
for more subtle but complex signs of emphysema, 
such as “holes” in the parenchyma.  20   This approach, 
although seemingly more crude than quantitative 
assessment of emphysema, may be more discerning 
than a Hounsfi eld Unit (HU)-based threshold, espe-
cially in experienced hands. A diagnosis of emphy-
sema on CT scan relies on the identifi cation of very 
specifi c CT scan fi ndings. These are clearly defi ned 
by the Fleischner Society as focal areas or regions of 
low attenuation, typically without visible walls.  21   This 
strict defi nition allows the radiologist to differentiate 
emphysema from other low-attenuation abnormal-
ities in the chest, such as pulmonary cysts, areas of 
air trapping, mosaicism with oligemia, and image 
noise. All of these abnormalities pose a signifi cant 
issue for a HU threshold-based computerized seg-
mentation algorithm. 

 Going forward, several issues need to addressed 
and clarifi ed before CT scan-based emphysema scores 
(both visual- and quantitative-based scoring systems) 
can be used to risk-stratify patients for lung cancer. 
First, it is essential that future studies use similar 
or preferably the same scoring system to estimate 
emphysema on CT scans. For the visual approach, 
one reasonable scoring system is that proposed by 
Goddard et al.  22   It is a four-point quartile scoring 
system with a score of 1 given if  ,  25% of the lobe 
is affected and 4 if  .  75% of a lobe is affected. 
Although this scoring system is rudimentary, it is 
reproducible and affords a consistent estimation of 
the burden of disease. For quantitative analysis, the 
extent of emphysema can be estimated using the 
threshold method quantifying the percent of voxels 
with an apparent x-ray attenuation value below cer-
tain thresholds (eg,  2 950 HU), and the size of the 
emphysematous lesions may be estimated using 
the low-attenuation cluster method, which takes the 
slope of the relationship between the cumulative size 
of the low attenuation areas plotted against the cumula-
tive number of lesions on a log-log scale. If possible, 
both of these measures should be used in future 
lung cancer studies, as they provide complementary 
information. 
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with  �  30 pack-years of smoking history.  23   The screen-
ing tool can be further refi ned using additional socio-
demographic and clinical data  24,25   (eg, environmental 
smoke exposure) as well as FEV 1  as suggested by 
Tammemagi et al.  7,23   For those with prior CT scans 
(and without suspicious nodules), the presence of 
emphysema can be incorporated into a risk-management 
strategy for future CT scan-based screening. There 
are  .  94 million adult Americans who are current or 
ex-smokers and, thus, are at enhanced risk of lung 
cancer. More than $28 billion per annum would be 
required to screen these individuals annually with 
a low-dose CT scan, making this a cost-prohibitive 
strategy. There is a pressing need to develop some 
clinical fi lters for screening. With the available 
CT scan and spirometry data, NELSON, NLST, and 
other study groups have an opportunity to determine 
whether FEV 1  and emphysema scores are indeed 
predictive of lung cancer and most importantly can 
be used, in addition to traditional markers such as 
smoking status and age, to develop a simple clinical 
algorithm for accurate risk-stratifi cation. 
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