Lung cancer screening:

Pros and cons
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ung cancer is the leading cause
Lof cancer mortality in the United

States and is associated with a
five-year-survival of 17%. However,
only 15% of patients are diagnosed
at an early stage.! The announcement
of the National Lung Screening Trial
(NLST) results in 2010 and their sub-
sequent publication was a defining mo-
ment in the lengthy quest to determine
the value of low-dose CT (LDCT) lung
cancer screening. For the first time, a
mortality benefit was demonstrated for
this technique in a large randomized
trial.> A direct outgrowth of this study
was a favorable recommendation for
CT-based lung cancer screening by sev-
eral prestigious organizations.

In 2013, the United States Preventive
Services Task Force (USPSTF), a group
whose recommendations are frequently
adopted by Medicare and other carriers,
has lent support to low-dose CT screen-
ing for lung cancer.® More recently,
the Centers for Medicare and Medic-
aid Services (CMS), recommended CT
screening for adults 55-77 years of age
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with an appropriate history of smok-
ing.* Notwithstanding these favorable
events, CT screening for lung cancer
remains a complex and multifaceted
issue, and it is appropriate to review
considerations that favor screening and
those that may be cause for hesitation.

Potential benefits of low dose
CT lung cancer screening
Decrease in lung cancer
mortality rate

Lung cancer mortality in the United
States is overwhelmingly due to be-
havioral factors, namely smoking with
constitutional predispositions playing a
lesser role.? Because it is fairly straight-
forward to identify a group of patients at
risk and due to lung cancer’s high mor-
tality, screening for early lung cancer
has considerable appeal. Screening with
chest radiography and sputum cytology
has been evaluated without proof of ef-
fectiveness, whereas LDCT has gener-
ated substantially greater expectations
(Figures 1 and 2).

Lung cancer screening with LDCT
has been the subject of a variety of re-
search methods and the focus of consid-
erable controversy. Most debates have
centered on its sensitivity in detecting
lung cancer, its false-positive rate and
the possibility of complications from

invasive follow-up, its use of ionizing
radiation and its cost. Some of these
studies, most notably the ELCAP (Early
Lung Cancer Action Program) trials,
were crucial in suggesting the potential
of LDCT lung cancer screening and de-
fining the framework for such studies.
The multicenter international ELCAP
trial, consisting of 31,567 patients,
showed a high prevalence of early lung
cancer detection (85%) and associated
long-term survival.’ A disadvantage
of these earlier studies was the lack of
a formal control group which created
difficulty in establishing a mortality
benefit for screening. The NLST was
designed to overcome this drawback
with a sufficiently large patient cohort
and a randomized study design.

The NLST enrolled 53,454 partici-
pants, a much larger population than
any other randomized trial, with the next
largest such trial being the European
NELSON trial with 15,822 participants.
The findings from the NLST, which
was terminated early after 6.5 years of
a planned 7-year follow up, included a
20% reduction in lung cancer mortality
rate in the LDCT-survey group com-
pared to controls, a 6.7 % reduction in
overall mortality rate in the LDCT group
compared to controls, and a low but non-
negligible complication rate (2.7%) for
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FIGURE 1. Screening chest CT in a 76-year old female detected a left upper lobe 7 mm nodule and emphysematous changes (A). Subsequent
chest CTs showed no change in size of nodule, which remained stable at 2 years (B).
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FIGURE 2. A 54-year old female with 40 pack-years smoking history was found to have a 5 mm right lower lobe nodule (A) on contrast-
enhanced CT and then lost to follow-up. A chest CT performed 4 years later demonstrated interval growth of the nodule to 10 mm (B). Meta-
static adenocarcinoma was found on mediastinoscopy.

participants undergoing invasive follow
up for false-positive results.”

The rigorous methodology and large
size of the NLST set it apart from most
prior randomized studies, which have
had inconclusive or conflicting results.
This methodology has been reviewed
and largely accepted by the medical
community, and has given rise to a series
of corollary studies. One area of particu-
lar interest has been whether to broaden
the restrictive enrollment criteria (55- to
74-year-old smokers and nonsmokers
with a smoking history of 30 pack-years
or greater) and how to make screening
more accessible outside of large urban
subspecialty medical centers. The focus
on large academic centers likely con-

tributed to the power of LDCT to detect
early lung cancer and the minimization
of risks of invasive follow up.

A number of societies with inter-
est in lung cancer screening have pub-
lished guidelines recommending LDCT
screening in certain instances, for the
most part employing the NLST inclusion
criteria as a reference. In July 2013, the
USPSTF, which previously regarded the
evidence regarding LDCT lung screen-
ing as insufficient, upgraded its recom-
mendation to a grade B recommendation
(“There is high certainty that the net
benefit is moderate or there is moderate
certainty that the net benefit is moderate
to substantial”’), concluding that “strong
evidence shows that LDCT screening

can reduce lung cancer and all-cause
mortality.”? Specifically, the USPSTF
recommendations are for LDCT screen-
ing in individuals between 55 and 79
years of age who have a 30-pack-year
history of smoking or have quit in the
past 15 years. The Affordable Care Act
mandates that private insurers cover low-
dose lung cancer screening based on the
USPSTF recommendations. In February
2015, a national coverage determination
(NCD) of CMS, whose beneficiaries
are typically 65 years or older, recom-
mended CT screening for adults between
55-77 years of age who have a 30 pack-
year history of smoking and who are cur-
rent smokers or have quit smoking in the
past 15 years.*
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Table 1. ACR Lung-RADS Categories'®
Category Descriptor Category Descriptor Primary Category Management
Incomplete - 0 Additional lung cancer screening CT
images and/or comparison to prior chest
CT examinations is needed
Negative No nodules and definitely 1 Continue annual screening with LDCT
benign nodules in 12 months
Benign appearance Nodules with a very low 2 Continue annual screening with LDCT
or behavior likelihood of becoming a in 12 months
clinically active cancer due
to size or lack of growth
Probably benign Probably benign finding(s) — 3 6 month LDCT
short term follow up suggested;
includes nodules with a low
likelihood of becoming a
clinically active cancer
Suspicious Findings for which additional 4A 3 month LDCT; PET/CT may be used
diagnostic testing and/or when there is a =8 mm solid component
tissue sampling is
recommended 4B Chest CT with or without contrast,
PET/CT and/or tissue sampling
depending on the probability of
malignancy and comorbidities.
PET/CT may be used when there is
a =8 mm solid component
Significant — other
Prior Lung Cancer C

Behavioral issues

With respect to the behavioral ef-
fects of screening upon smokers, the
“educational opportunity” provided in
communicating a scan result, whether
negative or indeterminate, is the subject
of past and present research and out-
comes modeling.’ One study showed
that 14% of smokers had quit (twice
the expected rate of the general popula-
tion) 1 year after LDCT screening while
another study demonstrated that absti-
nence rates increased from 20% to 24 %,
28% and 42%, respectively, if smok-
ers received 0, 1, 2 or 3 abnormal scan
reports over a 3 year period.”® In one
modeling analysis based on historical
data comparing the benefits of lung can-
cer screening and smoking cessation,
smoking cessation would have resulted
in a mortality reduction more than twice

that of LDCT lung cancer screening.’
Documentation of efforts to promote
smoking cessation is an important com-
ponent of the recent CMS NCD.

Quality of life has also been stud-
ied with respect to patients’ experi-
ences of screening in the NELSON
trial. Health-related quality of life
(HRQoL) and anxiety was not im-
pacted over time. In a separate study,
lung-cancer-specific distress increased
after an indeterminate or suspicious
result and significantly decreased after
a negative result.! In summary, smok-
ing behavior may be favorably altered
after LDCT screening without an ad-
verse effect on quality of life. Further
research is likely to be aimed at de-
creasing the subjectivity of smoking
cessation and quality of life parameters
to refine interventions.

Potential corollary benefits of
screening

Low-dose CT screening acquires im-
ages of the heart. Therefore, a potential
benefit may be its ability to quantify the
extent of coronary artery calcium and
risk for major adverse cardiac events in
heavy smokers. The evidence suggests
that such modeling is possible based
on screening lung LDCT.!" A number
of studies including the NLST have
collected biospecimens and a correla-
tion between biospecimen markers and
LDCT may ultimately prove valuable.'?

Potential shortcomings of low-dose
CT lung cancer screening

The benefits of CT-based lung cancer
screening are accompanied by several
drawbacks. Some of the limitations are
related to the heavy reliance of evidence
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from the NLST. Other unanswered
questions relate to the false positive re-
sults, cost-effectiveness and concerns
about radiation exposure.

Implications of relying primarily
on a single study

Nearly all of the current favorable
conclusions and recommendations re-
garding lung cancer screening with
LDCT are based on the NLST results.
While the NLST is regarded as a large
and well-designed study, no other ran-
domized trial to date has replicated its
results. Several smaller randomized
studies, including the Detection and
Screening of Early Lung Cancer by
Novel Imaging Technology and Molecu-
lar Essays (DANTE) published in 2009
and Danish Lung Cancer Screening Trial
(DLCST) published in 2012, showed
no difference in lung cancer mortal-
ity between the LDCT and the control
groups.'*!* It would be optimal to con-
firm screening efficacy with a second
large randomized trial. Such confirma-
tion may be provided by the NELSON
trial, which is scheduled for completion
within the next one to two years.

Applicability to both academic and
nonacademic settings

Potential screening centers need to
consider the technical and medical ex-
pertise available to the NLST screening
sites. The 20% mortality benefit from
the screening trial was achieved largely
at university medical centers with high-
throughput and experienced physicians
in multiple disciplines: radiologists,
pulmonologists, and thoracic surgeons
skilled at the diagnosis, management,
and operative treatment of lung can-
cer.2 The NCD by CMS outlines several
important criteria for reimbursement
including shared decision-making and
discussion of smoking cessation or
continued abstinence with the patient,
radiologist and imaging center eligibil-
ity criteria and participation in a CMS
approved registry such as that recently
developed by the American College of
Radiolgy (ACR).* Optimization of lung
cancer screening will surely involve

dedicated specialists working with a
multidisciplinary approach as well as
comprehensive ancillary medical sup-
port such as screening coordinators. It is
unclear whether a mortality advantage
similar to that of the NLST can be rou-
tinely achieved in a community setting.

False-positive results

False-positive results accounted for
96.4% of positive cases in the LDCT
group over 3 rounds of screening in
the NLST. In total, 24.2% of patients
screened with CT had a positive result.
While the bulk of false-positive find-
ings were resolved based on follow-up
studies, a non-trivial number of cases
required invasive diagnostic evalua-
tion. Among patients in the NLST with
positive screening results on LDCT,
2.2% underwent percutaneous biopsy,
4.3% underwent bronchoscopy, and
4.2% underwent a diagnostic surgical
procedure.'> Major complications from
invasive diagnostic evaluation were in-
frequent, occurring in 11.6% of patients
in the LDCT group of NLST who under
went such procedures.? False-positive re-
sults can potentially be minimized by the
use of additional imaging modalities and
sputum- or blood-based markers, and re-
search efforts are ongoing to define the
role of these approaches in screening.

An additional approach to reducing
false positive results is to increase the
threshold size of an actionable nodule.
In an effort to standardize lung cancer
screening reporting, the ACR in 2014
released the Lung-RADS classifica-
tion system (Table 1), which increased
the size threshold for a positive nodule
screen from 4 mm to 6 mm.'® Applying
this higher cutoff retrospectively to the
NLST data reduced the false positive
rate at baseline imaging from 26.6% to
12.8% at the expense of some sensitiv-
ity decrease (93.5%-4 mm threshold,
84.9% -6 mm threshold).!”

Cost effectiveness

Screening programs with LDCT
should ideally demonstrate cost-effec-
tiveness prior to widespread use. It is
estimated that implementation of the

LUNG CANCER SCREENING

USPSTF recommendations by Medi-
care and other carriers would lead to a
rapid increase in healthcare utilization
with eligibility of 94 million smokers
and ex-smokers in the United States.
The upfront cost of annual LDCT is
about $300 (based on the Medicare re-
imbursement benchmark) per screened
individual, whereas the downstream
costs related to diagnostic workup and
treatment are more substantial. A re-
cent report based on NLST data esti-
mated that LDCT screening for lung
cancer would cost $81,000 per quality
of adjusted life years (QALY) gained
(QALY< $100,000 is generally con-
sidered cost-effective) but the authors
noted slight differences in the way
screening is implemented might sub-
stantially alter this number.'® Another
public health goal is to ensure avail-
ability of screening across all socioeco-
nomic groups. Quality of life data from
the NLST are pending and will provide
further insight into the economics of
lung cancer screening.

Another aspect of cost is the expense
related to organization and maintenance
of a LDCT lung screening program. As
noted, this will require adherence to the
new CMS guidelines and integration of
the efforts of multiple specialists who
will provide care the subject during the
course of screening and its aftermath.
The business plan also must include the
cost of hiring an individual who will
oversee and coordinate the entire pro-
cess. Additional expenditures may be
incurred in marketing such a program.

Ionizing radiation concerns

The linear no-threshold model pro-
poses that a carcinogenic risk of ion-
izing radiation exists even at low
diagnostic doses. LDCT carries an esti-
mated effective dose of 1.5 mSv, com-
pared to annual background radiation
exposure of 2.4 mSv in the US and a
mean effective dose of 0.052 mSv from
a PA chest radiograph in the NLST.!?
On average, NLST participants re-
ceived 8 mSv over 3 years account-
ing for both screening and additional
downstream testing.?? One estimate
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stated that a female smoker who under-
goes annual screening from 50 to 75
years of age would encounter a 0.85%
increase in lung cancer risk from the
radiation exposure.?! Referring physi-
cians should be cautioned that younger
patients with a longer lifetime risk for
radiation-induced cancer may not ben-
efit as much from screening. Strategies
such as the use of iterative reconstruc-
tion technology to reduce radiation ex-
posure should be employed in addition
to adherence to appropriate standards
for LDCT screening.

Other

Even with the finding of a mortality
advantage in the NLST, the potential
for overdiagnosis (disproportionately
greater diagnosis of indolent or non-
life threatening cancer by screening) of
lung cancer exists. Patz et al observed
that 18% of lung cancers identified in
the NLST were indolent and might re-
flect overdiagnosis.?? In addition, it
is conceivable that a negative LDCT
screening result might provide false
reassurance that lung cancer is absent
in individuals where it is later found.
Small central nodules and airway le-
sions are difficult to detect on LDCT.

Future considerations

The publication of the NLST and
subsequent favorable recommendations
by the USPSTF and CMS are appropri-
ately viewed as encouraging develop-
ments. The implementation of the CMS
NCD is evolving and such issues as the
final status of CMS-approved registries,
coding and reimbursement remain to be
elucidated. The new ACR lung-RADS
classification shows promise but has yet
to be applied widely in clinical practice.

As further advances in CT technol-
ogy occur, it will be vital to optimize
acquisition parameters while minimiz-
ing radiation dose and determining the
proper role for ancillary technologies
such as computer-aided detection. As-
suming there are no contradictory data
or other unforeseen issues that call into
question the results of the NLST, it will
be important to further define the ideal
patient for lung cancer screening and
refine the management algorithm that
follows screening. Most critically, it
will be imperative to educate both phy-
sicians and potential subjects as to best
practices in LDCT lung screening.
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