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Purpose of Review Lung cancer is the leading cause of cancer deaths in the USA. Computed tomography (CT) offers the
potential for early detection by screening asymptomatic high-risk patients. We aimed to review the benefits and potential harms
of lung cancer screening, discuss the logistics of a screening program, and provide insight from our own experience.

Recent Findings The National Lung Screening Trial (NLST), a large population-based study, has demonstrated mortality benefit
from screening, but relatively few eligible patients currently participate. An effective screening program requires input and coop-
eration from multiple stakeholders. Effort should be made to actively engage patients in the process including a thorough discussion
of benefits and possible harms. At our institution, this approach has resulted in a rapidly growing and sustainable program.
Summary Lung cancer screening has proven mortality benefit in high-risk patients but is underutilized. Developing and growing
a screening program is a complex process requiring coordination among multiple specialties with a focus on patient autonomy.

Keywords Lung cancer screening - Low-dose chest CT - Lung-RADS

Introduction

Screening high-risk patients for lung cancer with low-dose
chest computed tomography (LDCT) has demonstrated a sig-
nificant mortality benefit in a large randomized clinical trial,
the National Lung Screening Trial (NLST), published in 2011.
Subsequently, in 2013, the US Preventative Services Task
Force (USPSTF) issued a grade B recommendation for annual
lung cancer screening (LCS) with LDCT, and provisions for
reimbursement by the Centers for Medicaid and Medicare
Services (CMS) followed shortly thereafter. Despite these de-
velopments, screening is considerably underutilized in the
USA with less than 4% of eligible patients participating as of
2016 [1, 2]. Broader implementation of LCS presents a major
public health opportunity with the potential to prevent thou-
sands of lung cancer deaths each year.

An effective LCS program should strive to provide care com-
parable to centers that participated in the NLST. While imaging
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plays a central role in screening, implementation requires a mul-
tidisciplinary effort that begins and ends outside the radiology
department. Input from multiple stakeholders is essential includ-
ing pulmonology, thoracic surgery, and primary care.

At the University of Cincinnati, our multidisciplinary ap-
proach to LCS has given rise to a thriving clinical practice that
currently screens about 120 patients per month and continues
to grow rapidly. Since inception in 2012, our program has
detected over 50 confirmed lung cancers, and the majority of
these patients have successfully undergone surgical resection.

In this article, we discuss current evidence in support of
LCS, critical elements required to implement an effective
LCS program, and insights gleaned from our own institutional
experience. Potential harms including radiation exposure and
over-diagnosis are also reviewed.

Why Screen for Lung Cancer?

Despite falling rates of smoking in the USA, lung cancer re-
mains the leading cancer killer among both men and women
[3]. In 2018 alone, lung cancer accounted for an estimated
150,000 deaths nationwide representing 25% of all cancer-
related mortality.

Prognosis and survival rates for non-small cell lung cancer
(NSCLC) are generally poor but depend significantly on
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initial staging. For stage IA disease, surgical excision is often
curative, and 5-year survival exceeds 80%. Conversely, those
who present with stage [IVB disease are not surgical candi-
dates and have a 2-year survival of only 10%. Since most lung
cancers are clinically silent until advanced stages, early detec-
tion among asymptomatic individuals presents the possibility
of drastically decreasing mortality.

Lung cancer screening was initially trialed in the 1970s
with chest x-ray (CXR) and sputum cytology surveillance,
but no mortality benefit was demonstrated [4]. Advances in
multi-detector computed tomography (CT), however, have
now made rapid high-resolution imaging of the chest feasible,
providing a more sensitive screening modality.

The National Lung Screening Trial (NLST), funded by the
National Cancer Institute, set out to determine if screening
with LDCT could reduce lung cancer mortality [5e¢]. More
than 53,000 participants were enrolled. Eligibility criteria in-
cluded an age between 55 and 74, at least a 30-pack-year
smoking history, and either currently smoking or quit within
the past 15 years. Subjects were randomly assigned to annual
screening with either LDCT or CXR over a 2-year period for a
total of three exams and followed for an average of 6.5 years.
The radiologist’s interpretation and recommendations were
reported to the participant and his/her healthcare provider,
but no standardized algorithm for the management of positive
screening exams was mandated.

Results from the NLST were reported in 2011, demonstrat-
ing a 20% relative reduction in lung cancer mortality in the CT
group versus the CXR group. More recently, similar results
were demonstrated in Europe through the NELSON trial
where over 15,000 patients from Belgium and the
Netherlands were randomized to low-dose screening CT or
usual care [6].

Since over 8 million Americans meet the NLST eligibility
criteria [7], the implications for public health are significant:
CT screening has the potential to prevent an estimated 12,000
deaths per year, and US public health agencies have taken
necessary steps to make screening accessible. The USPSTF
issued a grade B recommendation in 2013, mandating cover-
age of LCS for those with private insurance. CMS followed
suit in 2015 with reimbursement provisions. All insured
Americans who meet eligibility criteria can now be screened
without incurring out-of-pocket costs for an annual CT (al-
though additional costs may be incurred for subsequent imag-
ing and other tests if the screening exam is positive).

Implementation: A Multidisciplinary
Approach

The American College of Radiology (ACR) in collaboration
with Society of Thoracic Radiology has provided practice
parameters [8] while the American College of Chest

Physicians and American Thoracic Society have issued policy
statements [9] which provide a framework for lung cancer
screening programs.

Establishing a successful LCS program requires a step-
wise approach with input and communication among multiple
specialties. While imaging plays a central role, the screening
process begins and ends outside the radiology department.
Critical elements of an effective program include a Program
Coordinator (PC), usually a registered nurse, who is involved
in nearly every step of the process and facilitates timely com-
munication and cooperation between the specialists, referring
physician, and patient. A multidisciplinary tumor board is also
essential, providing a venue for specialists to discuss complex
cases and arrive at a consensus for management.

At the University of Cincinnati, our LCS program was
founded in 2012 by a small group of physicians representing
thoracic surgery, pulmonology, radiology, and oncology. One
of the greatest initial hurdles was to justify the hiring of a full-
time employee (the PC) to hospital administrators, since direct
revenue from the LCS exams was not expected to cover this
cost. Ultimately, the expense was supported on the basis of the
secondary income that would inevitably follow, as every new
diagnosis of lung cancer has the potential to generate substan-
tial revenue for multiple specialties within the hospital system.
This anticipated benefit proved correct since more than 90%
of screening patients with confirmed lung cancers have cho-
sen to remain within the UC Health network for treatment. As
a result, the program achieved financial sustainability within
the first year.

Patient education and recruitment are generally the greatest
challenges for any LCS program, and our efforts in this area
have led to robust and sustained growth (Fig. 1). In our expe-
rience, outreach to primary care providers is the single-most
effective method of increasing patient volume. An estimated
42% of primary care physicians are not aware of the USPSTF
guidelines for lung cancer screening [10], and unlike other
preventative services such as mammography or hemoglobin
Alc screenings, assessment for LCS eligibility is not currently
considered a quality measure. Other patient recruitment initia-
tives at our institution include radio advertising and participa-
tion in community health events such as employer health fairs.
One of our team members has also highlighted the benefit of
LCS on local TV networks.

Once a potential screening patient has been identified, the
next step in our program is for the patient or primary care
physician to contact the screening Program Coordinator by
telephone. Eligibility must first be verified. For private insur-
ance, asymptomatic patients with at least a 30-pack-year
smoking history between the ages of 55 and 80 are eligible,
provided they are a current smoker or have quit in the past
15 years. For Medicare, criteria are similar but the age range is
55 to 77. We allow patients who exceed the respective age
limits or those who have quit smoking more than 15 years ago
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Fig. 1 University of Cincinnati Lung Cancer Screening Program, exam volume by fiscal year

to participate in screening, but payment under those circum-
stances is out-of-pocket. Medical comorbidities that might
preclude therapy are discussed with the patient, but we do
not exclude patients from screening on the basis of existing
medical conditions.

Medicare mandates a “counseling and shared decision
making visit” prior to screening. To fulfill this requirement,
a visit with a physician or qualified non-physician practi-
tioner must cover multiple elements of LCS including eli-
gibility criteria, the benefits and harms of screening, im-
pact of comorbidities on the ability to undergo further di-
agnosis and treatment, and counseling on the importance of
smoking cessation. While this visit is ordinarily performed
by a primary care provider, in our experience, the Program
Coordinator is in many cases better equipped to answer
specific patient questions or address concerns, so our
Program Coordinator performs a separate shared
decision-making discussion via telephone with all patients
(Medicare, private insurance, and self-pay) prior to screen-
ing. To further engage the patient in the process, we also
ask that he or she sign a written consent form that reviews
the benefits and potential harms. Once these steps are com-
plete, the patient is scheduled for a screening exam.
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The LCS exam is similar to a standard non-contrast CT
chest with a few important differences. First, the CT order
is placed by one of our thoracic surgeons or pulmonologists
participating in the LCS program (rather than the referring
provider) to ensure that positive exams are systematically
flagged for follow-up. To assist the radiologist and CT
technologist with proper protocolling, we have created a
specific order for lung cancer screening in our electronic
medical record system (EMR) which is separate from that
of a non-contrast CT chest. Second, a low-dose CT tech-
nique is utilized in which the x-ray tube current (mA) is
fixed at a relatively low level, and the pitch (table distance
traveled per gantry rotation) is increased, resulting in a
significant reduction in radiation dose (Table 1). The major
tradeoff of the low-dose technique is reduced signal yield-
ing noisier images, particularly in the mediastinum and up-
per abdomen; however, since the lung parenchyma is an
inherently high-contrast tissue, this reduction in image qual-
ity has minimal impact on the detection of pulmonary nod-
ules. Third, the CT technologist instructs the patient to
cough vigorously immediately before scanning, helping to
clear mucus secretions in the airway which can mimic
endobronchial lesions.
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Table 1 Comparison of standard
and low-dose CT chest protocols Chest CT protocols
at our institution
Standard Low dose
Tube current (mA) Modulated range, 100-560 Fixed according to
patient body habitus:
Thin 65
Average 90
Plus 120
Tube potential (kV) Variable range, 80—120 Fixed, 120
Pitch 0.992 1.375

Medicare requires that LCS exams be interpreted by board
eligible/certified radiologists who have read at least 300 chest
CTs over the past 3 years. At our institution, these studies are
read exclusively by dedicated thoracic subspecialists. Other
requirements include submission of data for each exam (pa-
tient identifier, smoking history, radiation dose, etc.) to the
American College of Radiology (ACR) registry to generate
data for benchmarking.

Findings should be reported with a standardized lung
nodule identification, classification, and reporting system.
Structured reporting and the Lung-RADS system developed
by the American College of Radiology (ACR) provide for
consistent, clear, and concise communication of results.
Lung-RADS is modeled after the popular BI-RADS system
for mammography, providing a standardized classification
for lung nodules based on their size, stability, and other
imaging characteristics (Table 2). Normal exams, those with
clearly benign nodules, and small nodules that have a high
probability (>99%) of being benign are classified as Lung-
RADS 1 and 2 respectively, and continued annual screening
is recommended. Nodules which are likely benign (<5%

Table 2

probability of being malignant) are assigned Lung-RADS 3
and are usually amenable to 6-month follow-up. Nodules
with solid components greater than 8 mm which are new,
growing, or present on a baseline exam are classified as
Lung-RADS category 4A, 4B, and 4X depending on the
presence of suspicious features. Exams that require outside
imaging for comparison or are incomplete for other reasons
should be classified as Lung-RADS 0.

A subtle but important feature of the Lung-RADS algo-
rithm is that nodule suspicion is based on the probability of
clinically active cancer. The potential for over-diagnosis of
indolent neoplasms is addressed by classifying sub-solid nod-
ules (which are unlikely to be clinically active) into Lung-
RADS categories 2 and 3 [11¢].

The radiologist should also report any incidental findings
and appropriate recommendations for clinical follow-up. The
Lung-RADS system provides an “S” modifier for findings
other than lung cancer that the radiologist considers clinically
significant. For example, an exam that is negative for lung
cancer with an incidental finding of an esophageal mass
would be categorized as 1S.

Summary of Lung-RADS categories and management recommendations

Lung-RADS summary

Category Descriptor Management

Incomplete Comparison to priors is needed, or lung parenchyma 0 Perform additional imaging and/or obtain prior studies
is incompletely evaluated

Negative No nodules and definitely benign nodules Continue annual LDCT screening

Benign appearance or behavior ~ Very low likelihood of becoming

clinically active cancer
Probably benign

Suspicious

Significant other
Prior lung cancer

Low likelihood of becoming clinically active cancer 3

Findings for which additional diagnostic testing 4A
and/or tissue sampling is recommended

2 Continue annual LDCT screening

6-month follow-up LDCT
3-month follow-up, CT/PET, or tissue sampling

4B Chest CT with and without contrast,
4X CT/PET or tissue sampling

S As appropriate to the specific finding
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The “C” modifier is used if the patient has a personal his-
tory of lung cancer, while an “X” modifier is used for imaging
findings that are highly suspicious for lung cancer.

In the case of a negative screening exam (categories 1 or
2), the Program Coordinator relays these results and any
incidental findings to the primary care physician. The pa-
tient also receives a mailed letter explaining the result in
layman’s terms.

For all exams where the radiologist believes further discus-
sion would be beneficial including all Lung-RADS 4 exams,
the radiologist alerts the Program Coordinator who then pre-
sents the case at our weekly thoracic tumor board. This mul-
tidisciplinary team predated our LCS program and was origi-
nally established as a venue to discuss complex thoracic on-
cology cases. Once the LCS program was created, review of
positive screening exams became a natural extension of the
board’s responsibilities. Tumor board members include the
LCS Program Coordinator and physicians representing radi-
ology, nuclear medicine, pulmonology, thoracic surgery, pa-
thology, medical oncology, and radiation oncology.

Management of Lung-RADS 4 exams can be complex and
often requires input from multiple specialties to plan the ap-
propriate next step. The degree of suspicion for lung cancer,
amenability of the nodule to biopsy, and other associated find-
ings such as hilar lymphadenopathy are considered. In the
majority of these cases, suspicion is relatively low (Lung-
RADS 4A), and a 3-month follow-up CT is performed.
Solid nodules that demonstrate greater than a 3-month stabil-
ity have a very low probability of malignancy and are
reclassified as Lung-RADS 2. When the degree of suspicion
is higher (4B and 4X), the tumor board may recommend con-
sultation with a thoracic surgeon and/or CT/PET to assess the
metabolic activity of the nodule and assess for other hyper-
metabolic lesions such as lymph nodes that may be targets for
biopsy. (Lung-RADS also lists CT chest with and without
contrast as an option to further evaluate 4B and 4X lesions;
however, in our experience, these exams are unlikely to
change management.)

We rarely proceed to invasive procedures for tissue sampling
without first obtaining a short-interval follow-up or CT/PET.
This relatively conservative approach has resulted in fewer than
10 invasive procedures performed on patients in our screening
population in which lung cancer was not confirmed, a rate much
less than that reported in the NLST. The majority of these pro-
cedures were bronchoscopy performed for a suspected
endobronchial lesion that turned out to be focal mucus secre-
tions. As a result, we now almost always recommend a short-
interval follow-up CT for possible endobronchial nodules prior
to any intervention.

Tumor board consensus is communicated by the Program
Coordinator to the referring physician and the patient. The
radiologist dictates an addendum to the LCS report to docu-
ment multidisciplinary recommendations. If the ensuing
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workup does confirm lung cancer, the case may be referred
back to tumor board to discuss therapeutic options.

Additional Benefits of Screening

An interesting secondary finding in the NLST was a statisti-
cally significant relative reduction in all-cause mortality of 7%
among the CT group versus radiography, an effect which can-
not be attributed to lung cancer-specific mortality alone.
While the underlying reasons for this reduction are not entirely
clear, it is possible that detection of pathology other than lung
cancer was a contributing factor. A typical CT of the chest
images a substantial amount of extrapulmonary anatomy in-
cluding the lower neck, mediastinum, breasts, upper abdo-
men, and musculoskeletal structures. The lung cancer screen-
ing CT is an opportunity to identify a myriad of possible
incidental findings which may be clinically significant.
(While often a benefit, this can also be considered a risk of
screening given that some of these findings may not be clin-
ically relevant but lead to additional testing and procedures.)

One example of a potential ancillary benefit is an evalua-
tion for coronary artery disease. Calcium within the coronary
arteries is easily visualized on non-contrast CT and serves as a
reliable biomarker for the presence of atherosclerosis.
Smokers who meet LCS criteria have a relative risk of death
from coronary artery disease that is greater than 3 times that of
the general population, and this risk can be partially mitigated
by smoking cessation. Thus, recognition of coronary artery
disease in these patients serves two purposes for the referring
provider: not only can it direct improved medical management
but it may also lead to a more meaningful conversation re-
garding the benefits of smoking cessation and other lifestyle
modifications [12¢].

Dedicated CT imaging for coronary artery calcium scoring
has been utilized in clinical practice for over a decade. These
exams typically rely on the Agatston method to calculate an
objective score ranging from 0 to >400. This score provides
prognostic information for coronary artery events beyond that
determined by the Framingham risk score [13]. Moreover,
rapid progression of the calcium score is an independent risk
factor for all-cause mortality [14].

The Agatston method is not currently feasible for LCS
exams, as use of the required software is not reimbursed,
and the method has not been specifically validated for CTs
performed without EKG gating; however, a non-quantitative
gestalt assessment of coronary artery calcification by the radi-
ologist is likely a non-inferior technique [15]. For every LCS
CT performed at our institution, coronary artery calcium is
subjectively assessed by the radiologist on a four-level scale
(none, mild, moderate, and severe). As referring physicians
often read only the impression section of a radiology report
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[16], we reiterate the coronary calcium score in the impression
for all LCS examinations.

Low-dose CT also allows for detection of asymptomatic
thoracic aortic disease including aneurysm formation or aortic
valve calcification. Almost 4% of cardiovascular deaths in the
NLST were related to aortic aneurysm or dissection. While
aortic caliber is influenced by multiple factors including gender
and body surface area [17], an ascending aorta diameter greater
than or equal to 4 cm is considered dilated and should be
reported [18]. Saccular aneurysms are less common but con-
sidered higher risk and should be reported regardless of size.

Other possible benefits include the detection of
extrapulmonary neoplasms. In the NLST, 0.39% of partici-
pants in the CT group had extrathoracic cancers that were
diagnosed during screening with kidney, thyroid, and liver
cancers being the most common [19].

Potential Harms

While the benefits of LCS are well-established, there are sev-
eral potential harms that may arise from screening. These
should be disclosed to the patient during the shared
decision-making discussion, and such risks should be mini-
mized to the extent possible.

All CT scans involve exposure to ionizing radiation, a
known risk factor for multiple types of cancer. For screen-
ing CTs performed with low-dose technique, effective dose
is typically in the range of 2—3 mSy, slightly less than the
average annual radiation dose from natural sources. For
perspective, a single dose of 1000 mSv (1Sv) is estimated
to increase lifetime cancer risk by 5%. Latency for
radiation-induced solid tumors ranges from 5 to 40 years
[20] which in many cases would exceed the life expectancy
of patients in the screening population. Therefore, a lung
cancer screening CT likely poses a minimal but non-zero
risk of inducing future malignancy.

Any cancer screening test must demonstrate high sensitiv-
ity to be effective, and false-positive tests are inevitable. In the
NLST, a total of 18,146 positive CTs were reported, and lung
cancer was confirmed in 649 cases. The overwhelming ma-
jority of these were due to benign pulmonary nodules such as
intrapulmonary lymph nodes or granulomas which were
shown to be stable on follow-up exams. In some instances,
however, patients were subjected to invasive procedures and
associated complications.

Lung biopsy options include surgical wedge resection, CT-
guided FNA, and endobronchial approaches. These are gen-
erally considered more invasive than those performed in other
cancer screening settings such as mammography or colonos-
copy, with major possible complications including pneumo-
thorax, severe hemorrhage, and air embolism [21]. Among
patients in the NLST with positive CT findings, 1125 invasive

procedures were performed with 245 reported complications,
the majority of which were classified as intermediate or major
severity. Nearly half of these biopsies (46%) did not confirm
lung cancer.

It should be noted that the NLST did not dictate specific
criteria for managing CT results, including when to recom-
mend follow-up or tissue sampling; therefore, current man-
agement is likely much more conservative. In fact, retrospec-
tive application of Lung-RADS to the NLST population re-
duces the false-positive rate from 26.6 to 12.8% [22¢°].

False positives are of particular concern in geographic
areas where endemic fungal infections are common. The
University of Cincinnati is located within the Ohio River
Valley, a region where up to 90% of the population has been
exposed to histoplasmosis. Pulmonary histoplasmosis is gen-
erally asymptomatic in immunocompetent individuals, but the
ensuing granulomatous response often produces small pulmo-
nary nodules that can mimic early lung cancer on CT. Many of
these nodules demonstrate benign characteristics such as cen-
tral calcification, but some do not, increasing the probability
of false-positive exams in our population.

In the early 2000s, our institution undertook a pilot study to
determine if LCS was feasible under these circumstances. As
expected, initial screening exams were positive at a rate sig-
nificantly higher than the national average (28% of baseline
screening exams would have been classified as Lung-RADS 3
or greater). However, in our experience, these initial false
positives rarely lead to unnecessary invasive procedures.
Granulomas typically show long-term stability or very slow
growth in contrast to invasive lung cancer; thus, short-term
follow-up can differentiate these entities and significantly cur-
tail the number of benign biopsies. In the pilot study, a follow-
up algorithm very similar to the current Lung-RADS guide-
lines was utilized for small nodules, and nodules greater than
8 mm were managed per tumor board consensus. Using this
protocol, no benign biopsies were performed, and no cancers
were missed. Our experience in the LCS program has been
similar; after 7 years of screening, fewer than 10 invasive
procedures have been performed as a result of LCS findings
in which lung cancer was not confirmed.

The possible psychological impact of false-positive results
on patients should also be acknowledged. While high-quality
studies on this topic are sparse, current literature indicates that
screening participants experience temporary distress after a
positive or indeterminate result [23], but long-term psycholog-
ic outcomes for screened patients versus control are similar
[24]. In our experience, proactive communication with the
patient tends to mitigate the anxiety associated with a positive
exam. Explanation of the typical steps that are required for
further workup (short-interval follow-up, additional imaging,
etc.) and emphasis on the fact that most positive results do not
result in a cancer diagnosis should be included in the shared
decision-making process.
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Conclusion

Screening high-risk individuals for lung cancer offers the pos-
sibility to prevent thousands of deaths each year. Despite re-
cent actions by US public health agencies to increase access,
relatively few eligible patients currently undergo screening,
and much of this potential remains untapped. Establishing
and growing a lung cancer screening program requires coop-
eration among multiple stakeholders. Critical elements of a
successful program include a Program Coordinator who is
involved in nearly every step of the screening process, a venue
for multidisciplinary decision-making, and an emphasis on
patient autonomy.
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