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As of October 2017, Baptist 
Health South Florida had 
screened more than 2400 pa-

tients at high risk for lung cancer with 
low-dose CT (LDCT). Here we will 
present our initial experience devel-
oping an LDCT lung cancer screening 
program, and our strategy for ensuring 
its success. This strategy included or-
ganizing a multidisciplinary team, de-
fining local opportunities, developing 
standardized workflows, launching a 
marketing campaign, and implement-
ing quality improvement (Figure 1). We 
believe this article can serve as a useful 
guide for other community health sys-
tems aiming to establish their own lung 
cancer screening programs. 

Baptist Health South Florida is a 
non-profit community health system, 
spanning Miami-Dade, Broward and 
Monroe counties in southeastern Flor-

ida. We initiated a lung cancer screen-
ing program in November 2013, and 
subsequently became an American Col-
lege of Radiology (ACR) Lung Cancer 
Center of Excellence. 

Developing a successful lung cancer 
screening program within a large com-
munity health system such as ours pre-
sented unique challenges that had not 
been extensively reviewed at the time 
of this writing. Implementation of lung 
cancer screening throughout the coun-
try depends on data relevant to individ-
ual practitioners and health systems. 
Therefore, there is a need for commu-
nity-driven data on CT lung cancer 
screening. 

About lung cancer and  
screening programs

As the leading cause of cancer death 
in the United States (221,200 new 
cases and 158,040 deaths estimated for 
2015),1 lung cancer is an attractive tar-
get for screening. Results from the land-
mark National Lung Screening Trial 
(NLST)2, 3 in 2012 demonstrated a 20% 
reduction in lung cancer-specific mor-
tality among CT-screened participants 
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compared to participants screened with 
chest radiography. 

The mortality benefit of CT screening 
was likely underestimated, as subjects in 
the NLST were followed for only a short 
time. In December 2013, the United 
States Preventative Services Task Force 
(USPSTF) issued a grade B recommen-
dation for LDCT lung cancer screening,4 
which preceded a positive coverage de-
cision by the Centers for Medicare and 
Medicaid Services (CMS) in February 
2015.5 Consequently, millions of Amer-
icans at high risk for lung cancer are now 
eligible for LDCT lung screening with-
out insurance co-payment. 

Since the release of the NLST re-
sults, guidelines and best practices for 
responsible lung cancer screening were 
conceived by a team of health profes-
sionals at the Lung Cancer Alliance, 
which evolved into the National Frame-
work for Excellence in Lung Cancer 
Screening and Continuum of Care. 
To complement this effort and ensure 
high-quality standards for LDCT lung 
cancer screening and reporting, the ACR 
developed the Lung Imaging Reporting 
and Data System (Lung-RADS), a struc-
tured, decision-oriented reporting sys-
tem analogous to the BI-RADS system 

widely used in breast cancer screening.6 
Lung-RADS is intended to link pulmo-
nary nodule management pathways to 
the variety of nodules encountered on 
LDCT screening exams, and to mini-
mize the rate of false-positive studies. 

Recognizing the potential impact for 
LDCT screening to lower lung cancer 
mortality, the ACR later introduced 
the Lung Cancer Screening Center 
designation, built upon the ACR CT 
accreditation program.7  For a facility 
to be granted CT accreditation, it must 
receive a passing score in several areas 
of evaluation, including personnel qual-
ifications, quality control/quality assur-
ance, and image quality.8  

The number of hospital systems and 
health care networks offering CT lung 
cancer screening has dramatically in-
creased over the past several years. As 
demand for lung cancer screening in-
creases, there is a need to validate the 
performance and feasibility of LDCT 
screening in clinical practice. McKee 
et al6 recently reported on the perfor-
mance of ACR Lung-RADS applied 
to the lung cancer screening program at 
Lahey Clinic, an academic hospital in 
Burlington, MA. Between January 2012 
and May 2014, more than 2000 high-risk 

patients were screened at Lahey Clinic 
with LDCT, and the application of ACR 
Lung-RADS increased the positive pre-
dictive value of screening by a factor of 
2.5 compared to using positive thresh-
olds from NLST. In a separate review, 
Lanni et al9 reported early results from 
the implementation of an LDCT lung 
cancer screening program at the Beau-
mont Health System, a large academic 
medical center in Royal Oak, MI. 

Baptist Health’s strategy for building 
a screening program  
Organize a multidisciplinary team 

The initial step toward establishing an 
effective lung cancer screening program 
is assembling a strong multidisciplinary 
planning team. At Baptist Health South 
Florida (BHSF), our planning team in-
cluded physician stakeholders from 
radiology, pulmonary medicine, car-
diothoracic surgery, and primary care. 
Two part-time-equivalent nurses were 
included to serve as “patient navigators,” 
an essential link among patients, refer-
ring providers, and clinicians with exper-
tise in lung nodule management. Other 
key personnel on the planning team in-
cluded a lead CT technologist and hos-
pital administrators. A well-respected 
physician champion was appointed from 
radiology to lead the planning team and 
serve as Program Director. The Program 
Director should satisfy ACR criteria for 
Lung Cancer Screening Center designa-
tion, including interpretation of at least 
200 chest CT exams during the prior 36 
months.7   

Define local opportunities and 
challenges 

Once the planning team has been as-
sembled, the Program Director should 
establish a clear vision for the program 

FIGURE 2. Baptist Health South Florida lung cancer screening flowchart. 

Table 1. Screening eligibility and scan parameters for low-dose  
CT lung cancer screening at Baptist Health South Florida 

 
Inclusion Criteria  
1.  Age 55-80 years, and  
2.  ≥30 pack-year history of smoking, and 
3.  Currently smoking or quit smoking less than 15 years ago  
 
CT Scan Parameters  
 Body Mass Index  kVp  mAs (fixed)  Rotation Time 
 <35 kg/m2  100  35  0.5s 
 ≥35 kg/m2  100  70  0.5s 
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and set a realistic timeline for imple-
mentation. In preparation for the es-
tablishment of a new Miami Cancer 
Institute at BHSF, organ-specific dis-
ease management teams were created. 
The thoracic team was tasked with de-
veloping a CT lung screening program 
as part of a comprehensive approach 
toward identifying individuals at high 
risk for cancer. As the largest health 
system in Miami-Dade County, BHSF 
was uniquely positioned to provide 
broad geographic reach and a compre-
hensive diagnostic and treatment plan, 
including fellowship-trained chest and 
interventional radiologists, pulmonol-
ogists, and thoracic surgeons. A nurse 
specialist was also engaged to become 
the thoracic nurse navigator for the 
program. A flowchart should be devel-
oped that incorporates the process of 
order placement, patient screening, CT 
screening, and communication follow 
up. The flowchart should account for 

existing local policies and procedures to 
ensure smooth implementation. A sam-
ple flowchart from BHSF is included in 
Figure 2. 

Eligibility criteria for annual LDCT 
lung screening covered by CMS include 
asymptomatic individuals aged 55-77 
years with a high-risk tobacco smoking 
history, defined as at least 30 pack-years 
who are currently smoking or who had 
quit within the past 15 years. While age 
77 is the maximum age set by CMS, the 
USPSTF recommended an upper age 
limit of 80 years for screening; this was 
the limit adopted by BHSF (Table 1).5  

As the program was initiated in 2014, 
before insurance reimbursement for CT 
screening was widespread, the self-pay 
cost for the CT examination was set at 
$35. Practice parameters and technical 
standards for performance of LDCT 
lung cancer screening should be re-
viewed by the planning team to ensure 
all requirements are satisfied by the 

program at all of its imaging sites. CMS 
mandates a maximum dose threshold 
for CT lung screening defined by a vol-
umetric CT dose index (CTDIvol) of 3 
mGy for a standard-sized patient (5 feet 
7 inches, 155 pounds) , with appropri-
ate dose reduction for  smaller patients 
and appropriate dose increase for larger 
patients. At BHSF, mAs is adjusted by 
body mass index (BMI), with 35 mAs 
used for smaller patients (BMI < 35 kg/
m2) and 70 mAs used for larger patients 
(BMI ≥35 kg/m2). 

Develop a standardized workflow 
Establishing a standardized workflow 

for lung cancer screening is essential for 
the program to function smoothly. This 
becomes especially important to main-
tain consistency if CT imaging will be 
acquired across multiple imaging sites. 
Appropriate patient selection criteria 
must be rigidly followed to ensure reim-
bursement for the screening CT exams. 
A flowchart of the BHSF workflow is 
depicted in Figure 2. Standardized in-
take forms are generated by a nurse 
navigator who contacts the patient prior 
to the CT appointment to verify eligi-
bility. Currently, BHSF does not accept 
self-referrals for lung cancer screening, 
and all patients are required to have a 
physician referral to ensure clinical fol-
low up of abnormal results. Appointment 
reminders are generated by phone and 
regular mail to minimize the number of 
no-shows. 

Only physicians credentialed in di-
agnostic radiology and radiation safety 
can review LDCT lung cancer screen-
ing exams and claim reimbursement. 
Per CMS guidelines, interpreting phy-
sicians must be board certified or board 
eligible by the American Board of Ra-
diology or an equivalent organization. 
Further, interpreting physicians must 
have at least 300 documented chest CT 
cases over the preceding 3 years and 
must actively participate in continuing 
medical education (CME). 

Structured reporting for lung can-
cer screening is essential to promote 
clear communication of results to guide 
appropriate patient management. The 

FIGURE 3. Sample standardized reporting template for LDCT  lung cancer screening. 
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Lung-RADS lexicon should be utilized 
in the radiology report, including a final 
Lung-RADS assessment category and 
management recommendation. The 
structured reporting template used at 
BHSF is depicted in Figure 3. Descrip-
tors for nodule location, morphology 
(solid, part-solid, ground-glass), size, 
attenuation (soft tissue, fat, calcifica-
tion), and margins (spiculated, lobu-
lated, smooth) should be included in the 
Findings section. At BHSF, additional 
qualitative assessment of coronary artery 

calcification (severe, moderate, mild, 
none) is reported for low-dose screen-
ing CTs to facilitate primary prevention 
of coronary artery disease, as recom-
mended by ACR, Society of Cardiovas-
cular Computed Tomography (SCCT) 
and the Society of Thoracic Radiologists 
(STR).10 There is considerable risk fac-
tor overlap for lung cancer and athero-
sclerotic heart disease. Coronary artery 
calcification can be readily observed on 
non-gated chest CT and correlates with 
adverse cardiovascular events.11  

Launch a marketing campaign 
Strategic marketing of a lung can-

cer screening program is essential for 
the program to grow and succeed. Suc-
cessful practices recognize the value of 
marketing in targeting for both patients 
and referring physicians. Most patients 
are unaware that lung cancer screening 
programs exist, or that most insurance 
providers will cover CT screening with 
no out-of-pocket cost. Opportunities for 
effective, low-cost marketing include 
presentations at grand rounds, patient 
educational seminars, and in-person 
visits with local physician practices. 
Online marketing through social media 
and other platforms have become in-
creasingly important for medical practice 
growth, as more patients and referring 
physicians seek healthcare resources on 
the web.12   Online marketing opportu-
nities include search engine optimized 
blogs, social media (including Facebook, 
Twitter, LinkedIn), and targeted emails. 
Other marketing strategies such as news-
paper, radio and television advertise-
ments can also be highly effective, but 
at a higher cost. At BHSF, we sparingly 
used advertisements on public radio, 
but largely we leveraged in-system re-
sources. Advertisements went into Bap-
tist-produced patient-oriented magazines 
and marketing collateral; patient-facing 
seminars on smoking cessation and lung 
screening were offered at Baptist facil-
ities; word-of-mouth education from 
radiologists to referring physicians was 
also important. 

Referring physicians within the BHSF 
network represent the most common 
source of patient exposure to our lung 
cancer screening program (Figure 4). 
However, approximately one-third of 
patients were exposed to our program 
through non-physician sources, includ-
ing newspaper/magazine advertisements 
(13%), internet/social media (9%), radio 
commercials (5%) and word of mouth 
(3%). For 36% of patients, the CT Lung 
Screening exam was the patient’s first 
imaging study at BHSF—this statistic 
suggests the CT lung screening program 
was successful in bringing new patients 
to Baptist Health. 

FIGURE 5. Baptist Health South Florida LDCT lung cancer screening volume trends.

FIGURE 4. Sources of patient referrals to Baptist Health South Florida LDCT lung cancer 
screening program. 



16       n        APPLIED RADIOLOGY
©

         www.appliedradiology.com January  2018

BUILDING  AN  LDCT  LUNG  CANCER  SCREENING  PROGRAM

Implement and iterate with  
quality improvement 

Following program implementation, 
volume trends for the screening program 
should be periodically reviewed to iden-
tify changes in referral patterns (Figure 
5). We also recommend periodic eval-
uation of patient demographics and ag-
gregate CT screening results, including a 
breakdown of total Lung-RADS assess-
ment categories. This is helpful for char-
acterizing the referral population and for 
tailoring the program over time to meet 
their specific needs. 

Quality improvement should be im-
plemented for the lung cancer screening 
program to facilitate continuous im-
provements in clinical and diagnostic 
performance, as well as improving pa-
tient outcomes. Quality improvement 
should be a continuous process, ensuring 
the screening program remains compet-
itive in a rapidly changing healthcare 
environment. Defining specific areas 
for quality improvement can be facili-
tated by patient and referring physician 
satisfaction surveys, identifying process 
bottlenecks, and performing regular 
walk-throughs. Specific recommenda-
tions are provided in Table 2. A multidis-
ciplinary team approach is encouraged to 
address quality improvement initiatives, 
and the team should convene on a regular 
basis. An excellent general resource for 
quality improvement in radiology prac-
tice is provided by Krustal et al.13 

Table 2. Suggested quality improvement initiatives for low-dose CT lung cancer screening.  
 Initiative  Suggested frequency 
 * Follow outcomes of screened patients locally & nationally for benchmarking Monthly, or as directed by CMS 
 purposes, for example using the ACR Lung Cancer Screening Registry
    
 Locally review CT radiation doses to identify outliers and optimize scan parameters Monthly 
    
 Review patient satisfaction data to optimize the customer experience  Quarterly 
 
 Conduct peer review of low-dose CT screenings (minimum 10 cases per quarter, per Quarterly 
 interpreting physician) to ensure local accuracy and precision with Lung-RADS scoring 
    
 Meet with key stakeholders, including the Patient Navigator and local oncologists Initial year:  quarterly 
 to improve efficiency and coordination within the screening program Thereafter:  semi-annually 
     
 Consider accreditation by the ACR as a Designated Lung Cancer Screening Center n/a
  
 * indicates requirement by the Centers for Medicare and Medicaid Services (CMS) 

Table 3. Demographics and baseline characteristics of the Baptist 
Health South Florida low-dose CT lung cancer screening population
 N = 1241   
 Age, years (mean, SD)  65, 6 
 Male sex (n, %)  668 (54%) 
 Female sex (n, %)  573 (46%) 
   
 Pack(s)-per-day (mean, SD)  1.3, 0.5 
 Years smoked (mean, SD)  42, 9 
 Pack-years smoked (mean, SD)  52, 22 
   
 Active (current) smoker (n, %)  580 (47%) 
 Former smoker (n, %)  661 (53%) 
   
 Known COPD (n, %)  409 (33%) 
 Known pulmonary fibrosis (n, %)  30 (2%) 
   
 Hispanic origin (n, %)  243 (20%) 
 Non-Hispanic origin (n, %)  996 (80%) 
   
 Lung-RADS category (n, %)   
 0  1 (0.1%) 
 1  709 (57.1%) 
 2  431 (34.7%) 
 3  61 (4.9%) 
 4A  9 (0.7%) 
 4B  29 (2.3%) 
 4X  1 (0.1%) 
 Clinically significant finding (S) on screening  32 (3%) 
   
 Radiation dose estimates (mean, SD)   
 CTDIvol, mGy   1.29, 3.14 
 DLP, mGy-cm   38.6, 52.4 
 Effective dose, mSv   0.54, 0.73  
 COPD: chronic obstructive pulmonary disease; CTDIvol:  volume CT dose index;  
 DLP:  dose-length product
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Positive CT screening cases (Lung-
RADS 3 and 4) should be followed to 
evaluate positive predictive value with 
respect to clinically diagnosed lung can-
cer and biopsy-proven lung cancer. In 
light of the CMS requirement to track 
outcomes of screened patients for na-
tional benchmarking, we recommend 
participating in the ACR Lung Cancer 
Screening Registry, which has already 
been approved by CMS. As BHSF 
physicians are spread over a large geo-
graphic area, we developed a virtual 
multidisciplinary committee, which dis-
cusses anonymized cases over encrypted 
email and phone—the radiologist initi-
ates discussion with a brief history and 
an image of a suspicious Lung-RADS 4 
lesion, and the pulmonologist, interven-
tional radiologist, and thoracic surgeon 
contribute their thoughts on the like-
lihood of malignancy and the best ap-
proach for diagnosis. Reaching common 
ground among committee members is 
critical for ensuring the most appropriate 
management strategy is selected. 

Results of a high-volume community 
screening program 

Baptist Health South Florida initiated 
its lung cancer screening program in July 
2014 under the auspices of the Miami 
Cancer Institute (MCI) of Baptist Health. 
The thoracic tumor management team 
comprised a multidisciplinary group of 
physicians, administrators, and allied 
health professionals. One of this article’s 

authors (JCB) was the lead for radiology 
and created the CT lung screening pro-
gram. Enrollment grew and reached a 
steady state of 5-7 LDCT examinations 
per weekday, quickly becoming one of 
the highest-volume programs in the na-
tion. Data from the first 22 months (664 
days) of the lung screening program were 
collected under IRB waiver (July 2014 - 
April 2016). Of 2403 screened patients, 
only USPSTF-eligible patients were in-
cluded (n=1241). Baseline patient charac-
teristics are included in Table 3. Of note, 
the lung screening CT was the first imag-
ing study at BHSF for 36% of patients. 

Most of the patients fell into ACR 
Lung-RADS category 1 (57.1%), and 
the vast majority fell into either Lung-
RADS category 1 or 2 (total 91.9%). 
For all of these patients, the follow-up 
recommendation consisted of an annual 
routine low-dose chest CT as long as 
USPSTF-eligibility was maintained the 
following year. Lung-RADS results are 
summarized in Table 4. 

Several additional parameters were 
captured at the time of LDCT. Radiation 
dose was quantified for each examina-
tion [assumed conversion factor of 0.014 
mSv/(mGy·cm)]; the average radiation 
dose was 0.54 milliSieverts. In addition 
to the Lung-RADS score, each CT re-
port also included data on the following: 
presence and severity of coronary artery 
calcium burden, presence or absence 
of interstitial lung disease, presence or 
absence of emphysema, presence or ab-

sence of vertebral body compression 
deformity, and presence or absence of 
an incidental significant finding. Coro-
nary calcium burden was qualitatively 
assessed by an experienced cardiotho-
racic radiologist with 6 years of CT cal-
cium scoring experience (JCB) into no 
calcium burden, mild calcium burden 
(estimated Agatston score 1-99), moder-
ate calcium burden (estimated Agatston 
score 100-399), or severe calcium bur-
den (estimated Agatston score >399). 

An incidental significant finding was 
a finding unrelated to lung cancer that 
required further follow up—an “action-
able” finding, such as an indeterminate 
adrenal nodule or axillary lymphade-
nopathy. The prevalence of these find-
ings is shown in Table 5. 

 There was a low prevalence of intersti-
tial lung disease (2.4%) and spinal com-
pression deformity (1.2%). There was 
high prevalence of emphysema (33%) 
and coronary artery calcification (68.2%). 
The prevalence of both emphysema and 
coronary artery calcification were likely 
underestimated, as small amounts of em-
physema and coronary artery calcium 
were more difficult to identify on these 
non-ECG-gated LDCT examinations. 

The total number of positive cases 
(Lung-RADS 3 or Lung-RADS 4) was 
100, 8% of the total. This represents the 
“false positive ceiling,” as many of the 
Lung-RADS 4 cases were eventually de-
termined to be true positives. No Lung-
RADS 3 case was eventually proven to 

Table 4. Lung-RADS results 
for USPSTF-eligible patients 

 Lung-RADS Number (%) 

 0  1 (0.1%)* 
 1  709 (57.1%) 
 2  431 (34.7%) 
 3  61 (4.9%) 
 4  39 (3.1%)  

*One Lung-RADS 0 case involved an endo-
bronchial abnormality. The patient was 
requested to return and repeat LDCT follow-
ing vigorous coughing. The “nodule” resolved 
and the ultimate result was a Lung-RADS 1.  

Table 5.  Additional findings on LDCT 
 Finding  Number (%) 
 Total  1241 (100%) 
 Emphysema Present  409 (33%) 
 Interstitial Lung Disease Present  30 (2.4%) 
 UIP pattern  3 (0.2%) 
 NSIP pattern  9 (0.7%) 
 Other pattern  18 (1.5%) 
 Calcium Burden Present  847 (68.2%) 
 Mild burden  362 (29.1%) 
 Moderate burden  252 (20.3%) 
 Severe burden  233 (18.8% 
 Significant Incidental Finding  32 (2.6%) 
 Spinal Compression Deformity  15 (1.2%)



18       n        APPLIED RADIOLOGY
©

         www.appliedradiology.com January  2018

BUILDING  AN  LDCT  LUNG  CANCER  SCREENING  PROGRAM

represent a malignancy; however, sev-
eral of the Lung-RADS 3 cases involved 
persistent, large ,ground-glass nodules, 
which may represent indolent adenocar-
cinoma-in-situ. These cases, in the expe-
rience of the study team, are less likely to 
lead to biopsy and therefore suffer from 
continued uncertainty regarding histol-
ogy. The Lung-RADS 4 cases are sum-
marized in Table 6. 

A large percentage of Lung-RADS 4 
patients were lost to follow up (51.3%). 
BHSF hospitals are centered in Mi-
ami-Dade County, but Baptist Health 
outpatient centers performing LDCT 
exams span South Florida from northern 
Broward County to Monroe County to the 
south. Outpatient centers in Broward, in 
particular, have no nearby Baptist Health 
South Florida hospital for patients to un-
dergo biopsy or surgery. Of the patients 
with known follow-up, the majority had 
early stage malignancy (58%). Only 1 pa-
tient had distant metastasis. Only 1 patient 
of the Lung-RADS 4 patients with fol-
low-up had a benign result at pathology. 

 Limitations of our dataset include 
lack of itemized follow-up data on Lung-
RADS 3 patients with regard to stability 
on subsequent CT scans, loss of follow 
up on approximately half of the Lung-
RADS 4 patients, and lack of clinical fol-
low up on Lung-RADS 1 and 2 patients 
to determine the false negative rate. 

 
Conclusions 

Since CMS approved coverage of 
LDCT for lung cancer screening in 
2015, the number of lung cancer screen-
ing programs is expected to rise. As 
such, there will be demand for commu-
nity health systems to develop effective 
screening programs.14  A successful CT 
lung cancer screening program requires 
a strong multidisciplinary team, defined 
local opportunities, standardized work-
flows, strategic marketing, and quality 
improvement. 

This strategy has contributed to the 
success of lung cancer screening at 
BHSF. Lung cancer screening results 
for our high-volume community pro-
gram demonstrated data concordant with 
known lung cancer screening literature, 
including a low rate of false positive ex-
aminations, low radiation dose with an 
average dose similar to that of 4-view 
screening mammography, a low rate of 
significant incidental findings, and a ma-
jority of cancer-proven patients having 
early-stage, treatable disease. 

In particular, the community setting 
for this study illustrates that a tertiary 
or academic center is not required to en-
sure a low rate of false positives or sig-
nificant incidental findings. For many 
patients, despite a minimum age of in-
clusion of 55, the LDCT exam was their 
first contact with BHSF radiology. 
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Table 6.  Characteristics of  
Lung-RADS 4 Patients

 Lung-RADS 4  Number (%) 
 Total  39 (100%) 
 4A  709 (57.1%) 
 4B  431 (34.7%) 
 4X  61 (4.9%) 
 Lost to follow-up  20 (51.3%) 
 Biopsy-proven cases  19 (48.7%) 
 Adeno Stage I  8 (42.1%) 
 Squamous Cell Stage I  3 (15.8%) 
 Adeno Stage III  1 (5.3%) 
 Small Cell Stage III  1 (5.3%) 
 Adeno StageIV  1 (5.3%) 
 Adeno, Stage unknown  1 (5.3%) 
 Positive outside result,  3 (15.8%) 
 unknown histology   
 Benign Result  1 (5.3%) 
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