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Abstract
Background: Appropriate management of lung nodules detected incidentally or through lung cancer
screening can increase the rate of early-stage diagnoses and potentially improve treatment outcomes.
However, the implementation and management of comprehensive lung nodule programs is challenging.

Methods: This single-center, retrospective report describes the development and outcomes of a
comprehensive lung nodule program at a community practice in Tennessee. Computed tomography (CT)
scans potentially revealing incidental lung nodules were identi�ed by a computerized search. Incidental or
screening-identi�ed lung nodules that were enlarging or not seen in prior scans were entered into a nodule
database and guideline-based review determined whether to conduct a diagnostic intervention or
radiologic follow-up. Referral rates, diagnosis methods, stage distribution, treatment modalities, and days
to treatment are reported.

Results: The number of patients with lung nodules referred to the program increased over 2 years, from
665 patients in Year 1 to 745 patients in Year 2. Most nodules were incidental (62%-65%). Nodules
identi�ed with symptoms (15.2% in Year 1) or through screening (12.6% in Year 1) were less common. In
Year 1, 27% (182/665) of nodules required a diagnostic intervention and 18% (121/665) were malignant.
Most diagnostic interventions were image-guided bronchoscopy (88%) or percutaneous biopsy (9%). The
proportion of Stage I-II cancer diagnoses increased from 23% prior to program implementation to 36% in
Year 1 and 38% in Year 2. In screening cases, 71% of patients completed follow-up scans within 18
months. Only 2% of Year 1 patients under watchful waiting required a diagnostic intervention, of which
1% received a cancer diagnosis.

Conclusions: The current study reports outcomes over the �rst two years of a lung cancer screening and
incidental nodule program. The results show that the program was successful, given the appropriate level
of data management and oversight. Comprehensive lung nodule programs have the potential to bene�t
the patient, physician, and hospital system.

Background
Lung cancer is the leading cause of cancer-related death worldwide [1]. Age-standardized life years lost
due to lung cancer is signi�cantly worse in the southeastern United States compared to national averages
[2]. While early detection markedly improves survival, only 16% of lung cancers in the United States are
detected at localized stages [3]. Dedicated programs to identify and manage lung nodules may facilitate
early detection and improve survival. Asymptomatic, early-stage lung nodules can be detected either as
incidental nodules on thoracic computed tomography (CT) or through screening. Incidental nodules are
commonly seen on thoracic and abdominal CT imaging for trauma, cardiac symptoms, or abdominal
symptoms [4]. In an integrated health system report between 2006 and 2012, approximately 25-30% of all
chest CT scans revealed positive �ndings. This corresponds to the identi�cation of an estimated 1.57
million new lung nodules annually [5]. However, the false positive rate is high, with only about 5% of
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identi�ed nodules receiving a lung cancer diagnosis within 2 years [5]. In addition, follow-up of
incidentally detected nodules is generally poor [6]. In over 15,000 patients with incidental nodules from a
commercial insurance database, only 36% received subsequent workup despite an estimated cost of only
$1-$2 per member per year when averaged across the insured population [7]. Lung cancer screening in
appropriate patients has increased early-stage detection (36-71% Stage I) [8] and reduced long-term
mortality rates [9-12]. However, as with incidentally detected nodules, false positive rates are high [9].
Low-dose CT (LDCT) screening adoption has been poor despite recommendations, possibly due to lack
of patient education, access to care, and reimbursement [13], particularly in the Southeastern United
States [14, 15]. Screening implementation is also challenged by insu�cient resources to manage positive
cases according to guidelines, which is currently a requirement for reimbursement [16].

In recent years, an increasing number of centers have developed incidental lung nodule management and
screening programs. Although the application of evidence-based guidelines, such as those of the
Fleischner Society [17] or American College of Chest Physicians (ACCP) [18], improves follow-up rates
[19], challenges in workload and work�ow management, referral pathways, expertise, and systematic
tracking remain barriers.

The objective of the current paper is to describe the development and results of a lung cancer screening
and incidental nodule management program in a community hospital serving 5 counties in Tennessee.
This paper presents the requirements for a comprehensive program, volume for both incidental nodules
and screening over time, and quarterly trends in referrals, diagnostic interventions, stage distribution,
treatment modalities, and �nancial data.

Methods
This is a single-center, retrospective chart review. Blount Memorial Hospital is a 304-bed facility serving 5
counties in Tennessee with a 16-county pulmonary referral area. Blount Memorial Physicians Group is a
multispecialty private practice with a large primary care base. Lung cancer rates in Tennessee are among
the highest in the United States, with an age-adjusted rate of 76.6 new cases per 100,000 people,
compared to a national average of 58 new cases per 100,000 [20].

Prior to the development of a comprehensive lung nodule clinic in 2016, the lung program at Blount
Memorial Hospital consisted of a lung nodule screening service that was offered for a cash price of $99
United States dollars. A rudimentary incidental nodule program consisted of a single individual manually
reviewing CT reports. There was a multidisciplinary cancer conference, but no structured program for
evaluating nodules or coordinating follow-up. There was no monitoring of lung cancer screening scans,
with reports only sent to the ordering physician.

Beginning in 2016, a comprehensive and coordinated lung nodule program was initiated with the aims of
achieving: (1) a robust cancer screening program; (2) timely capture of incidental lung nodules; (3)
cohesive care between practitioners; (4) a streamlined referral program; and (5) a multidisciplinary “virtual
clinic” with a nurse navigator who coordinated care across specialties.



Page 4/18

Figure 1 depicts the procedural �ow after full program implementation. An automated electronic search
was used to scan radiology dictation notes for words related to lung nodules. To ensure that no patients
were missed, the entire dictation was searched (rather than only the “impression” section). Manual review
of CT scans and CT scan reports identi�ed by the electronic search then �ltered out CT scans with no
nodules or those with nodule stability for >2 years. Patients entered into the lung nodule database were
those with lung nodules observed to be enlarging or not seen in a prior scan. Those patients were then
reviewed by two interventional pulmonologists (GPL and EAW) and evaluated based on ACCP evidence-
based guidelines [21] to determine whether to conduct a diagnostic intervention or to follow with imaging.

All patients requiring diagnostic intervention (de�ned as invasive biopsy) were tracked. Most lung
diagnostic interventions were conducted using image-guided bronchoscopy, including electromagnetic
navigation bronchoscopy (ENB; superDimension™ navigation system version 7.1) and radial
endobronchial ultrasound (EBUS) probe (Olympus). Mediastinal lymph node assessment was conducted
using linear EBUS (Olympus BF-UC180F bronchoscope). Whenever possible, diagnosis and staging was
conducted within a single procedure. Most patients were evaluated with both ENB and linear EBUS in the
same procedure. Other procedures, such as CT-guided �ne-needle aspiration and mediastinoscopy were
only conducted when diagnosis and staging could not be accomplished with a single procedure.
Thoracentesis was limited to patients with a pleural effusion of adequate size that was thought to be a
malignant effusion. Symptomatic patients were de�ned as those with symptom(s) attributable to the
lung nodule(s) at the time of presentation.

The program goal was to improve patient outcomes, with speci�c objectives of achieving (1) a stage shift
to earlier lung cancer diagnosis and (2) treatment initiation within 30 days of �rst nodule detection
(de�ned as the day of the index CT scan, or the day of the CT scan that initiated intervention for patients
originally placed in observation). The program was rolled out in a stepwise fashion, with the databases
started in July 2016, followed by the formal screening program on September 1, 2016 and the incidental
nodule program on October 1, 2016.

Year 1 data is presented from October 1, 2016 to September 30, 2017, representing the �rst year of the
fully operational screening and incidental management program. Available data for the “phase-in”
screening period of July 2016 through September 2016 is presented separately to characterize the initial
impact of screening program implementation on volume and stage shift; however, this data is more
limited than the data available in Year 1 and Year 2.

Analyses were performed in Excel and data were summarized by descriptive statistics (for continuous
variables) or frequencies and percentages (for categorical variables). Financial data were calculated as
unbudgeted revenue generated by the nodule program, using Medicare reimbursement data for each
speci�c year.

Results
Year 1 Data
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Population-based modeling prior to program implementation predicted 1,027 nodule patients in Year 1, of
which 125 would require diagnostic intervention. Approximately 6,000 CT scans were reviewed annually
at the medical center during the study timeframe (screening and incidental). In Year 1, 1,792 patients were
identi�ed by the computer search. After review of the CT report and the CT scan, 1,127 were determined to
not have a nodule or to have a nodule that had been stable for more than 2 years. The remaining 665
nodules were evaluated according to ACCP guidelines and entered into the database as requiring either
biopsy or follow-up (Figure 1, Box A). Of the 665 patients entered into the nodule database in Year 1,
61.5% were incidental, 15.2% were symptomatic, and 12.6% were identi�ed through screening (Figure 2A).
During the phase-in period prior to full program implementation, 63 nodule referrals were received. The
program then grew by quarter in Year 1, with 142 referrals in the �rst quarter of the full program, followed
by 148, 167, and 208 in the subsequent three quarters.

Fifty-eight of the 665 patients were not directly referred to the lung nodule program, but were instead
followed by their primary care physician or an outside pulmonologist. All of these 58 patients had small
nodules that only required follow-up (watchful waiting). They were still included in the database to
con�rm that follow-up imaging was completed. The remaining 607 patients were managed by the nodule
program.

A total of 182 patients underwent a diagnostic intervention (Figure 1, Box B). These included classically
de�ned lung nodules (density on imaging <3 cm) and mass lesions and patients with concomitant airway
lesions, adenopathy, pleural effusion, etc. Most diagnostic procedures (Figure 2B) were ENB (46%) or
EBUS biopsy (42%), with a relatively even distribution after the �rst quarter. Among the patients evaluated
with ENB or EBUS, 10% underwent ENB alone, 22% underwent EBUS alone, and 68% underwent combined
ENB/EBUS. In Year 1, only 7 patients (7/182; 3.8%) required a second separate procedure to obtain a
diagnosis, complete staging, and/or aid in �ducial marker placement.

Of the 182 cases undergoing diagnostic intervention, 121 received a cancer diagnosis and were managed
by the multidisciplinary cancer conference (Figure 1, Box C), including 119 primary and 2 metastatic
(pancreatic and renal) cancers. This represents 66.5% (121/182) of nodules undergoing diagnostic
intervention and 18.2% (121/665) of all nodules in Year 1. The number of diagnostic procedures (47 vs.
44) and cancer diagnoses (35 vs. 34) remained stable between the �rst and last quarters of Year 1.

Early-stage cancer was detected in 35.5% (26.4% Stage 1, 9.1% Stage 2) while late-stage cancer was
detected in 64.4% (26.4% Stage 3, 38.0% Stage 4; Figure 2C). Treatment modalities (Figure 2D) were
thoracic surgery in 22%, radiation oncology in 40%, and chemotherapy in 38%.   

The remaining 483 patients without diagnostic intervention were placed into “watchful waiting”
(including the 58 patients not managed by the lung nodule program). After follow-up imaging, 9/483
(1.9%) required diagnostic intervention of which 5/483 (1.0%) had cancer. Three had negative biopsies
and remain in follow-up with no progression and one had a pseudomonas infection that responded to
treatment. A total of 474 patients remain in monitoring with no progression noted on follow-up imaging.
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Program Data Through Two Years

During the second year, 745 patients were entered into the database and managed by the program, 169
(22.6%) underwent diagnostic intervention, and 86 (11.5%) received a cancer diagnosis. Four patients
required a second procedure to complete staging or obtain a diagnosis. The remaining 576 patients were
placed into watchful waiting. With follow-up scans, 5/576 (0.9%) required diagnostic intervention, of
which 4/5 had cancer and 1/5 had a negative biopsy. A total of 572 Year 2 patients remain in monitoring.

Figure 3 shows cumulative data through 2 years. The number of referrals increased throughout the �rst 5
quarters and then levelled off slightly during Year 2 (Figure 3A). The percentage of incidental nodules
increased from 61.5% in Year 1 to 64.9% in Year 2. As shown in Figure 3B, the relative proportion of early-
stage lung cancer detection increased during the two years after program implementation compared to
2012 Medicare baseline data [22].

Average days to treatment over 2 years (Figure 3C) decreased steadily in Year 1, from 41 days in the
phase-in period to 36 days in the �rst quarter and 28 days in last quarter. An increase to 42 and 43 days
was observed in the fourth quarter of 2017 through the �rst quarter of 2018, dropping to 30 days in the
second quarter, and rising again to 52 days in the third quarter of Year 2. Potential reasons for these
observations are detailed in the Discussion.

Screening Program Data

The number of new screening scans increased steadily each quarter, with 255 in Year 1 and 549 in Year 2.
Patients with screening-detected nodules that required more than yearly CT follow-up were moved to the
active database (29% in Year 1 and 20% in Year 2). Among �rst-year patients, 71% had follow-up
scanning within 18 months of the initial scan.

Financial Data

The total revenue generated by the nodule program in Year 1 was $2,193,994.81. Two-thirds of that
revenue was generated by video-assisted thoracoscopic surgery, radiation oncology, and medical
oncology treatment procedures, approximately 20% by imaging, and 15% by bronchoscopic or
transthoracic biopsy. Revenue increased steadily through 2 years after program implementation, with
$363,504 generated in the �rst quarter, increasing to a cumulative total of $3,812,461 at 18 months.

Discussion
Comprehensive lung nodule programs may facilitate an earlier diagnosis and a higher cure rate. While the
structure and technology exist to capture and manage patients, implementation is often challenging. This
report describes the �rst two years of a lung cancer screening and incidental nodule program. Several key
outcomes were observed that may be informative to other medical centers considering adoption of a
comprehensive lung nodule program.
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First, 62-65% of nodules in our program were incidental nodules. In Year 1, only 12.6% of nodules were
identi�ed through screening. Similarly, a report of a Northeastern United States comprehensive lung
nodule program found that 80% of nodules were found incidentally and only 20% through lung cancer
screening [23]. Thus, any program that does not capture incidental �ndings is likely to miss a signi�cant
portion of lung nodules.

Second, guideline-based interventional pulmonology review effectively reduced false positives and
unnecessary invasive testing. Prior screening and incidental nodule studies have reported false positive
rates as high as 96% [9, 24]. In our program, guideline-based interventional pulmonology review in Year 1
eliminated 1,127 of the original 1,792 CT scans identi�ed by the radiology search to yield 665 nodules
requiring intervention or radiologic follow-up. Of those, 27% (182/665) required a diagnostic intervention
and 18% (121/665) received a cancer diagnosis. Only 2% of patients initially placed in "watchful waiting"
during Year 1 required a diagnostic procedure after follow-up scanning, and only 1% received a cancer
diagnosis. This speaks to the effectiveness of interventional pulmonologist review of CT scans based on
ACCP guidelines [18].

Third, our comprehensive program increased the proportion of early stage cancer diagnoses.
Interventional pulmonology programs that include advanced minimally invasive diagnostic procedures,
such has ENB, are associated with increased rates of early-stage diagnosis [25-27] and fewer benign
resections [25]. We observed an increased proportion of Stage I-II diagnoses in Years 1 and 2 compared to
before program implementation. We did �nd an increase in Stage IV diagnoses at the end of Year 1, for
reasons that are not entirely clear. In our practice, many Stage IV patients presenting through the
emergency room had minimal or no symptoms; often, the emergency room was their �rst encounter with
the health system. Thus, these “late presenters” may still be working through the system. Nonetheless, an
overall increase in earlier stage diagnoses was observed.

Fourth, our data show that a comprehensive nodule program can increase screening rates and follow-up
compliance. In our practice, almost all patients meet the United States Preventive Services Task Force
(USPSTF) screening criteria [28]. While most nodules were incidental, we saw a steady increase in
screening referrals over the two years that continues to date. This is encouraging given prior reports of
poor screening adoption and compliance [29], particularly in the United States Southeast [15]. Our follow-
up rate of 71% on screened patients is higher than the national average and other screening studies [19,
30], demonstrating the value of a comprehensive program to encourage compliance.

Fifth, although our analysis is limited in scope to the United States health system, our data support a
meaningful �nancial impact for hospital and health systems of any size. We observed a total revenue of
$2,193,994.81 in United States dollars in Year 1. While not all of that was “new” revenue (much of it
would have been introduced into the system anyway), this number represents unbudgeted revenue
generated by the nodule program. However, e�ciency is also important to reduce unnecessary costs from
over-management [31]. In our study, 66.5% (121/182) of nodules that underwent diagnostic intervention
received a cancer diagnosis. Most of those interventions were minimally invasive ENB-guided and EBUS-
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guided bronchoscopy procedures. Although we did not conduct a formal cost-effectiveness analysis, our
results support prior publications from Europe [32], the United Kingdom [33], Asia [34], and the United
States [35, 36] demonstrating the cost-effectiveness of screening and incidental nodule programs.

Finally and most importantly, our data emphasizes that careful patient navigation and oversight is
essential to the success of any lung nodule program [37], especially in vulnerable populations [38]. Lung
nodule management is data-intense and requires e�cient and effective data oversight, as well as
adequate sta�ng. We implemented several best practice procedures to increase patient compliance and
ensure no patients were lost. As one example, our database was queried monthly to report on every
patient due for a follow-up scan that month. If the patient did not return for a scan, the nurse navigator
contacted the patient to schedule a follow-up. This oversight greatly increased our follow-up rates.
Regular data checks are also essential to assess program e�ciency and quickly address the causes of
any challenges. As a second example, we had set a program objective of ≤30 days from �rst nodule
detection to �rst treatment. While we achieved a steady decrease to 28 days at the end of Year 1, we
observed several upticks due to program and resource challenges. In one instance, a root-cause analysis
determined that the nodule program had overwhelmed the radiation oncology resources. The radiology
oncology department had recently begun using a new scanner and the learning curve reduced the number
of cases that could be evaluated per day. In response, we have now implemented a best practice of
reviewing any cases over 40 days to treatment every quarter to identify the cause and implement process
�ow improvements in response. A whiteboard tracker was also established with the calculated target
treatment date for every patient. Those dates were communicated to the radiation oncologist and
medical oncologist o�ces to ensure coordinated care. These oversight best practices help ensure that
temporary challenges do not become pervasive.

Comprehensive lung nodule programs may facilitate an earlier diagnosis and a higher cure rate. While the
structure and technology exist to capture and manage patients, implementation is often challenging. This
report describes the �rst two years of a lung cancer screening and incidental nodule program. Several key
outcomes were observed that may be informative to other medical centers considering adoption of a
comprehensive lung nodule program.

First, 62-65% of nodules in our program were incidental nodules. In Year 1, only 12.6% of nodules were
identi�ed through screening. Similarly, a report of a Northeastern United States comprehensive lung
nodule program found that 80% of nodules were found incidentally and only 20% through lung cancer
screening [23]. Thus, any program that does not capture incidental �ndings is likely to miss a signi�cant
portion of lung nodules.

Second, guideline-based interventional pulmonology review effectively reduced false positives and
unnecessary invasive testing. Prior screening and incidental nodule studies have reported false positive
rates as high as 96% [9, 24]. In our program, guideline-based interventional pulmonology review in Year 1
eliminated 1,127 of the original 1,792 CT scans identi�ed by the radiology search to yield 665 nodules
requiring intervention or radiologic follow-up. Of those, 27% (182/665) required a diagnostic intervention
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and 18% (121/665) received a cancer diagnosis. Only 2% of patients initially placed in "watchful waiting"
during Year 1 required a diagnostic procedure after follow-up scanning, and only 1% received a cancer
diagnosis. This speaks to the effectiveness of interventional pulmonologist review of CT scans based on
ACCP guidelines [18].

Third, our comprehensive program increased the proportion of early stage cancer diagnoses.
Interventional pulmonology programs that include advanced minimally invasive diagnostic procedures,
such has ENB, are associated with increased rates of early-stage diagnosis [25-27] and fewer benign
resections [25]. We observed an increased proportion of Stage I-II diagnoses in Years 1 and 2 compared to
before program implementation. We did �nd an increase in Stage IV diagnoses at the end of Year 1, for
reasons that are not entirely clear. In our practice, many Stage IV patients presenting through the
emergency room had minimal or no symptoms; often, the emergency room was their �rst encounter with
the health system. Thus, these “late presenters” may still be working through the system. Nonetheless, an
overall increase in earlier stage diagnoses was observed.

Fourth, our data show that a comprehensive nodule program can increase screening rates and follow-up
compliance. In our practice, almost all patients meet the United States Preventive Services Task Force
(USPSTF) screening criteria [28]. While most nodules were incidental, we saw a steady increase in
screening referrals over the two years that continues to date. This is encouraging given prior reports of
poor screening adoption and compliance [29], particularly in the United States Southeast [15]. Our follow-
up rate of 71% on screened patients is higher than the national average and other screening studies [19,
30], demonstrating the value of a comprehensive program to encourage compliance.

Fifth, although our analysis is limited in scope to the United States health system, our data support a
meaningful �nancial impact for hospital and health systems of any size. We observed a total revenue of
$2,193,994.81 in United States dollars in Year 1. While not all of that was “new” revenue (much of it
would have been introduced into the system anyway), this number represents unbudgeted revenue
generated by the nodule program. However, e�ciency is also important to reduce unnecessary costs from
over-management [31]. In our study, 66.5% (121/182) of nodules that underwent diagnostic intervention
received a cancer diagnosis. Most of those interventions were minimally invasive ENB-guided and EBUS-
guided bronchoscopy procedures. Although we did not conduct a formal cost-effectiveness analysis, our
results support prior publications from Europe [32], the United Kingdom [33], Asia [34], and the United
States [35, 36] demonstrating the cost-effectiveness of screening and incidental nodule programs.

Finally and most importantly, our data emphasizes that careful patient navigation and oversight is
essential to the success of any lung nodule program [37], especially in vulnerable populations [38]. Lung
nodule management is data-intense and requires e�cient and effective data oversight, as well as
adequate sta�ng. We implemented several best practice procedures to increase patient compliance and
ensure no patients were lost. As one example, our database was queried monthly to report on every
patient due for a follow-up scan that month. If the patient did not return for a scan, the nurse navigator
contacted the patient to schedule a follow-up. This oversight greatly increased our follow-up rates.
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Regular data checks are also essential to assess program e�ciency and quickly address the causes of
any challenges. As a second example, we had set a program objective of ≤30 days from �rst nodule
detection to �rst treatment. While we achieved a steady decrease to 28 days at the end of Year 1, we
observed several upticks due to program and resource challenges. In one instance, a root-cause analysis
determined that the nodule program had overwhelmed the radiation oncology resources. The radiology
oncology department had recently begun using a new scanner and the learning curve reduced the number
of cases that could be evaluated per day. In response, we have now implemented a best practice of
reviewing any cases over 40 days to treatment every quarter to identify the cause and implement process
�ow improvements in response. A whiteboard tracker was also established with the calculated target
treatment date for every patient. Those dates were communicated to the radiation oncologist and
medical oncologist o�ces to ensure coordinated care. These oversight best practices help ensure that
temporary challenges do not become pervasive.

Conclusions
Our experience suggests that with careful oversight, a successful lung nodule program can be
implemented in any type of community health system, not just large multi-hospital systems. Our initial
two-year data suggests that all three stakeholders – patients, physicians, and hospitals – can bene�t
from a properly run, effective program. Patients bene�t from earlier diagnosis and potentially better
treatment outcomes, physicians bene�t from the availability of high-quality multidisciplinary care that
provides a “safety net” to ensure patients aren’t lost to follow-up, and the hospital bene�ts from
downstream revenue and keeping patients within the system. Combined, this creates a “win-win-win”
situation for the healthcare system and patients as a whole.

List Of Abbreviations
ACCP:  American College of Chest Physicians

CT:  computed tomography

ENB:  electromagnetic navigation bronchoscopy

LDCT:  low-dose computed tomography

USPSTF:  United States Preventive Services Task Force

Declarations
Ethics Approval and Consent to Participate

This study was evaluated by the institutional review board of Blount Memorial Hospital (Maryville, TN) on
December 14, 2018, IRB#0046. The institutional review board determined the study to be exempt from



Page 11/18

review in accordance with United States Department of Health and Human Services Regulation 45 CFR
46.101(b) and approved a waiver of consent in accordance with 45 CFR 46.117C(2).

Consent for Publication

Not applicable. This paper presents aggregate data.

Availability of Data and Materials

All data generated or analysed during this study are included in this published article. Additional
information is available from the corresponding author on reasonable request.

Competing Interests

Related to the submitted work, the authors received non-�nancial medical writing and editorial assistance
from Medtronic. Outside of the submitted work, GPL has received consultant fees from Medtronic. EAW,
CC, and TB declare no additional con�icts of interest. Medical writing support was provided by Kristin L.
Hood PhD of Medtronic to expand the authors’ independent research presentations into a manuscript, in
accordance with Good Publication Practice (GPP3) guidelines. Study design, data collection, analysis,
interpretation, and the decision to submit to publication was under the full direction of the authors.

Funding

This research did not receive any speci�c grant from funding agencies in the public, commercial, or not-
for-pro�t sectors. The authors were not paid to write this article by Medtronic or any agency. Journal open
access fees were paid by Medtronic.

Authors’ Contributions

All authors made substantial contributions to all aspects of the study conduct and manuscript
development beginning with the initial study conception, including study design (GPL, TB), data
acquisition (GPL, EAW, CC, TB), data analysis (GPL, TB), data interpretation (GPL, EAW), manuscript
writing (GPL), critical revisions (all authors), �nal approval of the manuscript for submission (all authors).

Acknowledgements

Not applicable.

References
1. Fitzmaurice C, Akinyemiju TF, Al Lami FH, Alam T, Alizadeh-Navaei R, Allen C, et al. Global, Regional,

and National Cancer Incidence, Mortality, Years of Life Lost, Years Lived With Disability, and
Disability-Adjusted Life-Years for 29 Cancer Groups, 1990 to 2016: A Systematic Analysis for the
Global Burden of Disease Study. JAMA Oncol. 2018;4:1553-1568.



Page 12/18

2. Mokdad AH, Ballestros K, Echko M, Glenn S, Olsen HE, Mullany E, et al. The State of US Health, 1990-
2016: Burden of Diseases, Injuries, and Risk Factors Among US States. JAMA. 2018;319:1444-1472.

3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 2020;0:1-24.

4. Sethi S, Parrish S. Incidental nodule management-should there be a formal process? J Thorac Dis.
2016;8:S494-497.

5. Gould MK, Tang T, Liu IL, Lee J, Zheng C, Danforth KN, et al. Recent Trends in the Identi�cation of
Incidental Pulmonary Nodules. Am J Respir Crit Care Med. 2015;192:1208-1214.

�. Blagev DP, Lloyd JF, Conner K, Dickerson J, Adams D, Stevens SM, et al. Follow-up of incidental
pulmonary nodules and the radiology report. J Am Coll Radiol. 2014;11:378-383.

7. Pyenson B, Bazell C, Bellanich M, Caplen M, Zulueta J. No Apparent Workup for most new
Indeterminate Pulmonary Nodules in US Commercially-Insured Patients. J Health Econ Outcomes
Res. 2019;6:118-129.

�. Han D, Heuvelmans MA, Vliegenthart R, Rook M, Dorrius MD, Oudkerk M. An Update on the European
Lung Cancer Screening Trials and Comparison of Lung Cancer Screening Recommendations in
Europe. J Thorac Imaging. 2019;34:65-71.

9. Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM, et al. Reduced lung-cancer
mortality with low-dose computed tomographic screening. N Engl J Med. 2011;365:395-409.

10. De Koning H, Van Der Aalst C, Ten Haaf K, Oudkerk M. PL02.05 Effects of Volume CT Lung Cancer
Screening: Mortality Results of the NELSON Randomised-Controlled Population Based Trial
[Abstract]. J Thorac Oncol. 2018;13:S185.

11. Pastorino U, Sverzellati N, Sestini S, Silva M, Sabia F, Boeri M, et al. Ten-year results of the
Multicentric Italian Lung Detection trial demonstrate the safety and e�cacy of biennial lung cancer
screening. Eur J Cancer. 2019;118:142-148.

12. Becker N, Motsch E, Trotter A, Heussel CP, Dienemann H, Schnabel PA, et al. Lung cancer mortality
reduction by LDCT screening-Results from the randomized German LUSI trial. Int J Cancer. 2019;doi:
10.1002/ijc.32486.

13. Jemal A, Fedewa SA. Lung Cancer Screening With Low-Dose Computed Tomography in the United
States-2010 to 2015. JAMA Oncol. 2017;3:1278-1281.

14. Kale MS, Wisnivesky J, Taioli E, Liu B. The Landscape of US Lung Cancer Screening Services. Chest.
2019;155:900-907.

15. Martin AN, Kozower BD, Camacho F, Hassinger T, Anderson RT, Yao N. Disparities in Lung Cancer
Screening Availability: Lessons from Southwest, Virginia. Ann Thorac Surg. 2019;108:412-416.

1�. Centers for Medicare & Medicaid Services, United States Department of Health and Human Services.
Decision Memo for Screening for Lung Cancer with Low Dose Computed Tomography (LDCT) (CAG-
00439N). https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?
NCAId=274. Accessed March 25, 2019.

https://www.cms.gov/medicare-coverage-database/details/nca-decision-memo.aspx?NCAId=274


Page 13/18

17. MacMahon H, Naidich DP, Goo JM, Lee KS, Leung ANC, Mayo JR, et al. Guidelines for Management
of Incidental Pulmonary Nodules Detected on CT Images: From the Fleischner Society 2017.
Radiology. 2017;284:228-243.

1�. Detterbeck FC, Lewis SZ, Diekemper R, Addrizzo-Harris D, Alberts WM. Executive Summary: Diagnosis
and management of lung cancer, 3rd ed: American College of Chest Physicians evidence-based
clinical practice guidelines. Chest. 2013;143:7S-37S.

19. McDonald JS, Koo CW, White D, Hartman TE, Bender CE, Sykes AG. Addition of the Fleischner Society
Guidelines to Chest CT Examination Interpretive Reports Improves Adherence to Recommended
Follow-up Care for Incidental Pulmonary Nodules. Acad Radiol. 2017;24:337-344.

20. U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations Tool, based on
November 2017 submission data (1999-2015): U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention and National Cancer Institute website.
www.cdc.gov/cancer/dataviz. Accessed March 28, 2019.

21. Rivera MP, Mehta AC, Wahidi MM. Establishing the diagnosis of lung cancer: Diagnosis and
management of lung cancer, 3rd ed: American College of Chest Physicians evidence-based clinical
practice guidelines. Chest. 2013;143:e142S-e165S.

22. 2012 Blount Memorial Hospital Data. Commission on Cancer Datalinks. American College of
Surgeons website. http://datalinks.facs.org. Accessed April 9, 2019.

23. Roberts TJ, Lennes IT, Hawari S, Sequist LV, Park ER, Willers H, et al. Integrated, Multidisciplinary
Management of Pulmonary Nodules Can Streamline Care and Improve Adherence to
Recommendations. Oncologist. 2019;doi: 10.1634/theoncologist.2019-0519.

24. Morgan L, Choi H, Reid M, Khawaja A, Mazzone PJ. Frequency of Incidental Findings and
Subsequent Evaluation in Low-Dose Computed Tomographic Scans for Lung Cancer Screening. Ann
Am Thorac Soc. 2017;14:1450-1456.

25. Polcz ME, Maiga AW, Brown LB, Deppen SA, Montgomery C, Rickman O, et al. The Impact of an
Interventional Pulmonary Program on Nontherapeutic Lung Resections. J Bronchology Interv
Pulmonol. 2019;26:287-289.

2�. Brown C, Ben-Or S, Walker P, Bowling M. The Impact of Electromagnetic Navigational Bronchoscopy
on a Multidisciplinary Thoracic Oncology Program. J Natl Compr Canc Netw. 2016;14:181-184.

27. Garwood SK, ClenDening P, Hevelone ND, Hood KL, Pidgeon S, Wudel LJ. Navigational bronchoscopy
at a community hospital: clinical and economic outcomes. Lung Cancer Manag. 2016;5:131-140.

2�. Moyer VA, U. S. Preventive Services Task Force. Screening for lung cancer: U.S. Preventive Services
Task Force recommendation statement. Ann Intern Med. 2014;160:330-338.

29. Richards TB, Doria-Rose VP, Soman A, Klabunde CN, Caraballo RS, Gray SC, et al. Lung Cancer
Screening Inconsistent With U.S. Preventive Services Task Force Recommendations. Am J Prev Med.
2019;56:66-73.

30. Ridge CA, Hobbs BD, Bukoye BA, Aronson MD, Boiselle PM, Le�er DA, et al. Incidentally detected lung
nodules: clinical predictors of adherence to Fleischner Society surveillance guidelines. J Comput

http://datalinks.facs.org/


Page 14/18

Assist Tomogr. 2014;38:89-95.

31. Rosenkrantz AB, Xue X, Gyftopoulos S, Kim DC, Nicola GN. Downstream Costs Associated with
Incidental Pulmonary Nodules Detected on CT. Acad Radiol. 2019;26:798-802.

32. Tomonaga Y, Ten Haaf K, Frauenfelder T, Kohler M, Kouyos RD, Shilaih M, et al. Cost-effectiveness of
low-dose CT screening for lung cancer in a European country with high prevalence of smoking-A
modelling study. Lung Cancer. 2018;121:61-69.

33. Hinde S, Crilly T, Balata H, Bartlett R, Crilly J, Barber P, et al. The cost-effectiveness of the Manchester
'lung health checks', a community-based lung cancer low-dose CT screening pilot. Lung Cancer.
2018;126:119-124.

34. Yang SC, Lai WW, Lin CC, Su WC, Ku LJ, Hwang JS, et al. Cost-effectiveness of implementing
computed tomography screening for lung cancer in Taiwan. Lung Cancer. 2017;108:183-191.

35. Gilbert CR, Ely R, Fathi JT, Louie BE, Wilshire CL, Modin H, et al. The economic impact of a nurse
practitioner–directed lung cancer screening, incidental pulmonary nodule, and tobacco-cessation
clinic. J Thorac Cardiovasc Surg. 2018;155:416-424.

3�. Criss SD, Cao P, Bastani M, Ten Haaf K, Chen Y, Sheehan DF, et al. Cost-Effectiveness Analysis of
Lung Cancer Screening in the United States: A Comparative Modeling Study. Ann Intern Med.
2019;171:796-804.

37. Black L. Lung Cancer Screening: Implementation of and Barriers to a Nurse Practitioner-Led Program.
Clin J Oncol Nurs. 2018;22:601-605.

3�. Shusted CS, Barta JA, Lake M, Brawer R, Ruane B, Giamboy TE, et al. The Case for Patient Navigation
in Lung Cancer Screening in Vulnerable Populations: A Systematic Review. Popul Health Manag.
2018;22:347-361.

Table



Page 15/18

Table 1. Financial Data in Year 1

  Total (US Dollars)

Advanced Bronchoscopy $317,662.90

Mediastinoscopy $1,152.03

CT-Guided FNA $2,115.90

PET Scan $201,780.00

MRI $22,050.00

CT Scan (Includes Screening)   $172,376.78

VATS $366,432.00

Radiation Oncology $472,962.00

Medical Oncology $637,463.20

Total Revenue $2,193,994.81

CT: computed tomography; FNA: fine needle aspiration; MRI: magnetic resonance imaging; PET: positron
emission tomography; VATS: video-assisted thoracoscopic surgery 
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Figure 1

Lung nodule clinical overview. Approximately 6,000 incidental nodule and screening CT scans were
reviewed annually at the medical center during the study timeframe. In the �rst year of the program, 665
pulmonary nodules were added to the lung nodule database (“A”). Of those, 182 underwent diagnostic
intervention (“B”), and 121 ultimately received a cancer diagnosis (“C”).
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Figure 2

Year 1 Data. (A) Referrals to the Lung Nodule Clinic in Year 1 (n=665). The majority (61.5%) of referred
nodules in Year 1 were incidentally detected. Of the 255 screening scans in Year 1, 73 were referred to the
lung nodule clinic for review. (B) Diagnostic Interventions in Year 1 (n=182 Patients). Each patient may
have more than one diagnostic procedure so individual subcategories do not sum to the total number of
182 patients. (C) Stage Distribution of Cancer Diagnoses in Year 1 of the Program. (D) Treatment
Modalities in Year 1.
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Figure 3

Cumulative Program Data Through 2 Years. (A) Referrals and incidental nodules by quarter over 2 years.
Total referrals are shown in bars. Red portion indicates the percentage of the total represented by
incidental nodules. (B) Lung cancer stage distribution at diagnosis before program implementation
(2012) and in the �rst and second year of lung nodule program implementation. (C) Average days to
treatment from �rst nodule detection. Red line indicates a program target objective of 30 days or fewer.


