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Introduction

Lung cancer is the leading cause of cancer death among 
men and women in the United States. An estimated 220,500 
new cases of lung cancer are expected in 2017 along with 
155,870 lung cancer related deaths [1]. The majority of 
individuals with lung cancer are diagnosed at an advanced 

stage when cure is no longer an option [2]. This is par-
ticularly true for underserved populations where low 
socioeconomic status and inadequate access to care con-
tribute to inequities in lung cancer care and higher rates 
of morbidity and mortality [3–7].

In 2011, the National Lung Screening Trial (NLST) 
showed that lung cancers could be detected earlier and, 
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Abstract

Annual chest computed tomography (CT) can decrease lung cancer mortality 
in high- risk individuals. Patient navigation improves cancer screening rates in 
underserved populations. Randomized controlled trial was conducted from Feb-
ruary 2016 to January 2017 to evaluate the impact of a patient navigation 
program on lung cancer screening (LCS) among current smokers in five com-
munity health centers (CHCs) affiliated with an academic primary care network. 
We randomized 1200 smokers aged 55–77 years to intervention (n = 400) or 
usual care (n = 800). Navigators contacted patients to determine LCS eligibility, 
introduce shared decision making about screening, schedule appointments with 
primary care physicians (PCPs), and help overcome barriers to obtaining screen-
ing and follow- up. Control patients received usual care. The main outcome was 
the proportion of patients who had any chest CT. Secondary outcomes were 
the proportion of patients contacted, proportion receiving LCS CTs, screening 
results and number of lung cancers diagnosed. Of the 400 intervention patients, 
335 were contacted and 76 refused participation. Of the 259 participants, 124 
(48%) were ineligible for screening; 119 had smoked <30 pack- years, and five 
had competing comorbidities. Among the 135 eligible participants in the inter-
vention group, 124 (92%) had any chest CT performed. In intention- to- treat 
analyses, 124 intervention patients (31%) had any chest CT versus 138 control 
patients (17.3%, P < 0.001). LCS CTs were performed in 94 intervention patients 
(23.5%) versus 69 controls (8.6%, P < 0.001). A total of 20% of screened 
patients required follow- up. Lung cancer was diagnosed in eight intervention 
(2%) and four control (0.5%) patients. A patient navigation program imple-
mented in CHCs significantly increased LCS among high- risk current 
smokers.
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thus, lung cancer mortality could be decreased with annual 
screening chest computed tomography (CT) [8, 9]. In 
2013, United States Preventive Task Force recommended 
yearly lung cancer screening for high- risk individuals, and 
in 2015 Center for Medicare and Medicaid Services (CMS) 
issued requirements for coverage of screening for lung 
cancer [10, 11]. In spite of insurance coverage for screen-
ing, a recently published study based on the National 
Health Interview Survey found less than 4% of eligible 
smokers received lung cancer screening in the previous 
year, and rates had not significantly changed from 2010 
to 2015 [12]. It is uncertain what accounts for the slow 
uptake of lung cancer screening, but factors may include 
patients’ and provider’s lack of knowledge about screen-
ing, patients’ access and desire to have lung screening, 
and system barriers [13–18].

Patient navigation is a strategy demonstrated to improve 
cancer screening and follow- up in underserved populations 
[19–24]. Patient navigators are culturally and linguistically 
tailored outreach workers who help patients overcome 
barriers to receiving the care they need [20, 25, 26]. In 
the most vulnerable populations, those with low income 
and educational attainment and racial/ethnic minorities, 
patient navigation can improve cancer screening rates [27, 
28], follow- up after abnormal results [29], and decrease 
disparities in care [30].

The objective of our study was to develop and evaluate 
a patient navigation (PN) program to promote lung cancer 
screening among low socioeconomic status current 

smokers receiving primary care in community health cent-
ers affiliated with an academic primary care network.

Methods

Study setting

We conducted a randomized controlled trial from February 
29, 2016 to January 31, 2017 at the five community health 
centers affiliated with Massachusetts General Hospital. The 
institutional review board approved all study activities and 
provided a waiver of written informed consent. Participants 
were not compensated.

Study population and randomization

Using the primary care practice network’s existing popula-
tion health management information technology system 
[27, 31, 32], we developed a registry to identify current 
smokers who might be eligible for lung cancer screening. 
Eligibility criteria included patients aged 55–77 years old 
who were identified as current smokers in the electronic 
medical record (EMR). Since the majority of our com-
munity health center patients have public insurance, we 
used the upper age criteria set by CMS [10]. We excluded 
patients who had any chest CT performed in the previous 
18 months and those not receiving care in one of the 
five community health centers. As shown in Figure 1, we 
identified 1268 potentially eligible patients. Primary care 

Figure 1. CONSORT diagram depicting the flow of study patients through randomization, intervention, and outcome analysis.

Allocated to interven!on (n = 400)
• Received interven!on (n = 135)
• Did not receive interven!on (n = 265)
• Unable to contact (n = 65)
• Refused (n = 76)
• Not eligible for lung cancer screening

• Smoked < 30 pack/year (n = 119)
• Compe!ng comorbidi!es (n = 5)

Current smokers aged 55–77 years without chest CT in past 18 
months receiving care in community health centers: 1268

Excluded by PCP: 68

Randomiza!on: 1200

Allocated to control (n = 800)
• Received allocated control (n = 800)

Lost to follow-up (n = 19)
• Died or le" network (n = 19)
• Discon!nued interven!on (n = 0)

Lost to follow-up (n = 35)
• Died or le" network (n = 35)
• Discon!nued control (n = 0)

Analyzed (n = 400)
• Excluded from analysis (n = 0)

Analyzed (n = 800)
• Excluded from analysis (n = 0)
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providers (PCPs) were given an opportunity to review 
their patient list and excluded 68 patients because of 
competing comorbidities (8), insufficient smoking history 
(15), death (1), moved/not my patient (6), or other unstated 
reason (38). The remaining 1200 patients were randomized 
in a 1:2 ratio to patient navigation (n = 400) or usual 
care (n = 800) stratified by PCP. The 400 intervention 
patients were estimated to be the maximum number of 
individuals who could be navigated during the study period 
with available resources.

Intervention

Prior to the start of the study, the principal investigator 
introduced the program and provided an educational ses-
sion about lung cancer screening at PCP team meetings 
in community health centers. Content included patient 
eligibility criteria, Medicare reimbursement requirements, 
how to perform shared decision making (SDM), and order 
the lung cancer screening CT in our system.

Four part- time lay patient navigators with bachelor’s 
degrees were trained in motivational interviewing, problem 
solving, goal setting, use of the IT system, and electronic 
medical record documentation. Specifically for this pro-
gram, navigators were educated about lung cancer and 
screening with low- dose CTs. Navigator activities included 
performing an initial interview with patients to determine 
smoking history/eligibility for lung cancer screening, iden-
tifying barriers and working with patients to overcome 
barriers to screening, introducing SDM, and empowering 
patients to discuss the risks and benefits of screening 
with their PCP. Navigators learned how to review CT 
lung cancer screening reports and to communicate abnor-
mal results to the ordering provider and arrange for 
appropriate follow- up. As part of their training in smoking 
cessation, all navigators completed an online course devel-
oped by the University of Massachusetts Medical School 
Center for Tobacco Treatment Research and Training, 
“Basic Skills Training for Working with Smokers.” 
Navigator training lasted about 2 weeks depending on 
their previous experience. A procedure manual was cre-
ated and available to the navigation team to ensure out-
reach consistency. The manual provided phone scripts, 
talking points, time frames for outreach calls, and templates 
to facilitate documentation in the EMR and communica-
tion with PCP. The cancer care patient navigation team 
manager participated in training and provided daily super-
vision of LCS navigators. Each week the navigator team 
met with the principal investigator to discuss progress 
and challenges.

Initial patient contact in the intervention group consisted 
of a mailed letter about the program and educational 
materials. One week later, the navigator contacted patients 

by telephone, introduced the study, obtained a verbal 
assent to participate and, for patients interested in the 
program, took a detailed smoking history to determine 
if they were eligible for lung cancer screening (more than 
30 pack- year history) [10, 33]. For eligible patients, the 
navigator reviewed the purpose of lung cancer screening 
and explored their concerns and barriers to screening. 
Both the risks of screening, such as exposure to radiation 
and false positive results, and the benefits were explained. 
If the patient was interested in screening, the navigator 
arranged a SDM appointment with their PCP so lung 
cancer screening could be discussed and ordered, if appro-
priate. Additional navigator interventions could involve 
reminding the patient about the scheduled CT screening 
test, helping with translation, insurance issues, transporta-
tion, and overcoming other system barriers as needed. 
Outreach to patients was mostly via phone calls.

Navigators also provided brief smoking cessation coun-
seling. If interested in quitting, smokers were connected 
to existing smoking cessation resources. The navigator 
could place a referral to the Massachusetts Quitline or 
to a tobacco cessation specialist working in the community 
health centers. If the patient was interested in smoking 
cessation medication, the navigator would notify the 
provider.

After a patient completed LCS, the navigator reviewed 
the CT results in the EMR. If the patient had an abnormal 
test result that required follow- up, the navigator contacted 
the patient’s PCP and helped the patient obtain timely 
follow- up.

The navigators used the population health management 
IT registry tool to follow patients randomized to the 
intervention group and to track lung CT tests scheduled 
and completed. They also recorded each patient contact 
and documented interventions performed. Actions taken 
at SDM visits with the PCP were documented in the 
electronic health record.

Patients randomized to the control arm received usual 
care. Prior to the study start, all PCPs were educated 
about screening guidelines and procedures to order screen-
ing CT so they could offer SDM and order lung cancer 
screening for all their patients including the usual care 
group. PCPs in the usual care group could identify their 
eligible patients, discuss screening at a SDM visit and 
order a screening CT, but without support from PNs.

Study outcomes

The primary outcome was the proportion of patients in 
intervention and control groups who had a chest CT 
performed for screening or diagnostic purposes during 
the study period. Secondary outcomes included the pro-
portion of patients receiving lung cancer screening CTs, 
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results of screening CTs, and lung cancer diagnoses in 
the intervention and control groups.

Patient characteristics and prior chest CT data were 
obtained from the EMR. Dates and type of CT scans 
were obtained from electronic reports or billing data.

Radiologists reviewing lung cancer screening CTs 
reported findings using Lung CT Screening Reporting and 
Data System (Lung- RADS) as recommended by the 
American College of Radiology [34]. Medical records of 
patients with Lung- RADS 3 and 4 were reviewed to identify 
additional imaging and procedures performed and their 
results. We calculated the time from the screening CT 
to radiologist recommended follow- up. The stage and 
outcomes of lung cancer diagnosed with screening and 
diagnostic CTs were assessed.

Statistical analyses

An intention to treat analysis was used for the primary 
outcome and included all 1200 randomly assigned patients. 
We used the generalized estimating equations (GEE) 
approach to take into account the clustering of patients 
by PCP. Logistic regression models with GEE were used 
to compare proportions between intervention and control 
groups. We also explored between- group differences in 
completion of any chest CT and screening CTs during 
the study period in intervention and control groups in 
relevant subgroups defined by race, primary language, 
insurance, gender, and age.

Among patients who had a lung cancer screening CT, 
we compared the distribution of CT findings between 
intervention and control groups using a chi- square test. 
We hypothesized that the navigator program would increase 
lung cancer screening in the intervention group by at 
least 10%. With a total sample size of 1200 smokers 
including 400 randomized to the intervention group and 
an alpha level of 0.05, the sample provided 80% power 
to detect a 10% difference after accounting for clustering 
by provider.

Two- sided significance tests with P- values < 0.05 were 
considered statistically significant. All statistical analyses 
were performed using a commercial software package 
(PROC GENMOD, SAS version 9.4; SAS Institute, Cary, 
NC).

Results
At baseline, 400 patients were randomized to the inter-
vention arm, and 800 patients were randomized to the 
control arm (Fig. 1). The average age of participants was 
62.3 years (SD: 5.6), 52.5% were women, 81.4% white, 
88.8% spoke English, and 55.0% were insured through 
Medicaid. About two- thirds (64.7%) finished only high 

school or less. The sociodemographic characteristics were 
similar between intervention and control groups (Table 1).

Among intervention patients, 335 (83%) were success-
fully contacted and 76 refused participation. Of the 259 
participating patients, 124 (48%) were not eligible for 
lung cancer screening; 119 (46%) had smoked <30 pack- 
years, and 5 (2%) had competing comorbidities (Fig. 1). 
Among the 135 patients eligible for lung cancer screening 
in the intervention group, 124 (92%) had a diagnostic 
or screening chest CT during the study period.

Navigators were able to assess eligibility for lung cancer 
screening in 259 patients (65%). Navigator interventions 
provided to 135 eligible patients in the intervention group 
included: introduce SDM (53%), schedule screening CT 
(64%), and provide reminders about the test (47%) 
(Table 2). For 77% of patients, navigators emailed or 
messaged PCPs regarding upcoming SDM appointment 
and/or to order a follow- up CT. Almost all patients (98%) 
received brief smoking counseling and interested patients 
(49%) were referred to tobacco cessation resources.

The primary outcome, any chest CT performed during 
the study period, was compared using an intention- to- 
treat analysis (Fig. 2). During the study period, a greater 
proportion of patients in the intervention group had any 
chest CT compared to patients in the control group (31.0% 
[124] vs. 17.3% [138], P < 0.001). Similarly, lung cancer 

Table 1. Baseline characteristics among 1200 intervention and control 
patients.

Characteristics Intervention 
(n = 400)

Control 
(n = 800)

Age, mean (SD) 61.8 (5.4) 62.4 (5.7)
Clinic visits over 3 years, mean 
(SD)

10.3 (7.9) 10.7 (8.4)

Gender, female 188 (47.0%) 442 (55.3%)
Race

Asian 18 (4.5%) 22 (2.8%)
Black 18 (4.5%) 25 (3.1%)
Hispanic 26 (6.5%) 41 (5.1%)
Other/Unknown 27 (6.8%) 46 (5.8%)
White 311 (77.8%) 666 (83.3%)
Language, English 352 (88.0%) 714 (89.3%)

Insurance
Commercial 128 (32.0%) 280 (35.0%)
Medicare 47 (11.8%) 84 (10.5%)
Medicaid 121 (30.3%) 211 (26.4%)
Dual Medicare/Medicaid 103 (25.8%) 225 (28.1%)
Self 1 (0.3%) 0 (0.0%)

Education
Less than high school 60 (15.0%) 120 (15.0%)
Graduated high school or GED 204 (51.0) 382 (47.8%)
Some college/vocational 
program

43 (10.8%) 119 (14.9%)

College/graduate school 76 (19.0%) 138 (17.3%)
Other/Unknown 17 (4.3%) 41 (5.1%)
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screening CTs were performed more often in the inter-
vention group compared to the control group (23.5% 
[94] vs. 8.6% [69], P < 0.001). Exploratory analyses exam-
ined the effect of the navigator program stratified by 
different subgroups and found a beneficial effect in all 
subgroups (Figure 3).

Among patients who had a lung cancer screening CT, 
the distribution of Lung- RADS findings was similar between 
the two groups (P = 0.72, Table 3). In both groups, the 
majority of patients had Lung- RADS 1 or 2 findings and 
did not require further follow- up (intervention 79.8% and 
control 82.6%). In the intervention group, 12 (12.8%) 

Table 2. Navigators’ interventions for patients eligible for lung cancer 
screening in the intervention group.

Intervention N (135) %

Chart review 133 98.5
Patient education/motivation 41 30.4
Addressing barriers to screening 23 17.0
Introduce shared decision making 72 53.3
E- mail/message provider 104 77.0
Scheduled LSC CT 87 64.4
Patient reminder about LCS CT 64 47.4
Brief smoking counseling 133 98.5
Referred to cessation resources 66 48.9

Figure 2. Proportion of all chest CTs and lung cancer screening CTs in intervention and control group (Intention- to- treat analyses).

0%

5%

10%

15%

20%

25%

30%

35%

Interven!on Control Interven!on Control

Any chest CT Lung screening CT

31.0%

17.3%
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P < 0.001

Figure 3. Odds Ratios and 95% confidence intervals for lung cancer screening in intervention and comparison groups stratified by patient subgroups.
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patients had Lung- RADS 3 findings and required a six–
month follow up compared to 6 (8.7%) in the control 
group. Seven (7.4%) in the intervention group and 6 
(9.6%) in control patients had Lung- RADS 4 findings 
and required immediate follow- up.

Within the study period, 3 of 4 patients in the inter-
vention group with Lung- RADS 3 findings had recom-
mended 6- month follow- up. All 13 patients who had a 
Lung- RADS 4 finding received follow- up (average time 
20.1 days in intervention and 22.0 days in control). The 
number of additional diagnostic tests post- screening was 
similar in both groups: in the navigated group 2 patients 
had a PET CT, 3 repeat chest CT, 1 an abdominal CT, 
1 brain MRI, and 1 patient had a mediastinoscopic biopsy. 
Among screened patients in the usual care group 4 had 
a PET CT, 5 repeat chest CT, and 1 an abdominal CT.

Eight lung cancers were diagnosed in intervention 
patients (2%) compared to 4 in control patients (0.5%). 
Three patients (2 in the intervention group and 1 in the 
control group) were diagnosed with lung cancer after a 
screening CT and had surgical resection. One patient with 
stage 1 disease had only a surgical resection. Two patients 
with stage 3 disease received surgery followed by chemo-
therapy and chemotherapy with radiation. Six of nine 
cancers identified after a diagnostic chest CT were stage 
4, and 3 patients died. Additionally, two patients with 
stage 1 disease could not have surgery due to the pres-
ence of serious comorbid conditions.

Discussion
This study evaluated the impact of a patient navigation 
program for lung cancer screening among current smokers 
receiving care in community health centers. Though many 
patients in the intervention group did not meet pack- year 
eligibility criteria for screening, almost all navigated patients 
eligible for and interested in lung cancer screening had 
a chest CT during the study period. Patients randomized 
to the PN intervention had significantly higher rates of 
receiving a screening or diagnostic chest CT compared 
to patients receiving usual care over the 11- month study 
period. This difference was mostly due to patients in the 
PN intervention arm having nearly a threefold higher rate 

of lung cancer screening CTs compared to patients receiv-
ing usual care.

To the best of our knowledge, this is the first study 
using lay navigators to help patients cared for in com-
munity health centers receive lung cancer screening. 
Navigators took multiple actions to facilitate the complex 
process of initiating lung cancer screening for patients 
and their providers [10]. As in other cancer screening 
PN programs, navigators educated, motivated, and helped 
patients overcome obstacles to get screened [27, 28]. For 
lung cancer screening, navigators also helped PCPs by 
assessing patient eligibility, introducing smoking cessation 
and SDM to patients prior to a visit, and by reminding 
PCPs about upcoming SDM appointments and helping 
to follow- up abnormal results. The PN program appeared 
efficacious in all patient subgroups examined, but further 
studies are needed to determine which navigator interven-
tions were most important.

Kinsinger et al. [35] recently described lung cancer 
screening efforts in the Veterans Health Administration 
(VHA). Full time nurses or middle- level health care pro-
fessionals were used as screening coordinators who per-
formed comparable actions as the trained lay navigators 
in this study. They encountered similar challenges in 
implementing their program including missing or inad-
equate smoking data in the EMR. This resulted in exclud-
ing two- thirds of their initial cohort due to ineligibility 
because of smoking history. Since we did not include 
former smokers who may be expected to have lower rates 
of eligibility, our exclusion rate was lower, almost half 
of smokers identified. In our study navigators obtained 
a detailed smoking history and updated EMR for inter-
vention patients. However, other less expensive and more 
generalizable ways to obtain and document smoking his-
tory are needed for lung cancer screening programs to 
be efficient for current and former smokers.

In this study, 20% of patients required follow- up of 
abnormal findings. This is higher than observed in NLST 
(12.8%) but similar to VHA study (20%) when Lung- 
RADS criteria were retrospectively applied [35, 36]. 
Comparing abnormal rates using Lung- RADS criteria 
among these studies suggest that patients in the VHA 
and our study may have been at higher risk than NLST 
participants. This is supported by a lower proportion of 
patients diagnosed with lung cancer in the NLST [7], 
compared to the VHA and our study as well as a report 
evaluating free lung cancer screening in an underserved 
southeastern US population [35, 37].

The percent of patients with abnormal chest CT finding 
is important because follow- up rates are not optimal [38]. 
The benefit of screening is only possible if there is a 
system to ensure timely follow- up. Thus, in addition help-
ing ensure completion of lung cancer screening, navigators 

Table 3. Lung cancer screening CT results in intervention and usual care 
group.

Lung- RADs 
score

Intervention 
(n = 94)

Usual care 
(n = 69)

P value

1 19 (20.2%) 18 (26.1%)
2 56 (59.6%) 39 (56.5%) 0.72
3 12 (12.7%) 6 (8.7%)
4 7 (7.4%) 6 (8.7%)
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coordinated follow- up appointments and testing for abnor-
mal results. We observed that patients with abnormal CT 
results in both groups received recommended follow- up 
during the study period. In our study we used lay PNs 
known to be effective for other cancer screenings. The 
lay PNs have limited clinical knowledge. Still, we showed 
that these lay PNs can be very effective in improving 
lung cancer screening and cost was less than half of an 
oncology nurse navigator. However, the oncology nurse 
navigators as trained healthcare professional might provide 
better communication during abnormal screening follow-
 up and lung cancer treatment [34]. Larger studies with 
longer follow- up are needed to evaluate the potential 
impact and cost effectiveness of lay PNs compared to 
oncology nurse navigators on follow- up of abnormal lung 
cancer screening in underserved populations [39].

Our study has limitations. Results from five urban com-
munity health centers affiliated with an academic medical 
center, a population health IT infrastructure, and an 
established patient navigator program may not be gener-
alizable to other clinical settings. Because we could not 
assess the proportion of current smokers in the control 
group who were eligible for lung cancer screening, we 
used intention- to- treat analyses and expect the patient- 
level randomization resulted in similar numbers eligible 
in each group. Some patients might have obtained chest 
CTs at outside facilities that were not included in our 
analyses, but we would expect similar proportions in 
intervention and control groups. Since randomization 
occurred at the patient- level, all PCPs received education 
about the study and procedures for SDM and ordering 
lung cancer screening. It is possible that this may have 
increased screening in the control population and decreased 
the magnitude of the observed intervention effect. Our 
eligibility criteria differ from the existing screening recom-
mendations. Because CMS covers screening through age 
77 [10], we excluded patients 78–80 years old who are 
eligible according to the USPTF guidelines [11]. We also 
excluded former smokers due to limitations of data in 
our EMR to identify those eligible for screening. We used 
NLST criteria and included participants who did not have 
a chest CT in the last 18 months. This enabled us to 
identify patients without a prior screening chest CT. The 
initial screening lung CT requires a SDM visit and PNs 
were trained to facilitate that process [10]. Future studies 
need to explore the impact of patient navigation for LCS 
of former smokers and on USPTF recommended yearly 
follow- up screening [11].

Conclusion
Screening for lung cancer is challenging because it requires 
effort to identify eligible high- risk individuals and engage 

patients and clinicians in shared decision making. Among 
current smokers aged 55–77 in community health centers, 
we demonstrated that those randomly assigned to a patient 
navigation program had higher rates of lung cancer screen-
ing compared to patients receiving usual care. In this 
program, navigators served as liaisons between patients 
and their primary care team to mitigate barriers to receiv-
ing care and helped almost all high- risk smokers interested 
in lung cancer screening get screened. By increasing lung 
cancer screening rates in underserved and low- income 
current smokers, navigation may improve equity in care 
while decreasing lung cancer mortality.

Acknowledgment
The authors acknowledge the hard work and dedication 
of Community Health Team and patient navigators at 
the Massachusetts General Hospital Chelsea HealthCare 
Center.

Conflict of Interest
Massachusetts General Hospital entered into a royalty 
arrangement on June 27, 2013, to commercializethe popu-
lation management system with SRG Technology, a for- 
profit company. Dr. Atlas is a beneficiary of this royalty 
arrangement but has not received any payments to date. 
Dr. Atlas has received payments as a consultant for the 
company.

References

 1. Siegel, R. L., K. D. Miller, and A. Jemal. 2017. Cancer 
Statistics, 2017. CA Cancer J. Clin. 67:7–30.

 2. Institute NC. SEER Cancer Statistics Review, 1975-2013. 
Available from URL: https://seer.cancer.gov/
csr/1975_2013/browse_csr.php?sectionSEL=15&pageSEL=s
ect_15_table.12.html (accessed 10 February 2017).

 3. Torre, L. A., R. L. Siegel, and A. Jemal. 2016. Lung 
cancer statistics. Adv. Exp. Med. Biol. 893:1–19.

 4. Schabath, M. B., D. Cress, and T. Munoz-Antonia. 
2016. Racial and ethnic differences in the epidemiology 
and genomics of lung cancer. Cancer Control. 
23:338–346.

 5. Teng, A. M., J. Atkinson, G. Disney, N. Wilson, and T. 
Blakely. 2017. Changing socioeconomic inequalities in 
cancer incidence and mortality: cohort study with 54 
million person- years follow- up 1981- 2011. Int. J. Cancer 
140:1306–1316.

 6. Weksler, B., A. S. Kosinski, W. R. Burfeind, S. C. 
Silvestry, J. Sullivan, and T. A. D’Amico. 2015. Racial 
and ethnic differences in lung cancer surgical stage: an 
STS database study. Thorac. Cardiovasc. Surg. 
63:538–543.



901© 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

Navigation for Lung Cancer ScreeningS. Percac- Lima et al.

 7. Atkins, G. T., T. Kim, and J. Munson. 2017. Residence 
in rural areas of the united states and lung cancer 
mortality. disease incidence, treatment disparities, and 
stage- specific survival. Ann. Am. Thorac. Soc. 
14:403–411.

 8. Aberle, D. R., A. M. Adams, C. D. Berg, W. C. Black, 
J. D. Clapp, R. M. Fagerstrom, et al. 2011. Reduced 
lung- cancer mortality with low- dose computed 
tomographic screening. N. Engl. J. Med. 365:395–409.

 9. Church, T. R., W. C. Black, D. R. Aberle, C. D. Berg, 
K. L. Clingan, F. Duan, et al. 2013. Results of initial 
low- dose computed tomographic screening for lung 
cancer. N. Engl. J. Med. 368:1980–1991.

10. Centers for Medicare and Medicaid Services: Decision 
Memo for Screening for Lung Cancer with Low Dose 
Computed Tomography (LDCT) (CAG-00439N). 
Available from URL: https://www.cms.gov/medicare-
coverage-database/details/nca-decision-memo.
aspx?NCAId=274 (accessed 14 February, 2017).

11. Force USPT. Lung Cancer:Screening. Available from 
URL: https://www.uspreventiveservicestaskforce.org/Page/
Document/UpdateSummaryFinal/lung-cancer-
screening?ds=1&s=lung%20cancer%20screening (accessed 
03 July 2017).

12. Jemal, A., and S. A. Fedewa. 2017. Lung cancer 
screening with low- dose computed tomography in the 
United States- 2010 to 2015. JAMA Oncol 3:1278–1281.

13. Ersek, J. L., J. M. Eberth, K. K. McDonnell, S. M. 
Strayer, E. Sercy, K. B. Cartmell, et al. 2016. Knowledge 
of, attitudes toward, and use of low- dose computed 
tomography for lung cancer screening among family 
physicians. Cancer 122:2324–2331.

14. Ali, N., K. J. Lifford, B. Carter, F. McRonald, G. 
Yadegarfar, D. R. Baldwin, et al. 2015. Barriers to 
uptake among high- risk individuals declining 
participation in lung cancer screening: a mixed methods 
analysis of the UK Lung Cancer Screening (UKLS) trial. 
BMJ Open 5:e008254.

15. Quaife, S. L., L. A. Marlow, A. McEwen, S. M. Janes, 
and J. Wardle. 2017. Attitudes towards lung cancer 
screening in socioeconomically deprived and heavy 
smoking communities: informing screening 
communication. Health Expect. 20:563–573.

16. Delmerico, J., A. Hyland, P. Celestino, M. Reid, and K. 
M. Cummings. 2014. Patient willingness and barriers to 
receiving a CT scan for lung cancer screening. Lung 
Cancer 84:307–309.

17. Jonnalagadda, S., C. Bergamo, J. J. Lin, L. 
Lurslurchachai, M. Diefenbach, C. Smith, et al. 2012. 
Beliefs and attitudes about lung cancer screening among 
smokers. Lung Cancer 77:526–531.

18. Duong, D. K., S. Shariff-Marco, I. Cheng, H. Naemi, L. 
M. Moy, R. Haile, et al. 2017. Patient and primary care 
provider attitudes and adherence towards lung cancer 

screening at an academic medical center. Prev Med Rep. 
6:17–22.

19. Sarfaty, M., M. Doroshenk, J. Hotz, D. Brooks, S. 
Hayashi, T. C. Davis, et al. 2013. Strategies for 
expanding colorectal cancer screening at community 
health centers. CA Cancer J. Clin. 63:221–231.

20. Verma, M., M. Sarfaty, D. Brooks, and R. C. Wender. 
2015. Population- based programs for increasing 
colorectal cancer screening in the United States. CA 
Cancer J. Clin. 65:497–510.

21. Freeman, H. 2004. A model patient navigation program. 
Oncology Issues 19:44–46.

22. Kim, K., J. S. Choi, E. Choi, C. L. Nieman, J. H. Joo, 
F. R. Lin, et al. 2016. Effects of community- based 
health worker interventions to improve chronic disease 
management and care among vulnerable populations: a 
systematic review. Am. J. Public Health 106:e3–e28.

23. Roland, K. B., E. L. Milliken, E. A. Rohan, A. DeGroff, 
S. White, S. Melillo, et al. 2017. Use of community 
health workers and patient navigators to improve cancer 
outcomes among patients served by federally qualified 
health centers: a systematic literature review. Health 
Equity 1:61–76.

24. Fowler, T., C. Steakley, A. R. Garcia, J. Kwok, and L. 
M. Bennett. 2006. Reducing disparities in the burden of 
cancer: the role of patient navigators. PLoS Med. 
3:e193.

25. Freeman, H. P., B. J. Muth, and J. F. Kerner. 1995. 
Expanding access to cancer screening and clinical 
follow- up among the medically underserved. Cancer 
Pract. 3:19–30.

26. Paskett, E. D., J. P. Harrop, and K. J. Wells. 2011. 
Patient navigation: an update on the state of the 
science. CA Cancer J. Clin. 61:237–249.

27. Percac-Lima, S., J. M. Ashburner, A. H. Zai, Y. Chang, 
S. A. Oo, E. Guimaraes, et al. 2016. Patient navigation 
for comprehensive cancer screening in high- risk patients 
using a population- based health information technology 
system: a randomized clinical trial. JAMA Intern. Med. 
176:930–937.

28. Marshall, J. K., O. M. Mbah, J. G. Ford, D. Phelan-
Emrick, S. Ahmed, L. Bone, et al. 2016. Effect of 
patient navigation on breast cancer screening among 
African American medicare beneficiaries: a randomized 
controlled trial. J. Gen. Intern. Med. 31:68–76.

29. Freund, K. M. 2017. Implementation of evidence- based 
patient navigation programs. Acta Oncol. 56:123–127.

30. Percac-Lima, S., L. López, J. M. Ashburner, A. R. 
Green, and S. J. Atlas. 2014. The longitudinal impact of 
patient navigation on equity in colorectal cancer 
screening in a large primary care network. Cancer 
120:2025–2031.

31. Technology, S. 2015. TopCare patient population 
management software. SRG Tech Inc, Fort Lauderdale, FL.



902 © 2018 The Authors. Cancer Medicine published by John Wiley & Sons Ltd. 

S. Percac- Lima et al.Navigation for Lung Cancer Screening

32. Atlas, S. J., A. H. Zai, J. M. Ashburner, Y. Chang, S. 
Percac-Lima, D. E. Levy, et al. 2014. Non- visit- based 
cancer screening using a novel population management 
system. J Am Board Fam Med. 27:474–485.

33. Humphrey, L. L., M. Deffebach, M. Pappas, C. 
Baumann, K. Artis, J. P. Mitchell, et al. 2013. Screening 
for lung cancer with low- dose computed tomography: a 
systematic review to update the US Preventive services 
task force recommendation. Ann. Intern. Med. 
159:411–420.

34. Radiology, ACo. Lung CT Screening Reporting and Data 
System (Lung-RADS). Available from URL: https://www.
acr.org/Quality-Safety/Resources/LungRADS (accessed 10 
February 2017)

35. Kinsinger, L. S., C. Anderson, J. Kim, M. Larson, S. H. 
Chan, H. A. King, et al. 2017. Implementation of lung 
cancer screening in the veterans health administration. 
JAMA Intern. Med. 177:399–406.

36. Pinsky, P. F., D. S. Gierada, W. Black, R. Munden, H. 
Nath, D. Aberle, et al. 2015. Performance of Lung- 
RADS in the National lung screening trial: a 
retrospective assessment. Ann. Intern. Med. 162:485–491.

37. Simmerman, E. L., N. B. Thomson, T. A. Dillard, Z. 
Hao, R. F. Sadek, S. N. Khleif, et al. 2017. Free lung 
cancer screening trends toward a twofold increase in 
lung cancer prevalence in the underserved southeastern 
United States. South. Med. J. 110:188–194.

38. Percac-Lima, S., J. M. Ashburner, J. A. Shepard, I. T. 
Lennes, D. E. Rimmelin, and S. J. Atlas. 2016. 
Timeliness of recommended follow- up after an 
abnormal finding on diagnostic chest CT in smokers at 
high risk of developing lung cancer. J Am Coll Radiol. 
13:497–504.

39. Doerfler-Evans, R. E. 2016. Shifting paradigms 
continued- the emergence and the role of nurse 
navigator. J. Thorac. Dis. 8:S498–S500.


