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Lung Cancer Screening Among Mammography
Patients: Knowledge, Eligibility, Participation, and
Interest

Eitan Novogrodsky, MD, Linda B. Haramati, MD, MS,
Geraldine M. Villasana-Gomez, MD, Jessica Goldman, MD, Cyril Rosenfeld, MD,
Jessica K. Rosenblum, MD, James W. Sayre, PhD, Anne C. Hoyt, MD,
Jonathan G. Goldin, MD, PhD, and Hannah S. Milch, MD

Objective: To determine lung cancer screening eligibility, knowledge, and interest and to quantify the
effect of the expanded 2021 lung cancer screening eligibility criteria among women presenting for
screening mammography, a group with demonstrable interest in cancer screening.

Methods: A single-page survey was distributed to patients presenting for screening mammography,
from January–March 2020 and June 2020–January 2021, at 2 academic medical centers on the East and
West Coasts. The population served by the East Coast institution has greater poverty, greater ethnic/racial
diversity, and lower education levels. Survey questions included age, smoking history, lung cancer
screening knowledge, participation, and interest. Lung cancer screening eligibility was determined for
both 2013 and 2021 USPSTF guidelines. Descriptive statistics were calculated, and data were compared
between groups using the Chi-square test, Mann-Whitney nonparametric test, and the 2-sample t test.

Results: 5512 surveys were completed; 33% (1824) of women reported a history of smoking—30%
(1656) former smokers and 3% (156) current smokers. Among women with a smoking history, 7%
(127/1824) were eligible for lung cancer screening using 2013% and 11% (207/1824) using the 2021
USPSTF criteria. Interest in lung cancer screening was high (73%; 151/207) among eligible women
using 2021 USPSTF criteria, but only 42% (87/207) had heard of lung cancer screening and only 28%
(57/207) had received prior LDCT screening.

Conclusion: Eligible screening mammography patients reported high levels of interest in lung can-
cer screening but low levels of knowledge and participation. Linking mammography and LDCT appoint-
ments may improve lung cancer screening participation. ( J Am Board Fam Med 2023;00:000–000.)
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Patient Adherence, Preventive Medicine, Screening

Introduction
Lung cancer screening with low-dose CT (LDCT)
has revolutionized early detection for patients at high
risk of developing lung cancer since the seminal
National Lung Cancer Screening Trial demonstrated

a mortality benefit to screening high-risk patients.1

Since 2013, the United States Preventive Services
Task Force (USPSTF) has recommended screening
for all patients ages 55 to 80, with a smoking history
of 30-pack-years or more, who are current smokers,
or who have quit within the past 15 years.2 Medicare
and Medicaid have covered LCS since 2015, with
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many private insurers following suit.3,4 Despite these
national guidelines and widespread insurance cover-
age, only 4 to 30% of at-risk patients currently
undergo appropriate screening.4–6 Reasons for lower
participation in lung cancer screening include lack of
knowledge by patients and referring physicians, com-
plicated eligibility criteria, underestimation of lung
cancer risk, and smoking stigma.7,8 Mandatory
shared-decision making, although well-intentioned,
may also create an additional hurdle to lung cancer
screening participation. The fact that lung cancer
screening is not a clinical practice quality metric,
unlike other screening tests, may also contribute to
low uptake. The USPSTF recently expanded lung
cancer screening eligibility to include younger
patients (beginning at age 50) with a less significant
smoking history (20-pack-years).9 Efforts are needed
to increase lung cancer screening participation
among this growing number of eligible patients.

In contrast to lung cancer screening, participa-
tion in breast cancer screening guidelines with
mammography is as high as 76%.10 In fact, even
among women from disadvantaged socioeconomic
backgrounds, such as those with income below the
poverty line, participation in screening mammog-
raphy is reported at approximately 50%.11 Prior
studies have demonstrated that many women adher-
ing to mammography screening guidelines are also
eligible for lung cancer screening, but it is only per-
formed in 8 to 31% of these women.6,12 These stud-
ies, however, do not address the level of knowledge
and interest in LCS among screening mammography
patients. Furthermore, these studies quantified eligi-
bility for lung cancer screening using the 2013
USPSTF guidelines and did not account for the
increased number of patients now eligible under the
expanded 2021 USPSTF guidelines. Lastly, these
studies did not investigate potential health care dis-
parities in lung cancer screening engagement.

Women who undergo screening mammograms
have a demonstrated interest in screening and are
more likely to adhere to additional health screening
recommendations.13 In this multi-center study, we
hypothesized that a subset of screening mammog-
raphy patients are eligible and have interest in lung
cancer screening but are not yet engaged. If so,

screening mammography patients represent an im-
portant population to target to increase participation
in lung cancer screening. We also sought to quantify
the impact of the revised 2021 lung cancer screening
guidelines on the proportion of screening mammog-
raphy patients eligible for lung cancer screening. We
further hypothesized that patients receiving care in
neighborhoods with higher income levels and degree
of education may have greater awareness of and par-
ticipation in lung cancer screening. This study used
survey data to determine eligibility for, awareness of,
interest in, and adherence to lung cancer screening
guidelines among screening mammography patients
at 2 large urban academic medical centers serving
vastly different populations in terms of socioeco-
nomic status and racial/ethnic composition.

Materials and Methods
Site Participation

Institutional Review Board approval was obtained
for this prospective HIPAA-compliant survey study
of patients presenting for screening mammography
at multiple sites affiliated with 2 urban academic
medical centers. Written informed consent was
obtained from all study participants at the start of
the survey.

The participating academic medical centers
serve geographic regions with differences in dem-
ographics, including income level, education,
race, and ethnicity (Table 1).14,15 One of the East
Coast institutions is a safety net hospital, with
greater than 70% of patients either uninsured or
on Medicaid.16

Survey Design and Administration

A 6-question survey was designed in English and
Spanish that asked survey participants to report
their age, history of smoking (number of years

Table 1. Census Data for Communities Served by the

Participating East and West Coast Institutions

East Coast West Coast

Median household income $38,085 $94,174
Bachelor’s degree or higher (%) 19.8% 67.7%
Race and ethnicity, largest categories (%)
Non-Hispanic White 9% 53%
Black 44% 3%
Hispanic 56% 17%
Asian 5% 21%

Corresponding author: Eitan Novogrodsky, MD, 122-11
82nd Rd, Kew Gardens, NY 11415 (E-mail: eitannovo@
gmail.com).
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smoked, number of packs-per-day, and most recent
date of quitting, if applicable), awareness of lung cancer
screening, prior participation in lung cancer screening,
and interest in undergoing lung cancer screening if eli-
gible (Figure 1). To encourage survey participation, the
survey was intentionally designed to be brief and to
address the key elements of the study hypothesis.

Surveys were initially administered over 8weeks
from January–March 2020. The study was inter-
rupted at that time due to decreased screening mam-
mography and closure of screening mammography
sites during the early months of the COVID-19 pan-
demic. Survey administration was then restarted and
continued from June 2020–January 2021.

Surveys were administered during patient regis-
tration. The survey was administered as a printed,
hard-copy survey at all sites until March 2020. At
the West Coast site, an electronic version of the
survey was also available after March 2020. Article
surveys were collected by front-desk staff.

Patient Selection

All patients presenting for screening mammography
at participating sites during survey administration

periods were eligible to participate and surveys were
to be offered to patients during screening mammog-
raphy intake. Participants were excluded from study
results if they did not complete the survey consent or
provided grossly incomplete responses.

Statistical Methods

Survey responses were compiled centrally, and de-
scriptive statistics were calculated. Data were com-
pared between groups using the Chi-square test for
homogeneity of proportions, Mann-Whitney non-
parametric test, and the 2-sample t test as appropri-
ate. All analyses were performed using Stata 15.0
statistical software (StataCorp., College Station,
TX). The level of statistical significance was set at
0.05.

Results
Demographics

A total of 5512 surveys were completed during the
study period, 810 on the East Coast and 4712 on
the West Coast. Overall response rate was 18.2%,
with a lower response rate at the East Coast institu-
tion at 6% (810/13478) compared with the West

Figure 1. Paper survey in Spanish and English.
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Coast institution at 28% (4712/16,928). Response
rate was artificially low at the East Coast institution
due to inconsistent administration caused by
COVID interruptions and limited availability of
front desk staff.

The average age of participating patients was 58
(S.D. 11) with a range of 18 to 89 years. A minority
(3%, 153/4412) were less than 40 years old. A
greater proportion of Spanish language surveys was
used among the East Coast participants (35%)
compared with the West Coast cohort (0.1%,
P< .0001). Overall use of the Spanish language sur-
vey was 5% (Table 2).

Smoking History

A total of 1824 (33%) survey respondents reported
a history of smoking, with 1656 (30%) former
smokers and 156 (3%) current smokers. The East
Coast cohort had a significantly higher proportion
of current smokers (7% vs 2%, P< .0001). The me-
dian pack-years for participants with a history of
smoking was 10 with no significant difference
between the East and West coasts (Table 3).

Eligibility for Lung Cancer Screening

Among women with a history of smoking, 7%
(127/1824) were eligible for lung cancer screening
based on the 2013 USPSTF eligibility criteria,
and this increased to 11% (207/1824) using the
2021 USPSTF eligibility criteria. There was no

significant difference in eligibility between the
East and West coast cohorts (Table 4).

Knowledge, Interest, and History of Prior Lung

Cancer Screening

Awareness of lung cancer screening was higher in
the East Coast cohort (20%; 163/810) compared
with the West Coast cohort (13%; 590/4702)
[P< .00001] and among East Coast smokers (30%;
70/237) compared with West Coast smokers (13%;
213/1587) [P< .00001]. However, there was no dif-
ference in lung cancer screening awareness between
the 2 coasts when comparing only screening-eligi-
ble patients. Among women eligible for lung cancer
screening by the 2013 USPSTF guidelines, 35%
(45/127) had prior lung cancer screening. Among
women who were eligible for lung cancer screening
by the 2021 USPSTF guidelines, the majority of
women expressed interest in screening (73%; 151/
207), but only 42% (87/207) had heard of, and only
28% (57/207) had received a prior LDCT for lung
cancer screening (Table 5).

Discussion
Despite more than a decade of evidence to support
lung cancer screening with LDCT, participation of
eligible patients in screening programs remains as
low as 4% in the general population.17 In contrast,
more than 70% of eligible women report participa-
tion in screening mammography.10 In 2021, the

Table 2. Demographic Data

Cumulative (n = 5512) East Coast (n = 810) West Coast (n = 4702) p-Value

Mean age (SD, range) 58 (SD, 11, range 18 to 89) 56.7 (SD, 11, range 18 to 89) 58 (SD, 11, range 20 to 89) 0.0019
Spanish survey use 288 (5%) 280 (35%) 8 (0.1%) <0.0001

Abbreviation: SD, standard deviation.
Comparisons made using two independent samples Student’s t test.

Table 3. Smoking History

Cumulative (5512) East Coast (810) West Coast (4702) p-Value

Any history of smoking, N (%) 1824 (33%) 237 (29%) 1587 (34%) 0.033
Former smoker, N (%) 1656 (30%) 174 (21%) 1482 (32%) <0.0001
Current smoker, N (%) 156 (3%) 57 (7%) 99 (2%) <0.0001
NOS, N (%) 19 (0.3%) 14 (2%) 5 (0.1%) <0.001
Median pack years among smokers 10 10 10 1.0

Abbreviation: NOS = Not otherwise specified.
Comparisons made using x2 tests.
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USPSTF expanded criteria for lung cancer screen-
ing such that a larger number of patients are eligi-
ble for screening. This multi-site bicoastal study
sought to quantify the proportion of women partic-
ipating in screening mammography who are also el-
igible for lung cancer screening and to assess their
knowledge, interest, and current participation in
lung cancer screening. Women were surveyed from
2 distinct demographic populations on the East and
West Coasts. Survey responses demonstrated that
lung cancer screening eligibility among women
with a smoking history undergoing screening mam-
mography increased from 7% (127/1824) to 11%
(207/1824) using the revised 2021 USPSTF guide-
lines. Although most women eligible for lung can-
cer screening by 2021 guidelines expressed interest
(73%; 151/207), only 28% (57/207) had already
undergone lung cancer screening. Awareness, inter-
est, and participation in lung cancer screening
among eligible patients was not significantly differ-
ent between the East and West Coast cohorts.
Among all surveyed patients, however, patients in
the East Coast cohort had greater awareness of
LCS (20%; 163 of 810) than patients in the West
Coast cohort (13%; 590 of 4702), despite lower me-
dian household income, lower levels of education
and a preference for use of the Spanish language
survey.14,15 East coast patients with a history of
smoking also had greater awareness of LCS (30%;

70/237) than their West coast counterparts (13%;
213/1587).

Our results build on prior studies that under-
score the potential utility of screening mammog-
raphy referrals and encounters for improving
lung cancer screening participation. Lopez et al.
found that 7% of the 3806 screening mammog-
raphy patients in the National Health Interview
Survey were eligible for LCS but only 8% of
these eligible women had undergone screening.12

Wang et al. found that 3% (70/2136) of surveyed
mammography patients were eligible for LCS
and up to 31% (22/70) of eligible patients were
up to date with lung cancer screening.6 Our
study, which demonstrated 35% (45/127) adher-
ence to 2013 USPSTF lung cancer screening
guidelines, supports the findings of Wang et al.
However, whereas prior studies used the 2013
USPSTF lung cancer screening guidelines, our
study also evaluated the expanded inclusion cri-
teria of the 2021 USPSTF guidelines. Use of this
expanded criteria resulted in a 64% increase in
the lung cancer screening eligibility and a 7%
decrease (35% to 28%) in lung cancer screening
participation among screening mammography
patients. These results highlight the importance
of increasing outreach to the growing population
of patients who stand to benefit from lung cancer
screening.

Table 4. LCS Eligibility Among Smokers

Cumulative smokers (1824) East Coast smokers (237) West Coast smokers (1587) p-value

Eligibility by 2013 USPSTF
Guidelines, N (%)

127 (7%) 23 (10%) 104 (7%) 0.071

Eligibility by 2021 USPSTF
Guidelines, N (%)

207 (11.3%) 33 (14%) 174 (11%) 0.173

Abbreviations: LCS = Lung cancer screening; USPSTF = United States Preventive Services Task Force.
Comparisons made using x2 tests.

Table 5. Awareness of LCS, Interest in LCS, and History of Prior LCS Among Patients Eligible for LCS by 2021

USPSTF Guidelines

Cumulative (207) East Coast (33) West Coast (174) p-Value

Awareness of LCS, N (%) 87 (42%) 14 (42%) 73 (42%) 0.957
Interest in LCS, N (%) 151 (73%) 25 (76%) 126 (72%) 0.696
History of Prior LCS, N (%) 57 (28%) 9 (27%) 48 (28%) 0.972

Abbreviations: LCS = Lung cancer screening; USPSTF = United States Preventive Services Task Force.
Comparisons made using x2 tests.
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Furthermore, our study is the first, to our knowl-
edge, to compare lung cancer screening survey
results between 2 vastly different populations. The
West Coast institution serves a patient population
that has a higher median income and higher educa-
tion levels compared with the East Coast patient
population. The West Coast patient population is
predominantly non-Hispanic white and Asian,
compared with the East Coast patient population
which is predominantly Hispanic and Black race
and ethnicity, with more than 1-third preference
for the Spanish language survey. Despite these de-
mographic differences, no significant difference in
lung cancer screening eligibility was observed
between the 2 cohorts (11 to 14% of patients with a
history of smoking). In addition, no significant dif-
ference in lung cancer screening awareness (42%),
interest (72 to 76%), or adherence to guidelines (27
to 28%) was seen between the East and West Coast
cohorts among eligible screening mammography
patients. It is possible that the expected health dis-
parities between the 2 cohorts were not seen
because this was a selected group of women who
were already engaged in screening mammography.
Alternatively, language barriers or differences in
education level in the East Coast cohort may have
confounded the results. Although a Spanish lan-
guage survey was provided, the East Coast institu-
tion has a high number of foreign-born patients
who speak myriad languages and may have not fully
understood the survey questions. Nonetheless,
these results suggest that the need for improved
outreach efforts is not limited to a single geo-
graphic region, but rather should target patients of
all backgrounds nationwide. Greater overall aware-
ness of lung cancer screening in the East Coast
cohort was observed among all surveyed patients
and patients with any smoking history, which was
an unexpected result, given lower education levels
in this population. This finding may benefit from
further study.

It is important to note that a subset of patients
may choose not to undergo lung cancer screening
after weighing the risks and benefits of the screen-
ing examination. For patients with poor perform-
ance status, surgical treatment of lung cancer may
not be feasible, and these patients may choose not
to undergo screening exams. Furthermore, lung
cancer screening does come with the risk of false
positive exams which might lead to unnecessary
biopsies and invasive treatments. However, the risk

of false positives during lung cancer screening has
decreased with the use of the American College of
Radiology’s published Lung CT Screening Reporting
and Data System (Lung-RADS), which has been
shown to decrease the false positive rate from as
high as 23.3% to 10.4%.18 Furthermore, in our
study, only 14% of eligible women had heard of
LCS and not yet undergone screening. This
implies that the primary barrier may still be lack
of awareness of LCS, and not the choice to forego
screening after consideration of the risks and ben-
efits of the examination.

One distinct result of our survey study is the low
rate of current smoking among participants, which
is lower than reported nationwide smoking rates.
According to CDC data, the rate of current smok-
ing for women in the United States is 11%, as com-
pared with 14.1% for men.19 Our survey data
demonstrated current smoking rates of 7% and 2%
among surveyed women in the East and West
Coast institutions, respectively. Although this find-
ing is surprising, it may partially reflect regional
and demographic trends in current smoking rates.
For example, the current smoking rate is 8% for
both Asian-Americans and Hispanic Americans
(male and female), both large demographics in the
surveyed institutions. Current smoking rates are
also below nationwide averages in the states where
the study was conducted.20 Even with these consid-
erations, however, the current smoking rate at the
West Coast institution is well below reported rates.
This may suggest a limitation of the study—that
perhaps the survey did not fully capture the target
population.

Additional limitations of our study include
the underestimation of the response rate due to
inconsistent administration of the survey. A
voluntary response bias likely occurred given
the survey study design. In addition, patient
health literacy and reading comprehension may
have affected accurate survey completion and
participation, particularly in the East Coast
cohort. The generalizability of our results is
limited by the gender of the participating pop-
ulation, as all study participants were women.
Lastly, our survey administration began in
January 2020 and was temporarily halted due
to the COVID-19 pandemic and the associated
disruptions to screening mammography, includ-
ing reduced mammography volumes and missed
screening appointments.
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Screening mammography encounters may repre-
sent a prime opportunity for outreach to lung can-
cer screening-eligible patients, as these patients
have already demonstrated willingness to partake in
image-based cancer screening. The results of this
study suggest that awareness of lung cancer screen-
ing in the community remains low among screening
mammography patients. Approximately 40 million
mammograms were performed in the United States
in 2022.21 If every eligible woman presenting for a
mammogram was referred for lung cancer screen-
ing, a significant number of lives would be saved
from lung cancer.

In light of the USPSTF’s recent expansion of
lung cancer screening eligibility, many more
patients stand to benefit from lung cancer screen-
ing, and it is imperative that physicians consider
new tactics to improve participation in guidelines-
based screening. Including lung cancer screening as
a quality metric by the National Committee for
Quality Assurance (NCQA) may catalyze participa-
tion, and it may be valuable for primary care physi-
cians to assess for lung cancer screening eligibility
at the time of referral for screening mammography.
Imaging centers may also have an opportunity to
assess for eligibility: patients presenting for screen-
ing mammography could be asked questions about
their smoking history during intake and be sched-
uled for lung cancer screening if eligible, in coordi-
nation with referring clinicians. The present study
adds to the body of literature suggesting that link-
ing screening mammography and lung cancer
screening has the potential to improve uptake of
lung cancer screening and merits additional study.

This study would not have been possible without the tremen-
dous help of radiology managers, technologists, and front desk
staff at all participating institutions. Specific acknowledgment of
the hard work and dedication of Lamar Duncan, BS (LRT) and
Rose Mary Cabreja (RT) (M) is in order. Additional thank you
to Julian Sanchez, MD for assistance with English/Spanish
translation. Special thanks to research coordinator Stephanie
Gilbert and Director of Clinical Research Saima Charni-
Chaabane, PhD.

To see this article online, please go to: http://jabfm.org/content/
00/00/000.full.
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