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Abstract

Objective: To describe rates of low-dose computed tomography (LDCT) and all chest computerized to-
mography (CT) before and after Centers for Medicare and Medicaid Services (CMS) initiated reim-
bursement and requirements for screening and to describe factors associated with receipt of LDCT.
Patients and Methods: Retrospective cross-sectional study of Medicare enrollees aged 55 to 77 in Parts A
and B Medicare without HMO enrollment in a 20% national sample (n¼3,887,430 in 2010, 4,200,875 in
2015, and 4,145,542 in 2016). The outcomes were receipt of LDCT and any chest CT from January 1,
2010, to December 31, 2016. Other measures included enrollee demographic characteristics and di-
agnoses, including diagnoses of tobacco use.
Results: The number of enrollees aged 55 to 77 with LDCT rose throughout 2015 and early 2016, and
then plateaued. In 2016, 0.44% of enrollees, and 2.21% of those with a tobacco-use diagnosis, underwent
LDCT screening. There were increases in the rate of any chest CT (LDCT or diagnostic) between January 1,
2010 and December 31, 2016, and most of this was accounted for by LDCTs.
Conclusions: Two years after CMS approval for lung cancer screening reimbursement, less than 5% of the
Medicare population eligible for screening received LDCT. More work is required to identify and modify
the barriers for LDCT screening.
ª 2018 Mayo Foundation for Medical Education and Research. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
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L ung cancer is the leading cause of
cancer-related mortality in the United
States, with an estimated 154,050

attributable deaths in 2018.1 The 5-year sur-
vival rate for lung cancer is only 18% owing
to the fact that a majority of lung cancers are
diagnosed late in the disease when cure is no
longer possible.2 In early 2015, the Centers
for Medicare and Medicaid Services (CMS)
initiated reimbursement for low-dose comput-
erized tomography (LDCT) screening for lung
cancer in centers that meet eligibility and
screening requirements after a shared
decision-making visit.3 This was based on a
large trial published in 2011, demonstrating
lower mortality from lung cancer and from
all causes using annual LDCT screening and
subsequent United States Preventive Services
Task Force (USPSTF) recommendation in
2013.4,5 In 2018, a Dutch-Belgian trial showed
even larger reductions in lung cancer mortality
with screening LDCT.6
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As it is the only procedure known to reduce
lung cancer mortality, implementation of LDCT
and outcomes are the focus of ongoing research.
Two recent publications examined use of lung
cancer screening in 2010 and 2015, before and
after publication of the USPSTF guidelines, us-
ing the National Health Interview Study
(NHIS). The NHIS surveyed respondents who
had undergone computerized tomography
(CT) scans and asked whether the CT was per-
formed specifically to check for lung cancer.7,8

One study found no significant change over
the 5-year period, and the other, using some-
what different methodology, reported a 50% in-
crease.7,8 Both studies reported that less than 4%
of eligible respondents received LDCT
screening; however, results were based on re-
spondents’ ability to recall and differentiate
whether they received LDCT imaging for lung
cancer screening or whether CT imaging was
for another purpose. It is unclear if this is an
over- or underestimation of LDCT screening. A
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large California community health care system
found a 7.3% increase in LDCT ordersdnot
necessarily completed screeningsdfrom 2010
to 2016 of eligible patients.9

We hypothesize that lung cancer screening
is underused. To ascertain use of lung cancer
screening use in the United States, we used na-
tional Medicare data from January 1, 2010 and
December 31, 2016 to examine use of LDCT
screening before and after CMS initiated reim-
bursement and requirements for screening. In
addition, we describe factors associated with
receipt of LDCT.

METHODS

Source of Data
This was a retrospective cross-sectional study
using enrollment and claims data for a 20%
national sample of Medicare beneficiaries be-
tween January 1, 2010 and December 31,
2016. More than 98% of adults in the United
States, aged 65 years and older, are enrolled in
Medicare, which serves more than 45 million
beneficiaries. CMS selected a random sample
of 20% Medicare beneficiaries based on the
last 2 digits of their Medicare claim account
numbers, and this sample has been shown to
be representative of the whole cohort.10 This
included Medicare beneficiary summary files,
Medicare Provider Analysis and Review files,
Outpatient Standard Analytic Files, and Medi-
care Carrier files. The University of Texas
Medical Branch Institutional Review Board
approved the research and waived informed
consent.

Cohorts
We developed separate cohorts for each calendar
year: 2010 (n¼3,887,430), 2015 (n¼4,200,875),
and 2016 (n¼4,145,542). Each cohort included
beneficiaries aged 55 to 77 years old on January
1of that year,with completeMedicare PartA (hos-
pital insurance) and Part B (outpatient and pre-
ventative services) coverage and no health
maintenance organization (HMO) enrollment in
that year. HMO enrollees (including Medicare
Advantage) were excluded, as there may be
incomplete data if enrollees are referred to external
plan providers. In 2016, this cohort represented
50.4% of all Medicare enrollees (33.9% of enroll-
ees age 55 to 64 and 54.3% of enrollees age 65 to
77). For analyses that included comorbidity
Mayo Clin Proc Inn Qual Out n March 2019;3(1):70-77 n https://do
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measures, we further restricted the cohorts to
those with complete Parts A and B and no HMO
coverage in the study year and in the previous
year (n¼3,412,011 for 2010; 3,673,046 for
2015; and 3,568,760 for 2016). This allowed
for the assessment of comorbidities in the year
prior to receipt of LDCT. In the 2016 analyses
that included estimated life expectancy,we further
restricted the cohorts to those aged older than 65
(n¼3,071,441). The steps for the selection of co-
horts are outlined in the Figure.

Beneficiary and Regional Characteristics
Medicare enrollment files provided information
on beneficiary age, sex, race and ethnicity, and
reason for original entitlement (age 65, disability
or end-stage renal disease). We used Medicaid
enrollment file as a proxy for low income.
Chronic obstructive pulmonary disease
(COPD) or emphysema were identified by Inter-
national Classification of Diseases, Ninth Revi-
sion (ICD-9) codes 490, 491, 492, 496 or
International Classification of Diseases, Tenth
Revision (ICD-10) codes J410, J411, J430,
J431, J432, J438 J439, J440, J441, or J449 asso-
ciated with inpatient or outpatient billing claims
in the previous 12 months. Elixhauser comor-
bidity measures with COPD or emphysema
excluded were generated from all claims in the
12 months before each study year and catego-
rized according to number of comorbidities (0,
1, 2, 3, 4þ).11We estimated the rate of previous
or current smokers for each year, defined by the
code V15.82 (history of tobacco use), or ICD-9
codes 305.1 (tobacco-use disorder), or 989.84
(toxic effect of tobacco). Life expectancy of the
enrollees who were older than 65 and who un-
derwent LDCTwas estimatedusing an algorithm
based on a person’s age and the presence or
absence of any of the comorbidities included in
the Elixhauser comorbidity measure.12,13 The
C-statistics for the models predicting 10-year
mortality were 0.77 for men and 0.80 for
women.12

Outcomes
Outcomes were receipt of low dose CT (CPT
G0297 or S8032); any chest CT (CPT 71250,
71260, 71270, G0297, or S8032; or ICD-9
874.1, 874.2, or ICD-10 BW2400Z, BW240ZZ,
BW2410Z, BW241ZZ, BW24Y0Z, BW24YZZ,
BW24ZZZ, BW2500Z, BW250ZZ, BW2510Z,
BW251ZZ, BW25Y0Z, BW25YZZ, BW25ZZZ).
i.org/10.1016/j.mayocpiqo.2018.12.003 71
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FIGURE. Number of Medicare enrollees with claims for LDCT lung cancer screening, by month, in 2015
and 2016. The number of beneficiaries with LDCT equals all enrollees with complete Parts A&B, no
HMOs in 2015 or 2016, and no chest CTs in the 12 months prior to the LDCT examination date.
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Statistical Analyses
We calculated the number and proportion of
Medicare beneficiaries with a charge for LDCT
or any chest CT in 2010, 2015, and 2016. The
number of LDCT charges prior to 2015 was
0 because there was no code for that service
before 2015. For 2016, we calculated the pro-
portions of enrollees stratified by patient charac-
teristics. We also estimated the odds of
undergoing LDCT in 2016 using logistic regres-
sion. Because of the size of the cohorts, the 95%
confidence intervals for estimates were small,
and small differences were statistically signifi-
cant. Our focus was more on clinically meaning-
ful differences. The numbers and proportions of
beneficiaries receiving LDCT or any chest CT
were also calculated for each month from
January 2015 to December 2016. We then
analyzed the time trends in LDCT using Join-
point analysis (SAS Analytics, Cary, NC), with
a nonlinear model, to identify change points
and 95% confidence intervals and also slopes be-
tween the change points. Statistical significance
for the Joinpoint analysis was at P<0.0001.
RESULTS
Table 1 presents the characteristics of the
Medicare population studied for 2015. The
enrollees younger than age 65 (12.8%) all
Mayo Clin Proc Inn Qual Out n March 20
had either disability or end-stage renal disease
as the reason for Medicare eligibility. More
than half the cohort had �1 comorbidity,
and only 5.63% had diagnoses for COPD or
emphysema. Approximately 17.3% of enroll-
ees had diagnoses of current or previous to-
bacco use. There were small changes in these
characteristics in the 2010 and 2016 cohorts
(not displayed).

The percentage of Medicare enrollees who
had charges for LDCT lung cancer screening
and for those with smoking diagnoses is
shown in Table 2. There were no specific
Medicare billing codes for LDCT before
2015, so the rate for 2010 is given as 0%. By
2016, the rate of LDCT in the overall sample
was 0.44% (confidence interval [CI] 0.43-
0.45), and 2.21% (CI 2.18-2.25) among those
with tobacco diagnoses. The 2016 LDCT rate
for persons aged 65 to 77 was 0.41% (data
not shown). Over the January 1, 2010 and
December 31, 2016 period, the absolute in-
crease of any chest CT (including LDCT) was
0.94% among all enrollees and 1.44% among
those with smoking diagnoses.

The number of Medicare enrollees in the
20% sample, aged 55 to 77, who underwent
LDCT in each month in 2015 and 2016 is
shown in the Figure. There was a significant
(P<.001) increase in slope December of 2015
19;3(1):70-77 n https://doi.org/10.1016/j.mayocpiqo.2018.12.003
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TABLE 1. Characteristics of Medicare Enrollees in
the 20% National Sample in 2015a

Number of enrollees (%)

All 3,673,046 (100%)

Age
55-59 225,987 (6.15%)
60-64 243,474 (6.63%)
65-69 1,349,285 (36.73%)
70-74 1,256,280 (34.20%)
75-77 598,019 (16.28%)

Race/Ethnicity
White 2,969,632 (80.85%)
Black 330,699 (9.00%)
Hispanic 197,013 (5.36%)
Others 175,701 (4.78%)

Gender
Female 1,972,535 (53.70%)
Male 1,700,510 (46.30%)

Medicaid eligible
Yes 525,068 (14.30%)
No 3,147,977 (85.70%)

Initial eligibility by
disability or age
Yes 879,516 (23.95%)
No 2,793,529 (76.05%)

Previous COPD
or emphysema?
Yes 206,916 (5.63%)
No 3,466,129 (94.37%)

Any tobacco diagnoses?

Yes 638,836 (17.34%)
No 3,036,209 (82.66%)

Number of comorbiditiesb

0 1,308,685 (35.63%)
1 795,487 (21.66%)
2 637,809 (17.36%)
3 380,835 (10.37%)
4þ 550,229 (14.98%)

aAll enrollees had both Part A and B Medicare and were not
enrolled in HMOs in 2014 and 2015.
bExcluding COPD or emphysema

COPD ¼ chronic obstructive pulmonary disease

LOW USE OF LUNG CANCER SCREENING IN MEDICARE
(95% CI, November 2015, January 2016) and
leveling of the slope in April of 2016 (95% CI,
March, May). After CMS approval for LDCT
screening, the slope throughout 2015 shows
an increase of 54.8 LDCTs in enrollees per
month. After December 2015, the slope showed
sharper increase of 220 per month and in April
less of an increase of 35 per month. By inspec-
tion, there were no further increases in number
Mayo Clin Proc Inn Qual Out n March 2019;3(1):70-77 n https://do
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of LDCTs starting in August of 2016, at about
1800 per month.

The characteristics of those who under-
went LDCT screening in 2016, the first full
year with Medicare reimbursement, is pre-
sented in Table 3. Those patients younger
than 65 years of age account for 13.1% of ben-
eficiaries but for one fifth of all LDCTs in
2016. More than 98% had diagnoses of cur-
rent or previous tobacco use. More than half
(55.0%) had diagnoses of COPD or emphy-
sema. Among those aged 65 to 77 who had
LDCTs, 75.9% had estimated life expectancies
of greater than10 years at the time of
screening, whereas 19.8% had life expec-
tancies of more than 5 to less than 10 years,
and 4.4% had life expectancies of less than 5
years. Older beneficiaries and those with
increased number of comorbidities were less
likely to receive LDCT.

DISCUSSION
We found use of LDCT in the first 2 years of
lung cancer screening coverage in the Medi-
care population is low. We compared our re-
sults to 2 estimates of eligible Medicare
beneficiaries. One study estimates that 12.5%
of Medicare beneficiaries are eligible for lung
cancer screening.14 We found the rate of
LDCT screening in 2016 was 0.44% or
91,220 Medicare enrollees aged 55 to 77
with Parts A and B Medicare not enrolled in
HMOs. If we postulate that the LDCT rate
for the 49.6% of Medicare enrollees in an
HMO or without Part B is also 0.44%, the esti-
mated total Medicare population age 55 to 77
undergoing screening in 2016 numbered
approximately 181,000 beneficiaries. This is
less than 4% of another study, which estimates
4.9 million Medicare beneficiaries are eligible
for LDCT screening, although this estimate
included persons aged 78 to 80 who are not
included in CMS guidelines,15 After subtract-
ing 78 to 80 year olds, our findings suggest
that less than 5% of Medicare enrollees esti-
mated to meet CMS eligibility criteria under-
went LDCT screening in 2016.

Using, NHIS data, Huo et al reported a
2.1% overall rate of LDCT in those age 40
and older and estimated that approximately
880,000 persons aged 55 to 74 underwent
LDCT screening in 2015.8 Jemal and Fedewa
also used NHIS but restricted their analyses
i.org/10.1016/j.mayocpiqo.2018.12.003 73
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TABLE 2. Percent of Enrollees With Claims Data for LDCT and All CTs in 2010, 2015, 2016, for all Medicare Enrollees Aged 55 to 77 and for
Enrollees With Smoking Diagnoses

Year

LDCT Any chest CT

All enrollees
(95% CI)

Those with smoking diagnostic
codes (95% CI) All enrollees (95% CI)

Those with smoking
diagnostic codes (95% CI)

2010 0% 0% 7.38% (7.35%-7.41%) 20.38% (20.24%-20.52%)

2015 0.09% (0.08%-0.09%) 0.49% (0.47%-0.51%) 7.59% (7.56%-7.61%) 20.61% (20.51%-20.71%)

2016 0.44% (0.43%-0.45%) 2.21% (2.18%-2.25%) 8.32% (8.29%-8.35%) 21.82% (21.73%-21.91%)

Denominator is all enrollees with complete Part A&B in 2010, 2015, or 2016 and not enrolled in HMOs in that year.

CI ¼ confidence interval; CT ¼ computed tomography; LDCT ¼ low-dose computed tomography
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to those who met the age and smoking criteria
for LDCT screening.7 They estimated that
262,700 of 6,800,000 persons aged 55 to 80
who met criteria for screening underwent
LDCT in 2015. Authors of both studies noted
that LDCT rates were lower than expected.
Our estimates of LDCT use are even lower
than those reported from NHIS. LDCT rates
from NHIS depend on accuracy of recall and
the respondent’s ability to distinguish among
different imaging tests. The fact that 1.2% of
never smokers aged 40 and older reported a
2015 LDCT in the NHIS supports the possibil-
ity of false positive self-reports.8 Other esti-
mates of LDCT use are also based on surveys
of selected centers and have also reported
modest rates.16e18

We cannot compare our results directly
with those from the NHIS for several reasons.
The NHIS sample was constructed to repre-
sent all community-dwelling people, whereas
the Medicare cohort included those in institu-
tions and excluded those without Part A and B
Medicare and those enrolled in HMOs. In
addition, the Medicare population below age
65 is limited to those with disabilities or
end-stage renal disease. Finally, NHIS data
provide information on quantity and years of
smoking, which allows for better estimations
of eligibility for LDCT screening, whereas the
Medicare data are limited to whether the
enrollee had current or previous exposure to
tobacco.

Concern has been raised that many older
patients undergoing cancer screening tests
may not live long enough to benefit, leading
to overtreatment.19 Approximately 24% of
the Medicare enrollees undergoing LDCT
had projected life expectancies of less than
Mayo Clin Proc Inn Qual Out n March 20
10 years, with 4.4% less than 5 years. Such pa-
tients would encounter similar harm from
further diagnostic tests and treatments but
with less time to experience the benefits of
those treatments.

There many possible contributing factors
to the low rates of LDCT screening including
lack of awareness among primary care pro-
viders regarding evidence, recommendations,
patient eligibility criteria, or physician “buy-
in.” The number of screening-eligible smokers
decreased from 8.4 million in 2010 to 6.8
million in 2015.7 Trends in documentation
of smoking history to determine lung cancer
screening eligibility has shown improvement,
but even after efforts to improve documenta-
tion, remains less than 50%.9,20e22 Among
Medicare recipients, prevalence of diagnostic
codes for current and former smokers was
approximately 55% of national survey esti-
mates by the Behavioral Risk Factor Surveil-
lance System, suggesting that this population
has even poorer attention to tobacco docu-
mentation and cessation counseling.23,24 The
requirement for a separate shared decision-
making visit may be a barrier.25e28 Also, clini-
cians may be focusing on those at highest risk
among their patients who meet CMS screening
criteria.29,30 The high false positive rate and
potential for negative lung biopsies and thora-
cotomies may discourage some patients and
their physicians.26 Concern about potential
adverse effects of LDCT screening prompted
CMS to issue numerous requirements,
including specific criteria for both radiologists
and LDCT facilities, and participation in a na-
tional registry of patients receiving LDCT.3

These may be slowing dissemination. Also,
low rates of screening may simply be related
19;3(1):70-77 n https://doi.org/10.1016/j.mayocpiqo.2018.12.003
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TABLE 3. Characteristics of Medicare Enrollees with LDCT Claims in 2016

Number of enrollees
Number of patients

with LDCT (Column %) Percent screened (95% CI) Adjusted OR

Alla 4,145,542 18,244 (100%) 0.44% (0.43%-0.45%)

Agea

<65 542,258 3,627 (19.88%) 0.67% (0.64%-0.69%) Reference
65-68 1,399,626 6,726 (36.87%) 0.48% (0.46%-0.50%) 0.85 (0.81-0.90)
69-71 853,554 3,876 (21.25%) 0.45% (0.43%-0.47%) 0.75 (0.71-0.80)
72-74 749,155 2,771 (15.19%) 0.37% (0.35%-0.39%) 0.59 (0.55-0.63)
75-77 600,949 1,244 (6.82%) 0.21% (0.19%-0.22%) 0.32 (0.30-0.35)

Race/Ethnicitya

Black 376,719 1,115 (6.11%) 0.30% (0.27%-0.32%) 0.59 (0.55-0.63)
Hispanic 237,536 429 (2.35%) 0.18% (0.16%-0.20%) 0.41 (0.36-0.46)
Others 231,951 675 (3.70%) 0.29% (0.26%-0.32%) 0.66 (0.60-0.72)
White 3,299,336 16,025 (87.84%) 0.49% (0.47%-0.50%) Reference

Gendera

Female 2,223,040 8,894 (48.75%) 0.40% (0.39%-0.41%) 0.82 (0.79-0.85)
Male 1,922,502 9,350 (51.25%) 0.49% (0.47%-0.50%) Reference

Medicaid eligiblea

No 3,524,948 14,810 (81.18%) 0.42% (0.41%-0.43%) 0.98 (0.93-1.02)
Yes 620,594 3,434 (18.82%) 0.55% (0.53%-0.58%) Reference

Comorbidity, excluding COPDb

0 1,450,318 4144 (26.39%) 0.29% (0.28%-0.30%) 1.57 (1.48-1.66)
1 756,769 4098 (26.10%) 0.54% (0.52%-0.56%) 1.95 (1.84-2.06)
2 558,787 3155 (20.09%) 0.56% (0.54%-0.59%) 1.86 (1.75-1.98)
3 328,754 1882 (11.99%) 0.57% (0.54%-0.60%) 1.57 (1.46-1.68)
4þ 492,131 2423 (15.43%) 0.49% (0.47%-0.52%) Reference

Previous COPD/emphysemab

No 3,253,661 7061 (44.97%) 0.22% (0.10%-0.33%) 0.18 (0.17-0.19)
Yes 333,098 8641 (55.03%) 2.59% (2.25%-2.93%) Reference

Tobacco diagnosisb

Yes 972,462 15,522 (98.85%) 1.60% (1.57%-1.63%)
No 2,614,298 180 (1.15%) 0.007% (0.005%-0.008%)

Life expectancyc

�10 years 2,488,382 9293 (75.88%) 0.37% (0.36%-0.39%)

>5 and <10 years 444,958 2,419 (19.75%) 0.54% (0.52%-0.57%)

�5 years 138,101 535 (4.37%) 0.39% (0.35%-0.42%)

aDenominator is all enrollees have complete Parts A&B with no HMOs in 2016.
bDenominator is all enrollees have complete Parts A&B, with no HMOs in 2015 and 2016.
cDenominator is all enrollees aged 66þ and have complete Parts A&B, with no HMOs in 2015 and 2016. Life expectancy is estimated only for those older than age 65
because the algorithm was derived from those older than age 65.

CI ¼ confidence interval; COPD ¼ chronic obstructive pulmonary disease; LDCT ¼ low-dose computed tomography; OR ¼ odds ratio

LOW USE OF LUNG CANCER SCREENING IN MEDICARE
to slow uptake during the first 2 years after
CMS approval.

LIMITATIONS
As noted above, the results from enrollees
aged 65 to 77 with fee-for-service Part A and
B Medicare are not generalizable to those in
Medicare HMOs, and the results from those
age 55 to 64 are from those with Medicare
Mayo Clin Proc Inn Qual Out n March 2019;3(1):70-77 n https://do
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because of disability or end-stage renal disease.
It is possible that some LDCTs received by
Medicare enrollees were coded as other chest
CTs. However, the monthly rates of charges
for LDCT appeared to stabilize by August of
2016, suggesting that early issues with use of
correct billing codes has been resolved.

We were unable to assess eligibility directly
for LDCT using Medicare data. Specifically, we
i.org/10.1016/j.mayocpiqo.2018.12.003 75
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cannot identify amount and timing of tobacco
exposure, lack of symptoms, willingness of a pa-
tient to pursue treatment if cancer is found, or re-
sults of shared decision-making discussion.
Smoking history, a key component in deter-
mining eligibility, is poorly documented for cur-
rent or past tobacco use, with a 7% sensitivity
but more than 98% specificity.31 As a result,
some LDCT recipients may not have met CMS
criteria for lung cancer screening. Although we
assessedwhether patients had tobacco diagnoses
in their Medicare charges, such diagnoses may
not be accurate and do not indicate either type
of amount or period of tobacco use.31,32

CONCLUSIONS
These results suggest a low uptake of LDCT
screening for lung cancer in the initial 2 years af-
ter CMS-approved reimbursement for the
Medicare population, with no evidence from
late 2016 that the rate is continuing to rise.
Further work is required to improve the imple-
mentation of LDCT for lung cancer screening.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
http://mcpiqojournal.org/. Supplemental ma-
terial attached to journal articles has not
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care and Medicaid Services; COPD = chronic obstructive
pulmonary disease; CPT = current procedural terminology;
HMO = Health Maintenance Organization; ICD-9 = Inter-
national Classification of Diseases Ninth Revision; ICD-10 =
International Classification of Diseases Tenth Revision;
LDCT = low dose computed tomography; NHIS = National
Health Interview Study; USPSTF = United States Preventive
Services Task Force
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