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ABSTRACT

OBJECTIVE

To determine the effect of the introduction of low
dose computed tomography screening in 2013 on
lung cancer stage shift, survival, and disparities in the
stage of lung cancer diagnosed in the United States.

DESIGN

Quasi-experimental study using Joinpoint modeling,
multivariable ordinal logistic regression, and
multivariable Cox proportional hazards modeling.

SETTING
US National Cancer Database and Surveillance
Epidemiology End Results program database.

PARTICIPANTS

Patients aged 45-80 years diagnosed as having non-
small cell lung cancer (NSCLC) between 1 January
2010 and 31 December 2018.

MAIN OUTCOME MEASURES

Annual per cent change in percentage of stage | NSCLC
diagnosed among patients aged 45-54 (ineligible

for screening) and 55-80 (potentially eligible for
screening), median all cause survival, and incidence
of NSCLC; multivariable adjusted odds ratios for year-
to-year changes in likelihood of having earlier stages
of disease at diagnosis and multivariable adjusted
hazard ratios for changes in hazard of death before
versus after introduction of screening.

RESULTS
The percentage of stage | NSCLC diagnosed among
patients aged 55-80 did not significantly increase

WHAT IS ALREADY KNOWN ON THIS TOPIC

lung cancer mortality

December 2013

unknown

Randomized trials have shown that lung cancer screening with low dose
computed tomography (LDCT) results in a beneficial stage shift and reduction in

The US Preventive Services Task Force first recommended lung cancer screening
with LDCT for people at high risk meeting requisite age and smoking criteria in

The association of lung cancer screening, since its introduction, with lung cancer
stage shifts and survival in a real world, non-randomized setting, in the US is

WHAT THIS STUDY ADDS

improvements in survival

in the US

The introduction of lung cancer screening in the US in December 2013 was
associated with a stage shift toward stage | non-small cell lung cancer and

Disparities in the stage of lung cancer diagnosed between patient populations
continue to exist, illustrating the need for efforts to increase access to screening
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from 2010 to 2013 (from 27.8% to 29.4%) and then
increased at 3.9% (95% confidence interval 3.0%

to 4.8%) peryear from 2014 to 2018 (from 30.2% to
35.5%). In multivariable adjusted analysis, the increase
in the odds peryear of a patient having one lung cancer
stage lower at diagnosis during the time period from
2014 to 2018 was 6.2% (multivariable adjusted odds
ratio 1.062, 95% confidence interval 1.048 to 1.077;
P<0.001) higher than the increase in the odds per year
from 2010 to 2013. Similarly, the median all cause
survival of patients aged 55-80 did not significantly
increase from 2010 to 2013 (from 15.8 to 18.1
months), and then increased at 11.9% (8.9% to 15.0%)
peryear from 2014 to 2018 (from 19.7 to 28.2 months).
In multivariable adjusted analysis, the hazard of death
decreased significantly faster after 2014 compared with
before 2014 (P<0.001). By 2018, stage | NSCLC was

the predominant diagnosis among non-Hispanic white
people and people living in the highest income or best
educated regions. Non-white people and those living in
lower income or less educated regions remained more
likely to have stage IV disease at diagnosis. Increases
in the detection of early stage disease in the US from
2014 to 2018 led to an estimated 10100 averted
deaths.

CONCLUSIONS

A recent stage shift toward stage | NSCLC coincides
with improved survival and the introduction of lung
cancer screening. Non-white patients and those living
in areas of greater deprivation had lower rates of stage
| disease identified, highlighting the need for efforts
to increase access to screening in the US.

Introduction

Although advancements in the treatment for late
stage lung cancers have been associated with modest
improvements in survival,! > the early detection of
lung cancer remains the most promising strategy to
decrease mortality from lung cancer. Lung cancer
screening using low dose computed tomography has
been shown to detect lung cancers at an earlier stage
compared with chest radiography or no screening
in randomized controlled trials.> * On the basis of
evidence from the National Lung Screening Trial
(NLST),? the United States Preventive Services Task
Force (USPSTF) first recommended low dose computed
tomography screening for people at high risk in
December 2013.° However, skepticism about the
effectiveness of such screening outside of rigorous
clinical trial settings continues to exist in the medical
community.® 7 Although screening has been shown to
result in a favorable stage shift and improved survival
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in two large scale randomized studies,’ * no national
studies have shown these benefits in a real world
setting at the population level. The objectives of this
study were to evaluate whether the percentage of
stage I non-small cell lung cancer (NSCLC) diagnosed
increased among patients potentially eligible for
screening since 2014, to evaluate whether median
all cause survival has increased among these patients
since 2014, and to evaluate whether any effects on
stage extend to the entire population or only selected
parts of the population.

Methods

Data sources

The National Cancer Database (NCDB) is a clinical
oncology database jointly administered by the
Commission on Cancer of the American College of
Surgeons and the American Cancer Society. The NCDB
captures approximately 65% of all newly diagnosed
cases of lung cancer in the US and Puerto Rico.2® The
NCDB is a hospital based registry and collects data
from a different number of participating hospitals each
year. Because the number of participating hospitals
has been increasing with each year, more recent years
include data for a greater number of patients compared
with previous years. The Surveillance, Epidemiology,
and End Results (SEER) program database is composed
of 18 population based US registries that cover
approximately 28% of the US population.'® Data on
cancer incidence and mortality are recorded from 2000
to 2018. For the years of study inclusion (2010-18),
we reclassified clinical staging by using best available
data according to American Joint Committee on Cancer
8th edition criteria.!

Study design

This retrospective analysis was approved by the
Massachusetts General Hospital Institutional Review
Board. We identified patients aged 45-80 in the NCDB
and aged 55-79 in the SEER Program database who
were diagnosed as having NSCLC from 2010 to 2018
for inclusion by using International Classification of
Diseases for Oncology histology and topography codes,
3rd edition (ICD-0-3).'? We compared patients found to
have NSCLC from 1 January 2010 to 31 December 2013
with patients found to have NSCLC from 1 January
2014 to 31 December 2018. We chose these year cut-
offs because the USPSTF first recommended low dose
computed tomography screening for people at high
risk in December 2013.® We selected the age cut-offs to
closely resemble the eligibility criteria for lung cancer
screening according to the original USPSTF guidelines:
patients aged 55-80 with a 30 pack year smoking
history who were current smokers or had quit within
the previous 15 years. We also analyzed patients aged
45-54 years as a control group in the NCDB.

Using the NCDB, we evaluated the annual per cent
change in the percentage of stage I disease diagnosed
and trends in median all cause survival from 2010 to
2018. The primary outcome was whether an inflection
point was identified corresponding to an accelerated
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increase in the rate of stage I disease diagnosed or
median all cause survival shortly after the USPSTF
first recommended lung cancer screening in December
2013.

Next, we evaluated whether a lung cancer stage
shift in the US from 2010 to 2018 was accompanied
by more frequent detection of “indolent” histologic
subtypes (typical carcinoid tumors and subtypes
formerly classified as bronchioloalveolar carcinoma,
such as minimally invasive adenocarcinoma or lepidic
adenocarcinoma) (see supplementary table A). We
assessed whether the percentage of these histologies
among patients diagnosed as having stage I NSCLC
increased from 2010 to 2018. In addition, we did a
sensitivity analysis evaluating the year-to-year changes
in the percentage of stage I disease identified only
among patients diagnosed as having non-indolent
histologic subtypes.

We also did several analyses to evaluate whether
any observed shift in the percentage of stage I
disease identified could have been explained by
factors other than the start of low dose computed
tomography screening in the US. Firstly, we assessed
whether changes in the percentage of patients with
unknown staging information may have contributed
to an increasing percentage of patients having stage I
disease at diagnosis (that is, owing to improvements
in the accuracy of documenting clinical staging
information over time). We evaluated changes in
the percentage of patients with unknown staging
information in the NCDB from 2010 to 2018. We also
evaluated the percentage of patients with unknown
staging information who had surgery and the five year
overall survival of patients with unknown staging
information. In addition, because most of the patients
with unknown staging information were found to
have five year overall survival rates similar to patients
having stage II and III NSCLC at diagnosis, we did
a sensitivity analysis examining the year-to-year
percentages of stage I disease identified from 2010
to 2018 in which we considered patients whom we
had previously excluded because they had unknown
staging information as having more advanced disease.

Secondly, we compared the per cent change per
year in the percentage of NSCLC diagnosed at stage I
among patients in the NCDB aged 45-54 (ineligible for
screening) with that in patients aged 55-80 (potentially
eligible for screening on the basis of age) from 2010 to
2018 to evaluate whether patients who were ineligible
for screening also saw an increase in the percentage of
stage I lung cancers diagnosed. Thirdly, we assessed
whether differential changes occurred in the percentage
of patients in the NCDB diagnosed as having stage I
NSCLC per year when patients were grouped according
to the age of Medicare eligibility: ages 55-64 (ineligible
for Medicare) and ages 65-80 (eligible for Medicare).
Fourthly, using the SEER Program database, we
compared changes in the year-to-year percentages of
stage I disease identified and median all cause survival
from 2010 to 2018 among “high screening” states
(states with screening rates higher than the national
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average lung cancer screening rate in 2018) or “low
screening” states (states with screening rates lower
than the national average lung cancer screening rate in
2018) (supplementary table B). In addition, using the
NCDB, we evaluated differences in the percentages of
stage I and stage IV disease diagnosed in 2010 versus
2018 according to patients’ race/ethnicity and area of
residence (high income versus low income and well
educated versus less educated) (see supplementary

methods).

Lastly, we evaluated trends in incidence of lung
cancer by stage from 2010 to 2018 using the SEER
Program database. We also estimated the number of
deaths from NSCLC averted owing to a shift toward
earlier stages of disease identified after the introduction
of lung cancer screening in the US (see supplementary

methods).

Statistical analysis

We evaluated trends from 2010 to 2018 in the
percentage of patients with stage I NSCLC at diagnosis
and in the median all cause survival among patients
in the study cohort by using joinpoint regression (see
supplementary methods). We also used joinpoint
regression to characterize trends in incidence of lung
cancer (see supplementary methods) by stage group
in the SEER Program database. We did sensitivity
analyses allowing for up to two joinpoints.

In addition, using the NCDB, we investigated
changes in the likelihood of having a lower stage (for
example, stage I instead of stage II, stage II instead of
stage III, or stage III instead of stage IV) at diagnosis
of NSCLC from 2010 to 2018 at an individual level
by using a multivariable ordinal logistic regression
model. Clinical stage at diagnosis (stage I, II, III, or IV)
was the outcome, and we included the introduction of
low dose computed tomography lung cancer screening
in the US as a time varying covariate. We adjusted for
sex, age, race/ethnicity, Charlson-Deyo comorbidity
score, median census tract income, percentage of
people without a high school education living in that
patients’ zip code, insurance status, distance from
hospital, histologic subtype, tumor grade, facility
type, metropolitan/urban/rural status, and region of
residence (for example, North East, East North Central,
Pacific). Standard errors were clustered at the hospital
level. We did sensitivity analyses varying the time of
the introduction of lung cancer screening in the US.

We also did stratified interaction tests with the
introduction of low dose computed tomography
screening included as a time varying covariate. We first
stratified patients according to the age of eligibility for
lung cancer screening: patients aged 45-54 (ineligible
for screening) and patients aged 55-80 (potentially
eligible for screening on the basis of age). Additionally,
we stratified patients who were potentially eligible for
screening according to the age of Medicare eligibility:
patients aged 55-64 (potentially eligible for screening
and ineligible for Medicare) and patients aged 65-
80 (potentially eligible for screening and eligible for

Medicare).
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In addition, we used a multivariable Cox proportional
hazards model to evaluate changes in the hazard of
death before and after the USPSTF recommended low
dose computed tomography screening in December
2013. We adjusted for the same covariates listed
above in addition to clinical stage group and the
receipt of surgery, chemotherapy, radiation, and
immunotherapy. We estimated the number of deaths
averted due to a shift toward earlier stages of disease
identified on the basis of the hazard function from the
multivariable Cox proportional hazards model (see
supplementary methods). We used Joinpoint Software
Version 4.9.0.0 and Stata/MMP Version 17.0 for PC for
statistical analyses.

Patient and public involvement

Although we did not directly involve patients or the
public in the design, reporting, or dissemination plans
of this research, our experiences speaking to patients
and members of the public through lung cancer
screening awareness and advocacy efforts with the
American Lung Cancer Screening Initiative inspired
this study. We did not ask patients or members of the
public to advise on the interpretation or writing up of
results.

Results

Between 2010 and 2018, 763474 patients in the
NCDB met the study inclusion criteria (supplementary
figure A). Table 1 shows the characteristics of patients
in the NCDB diagnosed as having NSCLC from 2010 to
2013 and from 2014 to 2018.

Lung cancer stage shift since USPSTF first
recommended screening in December 2013
Between 2010 and 2018, the percentage of patients
aged 55-80 in the NCDB with stage  NSCLC (as opposed
to other stages of NSCLC) at diagnosis increased by
28% (from 27.8% to 35.5%; P<0.001). From 2010
to 2013, the year-to-year percentages of patients
with stage I NSCLC at diagnosis did not increase
significantly (from 27.8% to 29.4%; annual per cent
change 1.9%, 95% confidence interval -0.1% to
3.8%; P=0.06) (fig 1). However, an inflection point was
identified corresponding to an accelerated increase
in the rate of stage I disease diagnosed in 2013 (95%
confidence interval 2012 to 2015). From 2014 to
2018, the year-to-year percentages of stage I disease
diagnosed increased at more than twice the rate seen
in the preceding four year term (from 30.2% to 35.5%;
annual per cent change 3.9%, 3.0% to 4.8%; P<0.001).
In multivariable adjusted analysis, from 2010
to 2013 the increase in the odds of a patient being
diagnosed as having one lung cancer stage lower (for
example, stage I instead of stage II, stage II instead
of stage III, or stage III instead of stage IV) was 2.3%
higher (multivariable adjusted odds ratio 1.023, 95%
confidence interval 1.013 to 1.033; P<0.001) compared
with the previous year. By contrast, from 2014 to 2018
the increase in the odds of a patient being diagnosed
as having one lung cancer stage lower was 8.7%
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Table 1 | Baseline characteristics of patients diagnosed as having non-small cell lung

cancerin 2010-13 and 2014-18 in National Cancer Data Base. Values are numbers

(percentages) unless stated otherwise

2010-13 2014-18

Characteristics (n=314107) (n=449367) P value

Age (years): <0.001
45-54 36497 (11.6) 38796 (8.6)

55-64 87649 (27.9) 128758 (28.7)
65-80 189961 (60.4) 281813 (62.7)

Female sex 149819 (47.7) 221074 (49.2)  <0.001

Race/ethnicity: <0.001
Non-Hispanic white 247136 (78.6) 357862 (79.6)

Hispanic 17326 (5.5) 17014 (3.8)
Non-Hispanic black 37107 (11.8) 52816 (11.8)
Non-Hispanic Native American 936 (0.3) 1582 (0.4)
Non-Hispanic Asian 7236 (2.3) 12726 (2.8)
Other 4366 (1.4) 7367 (1.6)

Charlson comorbidity score: <0.001

0 175672 (55.9) 256552 (57.1)
1 92383 (29.4) 116011 (25.8)
2 32979 (10.5) 46751 (10.4)

>3 13073 (4.2) 30053 (6.7)

Insurance status: <0.001

Not insured 12400 (3.9) 10480 (2.3)
Private insurance/managed care 89628 (28.5) 118276 (26.3)
Medicaid 22271 (7.1) 36129 (8.0)
Medicare 179818 (57.2) 269095 (59.9)
Other government 5165 (1.6) 9363 (2.1)

Unknown 4825 (1.5) 6024 (1.3)

Facility type: <0.001
Community cancer program 22824 (7.3) 29772 (6.6)
Comprehensive community cancer 126347 (40.2) 177295 (39.5)

program
Academic/research program 102571 (32.7) 157612 (35.1)

Integrated network cancer 62365 (19.9) 84688 (18.8)

program

Income, $*: <0.001
40227 65008 (20.7) 84347 (18.8)
40227-50353 70859 (22.6) 93555 (20.8)
50354-63332 69339 (22.1) 92651 (20.6)

»63332 90010 (28.7) 122358 (27.2)
Unknown 18891 (6.0) 56 456 (12.6)

Education, %t: 0.001
>17.6 66981 (21.3) 87553 (19.5)
10.9-17.5 85019 (27.1) 113693 (25.3)
6.3-10.8 82748 (26.3) 110758 (24.6)

6.3 61093 (19.4) 81707 (18.2)
Unknown 18266 (5.8) 55656 (12.4)

Rurality: <0.001

Metropolitan 249257 (79.4) 357961 (79.7)
Urban 49388 (15.7) 70221 (15.6)
Rural 6934 (2.2) 9377 (2.1)

Unknown 8528 (2.7) 11808 (2.6)

Median (interquartile range) Great Circle 9.9 (4.3-23.8) 10.9 (4.7-25.7)  <0.001

Distance#

Facility location: <0.001
New England 19486 (6.2) 28359 (6.3)

Middle Atlantic 48927 (15.6) 69982 (15.6)

South Atlantic 73394 (23.4) 101291 (22.5)
East North Central 59467 (18.9) 83647 (18.6)

East South Central 28026 (8.9) 39982 (8.9)

West North Central 25298 (8.1) 35228 (7.8)

West South Central 21081 (6.7) 32335 (7.2)

Mountain 10315 (3.3) 15079 (3.4)

Pacific 28113 (9.0) 43464 (9.7)

Clinical stage group: <0.001

86609 (27.6)

144744 (32.2)

27 405 (8.7)

38538 (8.6)

63004 (20.1)

85029 (18.9)

%

137089 (43.6)

181056 (40.3)

higher compared with the previous year. The increase
in the odds per year of a patient being diagnosed as
having one lung cancer stage lower from 2014 to 2018
was 6.2% (multivariable adjusted odds ratio 1.062,
1.048 to 1.077; P<0.001) higher than the increase
in the odds per year of a patient being diagnosed as
having one stage lower from 2010 to 2013. Sensitivity
analyses varying the year of the introduction of
lung cancer screening confirmed that the inflection
point corresponding to an accelerated shift toward
earlier stages of disease identified occurred in 2014
(supplementary figure B).

Changes in diagnosis of indolent lung cancers from
2010to 2018

We did an analysis of patients diagnosed as having
stage I NSCLC between 2010 and 2018 by histologic
subtype. From 2010 to 2018, the percentage of
“indolent” histologies diagnosed decreased or did not
change (supplementary table C). Furthermore, in an
analysis of only patients found to have non-indolent
histologic subtypes, an inflection point was identified
corresponding to an accelerated increase in the rate
of stage I disease diagnosed in 2013 (2012 to 2015)
(supplementary figure C).

Changes in percentage of patients with unknown
staging information from 2010 to 2018

The percentage of patients in our cohort with unknown
staging information decreased from 12.2% in 2010 to
9.1%in 2018 (supplementary figure D). Compared with
patients with stage I disease, patients with unknown
staging information were less likely to have surgery
(40% v 72%; P<0.001) and had significantly worse
five year all cause survival (34.1% (95% confidence
interval 33.8% to 34.5%) v 59.5% (59.3% to 59.7%);
log-rank P<0.001). We did a sensitivity analysis of the
year-to-year percentages of stage I disease identified
from 2010 to 2018 in which we included patients
with known staging information and patients with
unknown staging information. Patients with unknown
staging information were categorized as having
disease more advanced than stage I NSCLC (on basis
of treatment and survival data reported above). In this
sensitivity analysis, an inflection point corresponding
to an accelerated increase in the rate of stage I disease
diagnosed was identified in 2012 (2012 to 2015)
(supplementary figure E).

Lung cancer stage shift among people potentially
eligible versus ineligible for screening

We compared the vyear-to-year changes in the
percentage of stage I NSCLC diagnosed from 2010
to 2018 among patients aged 45-54 (ineligible for
screening) with those among patients aged 55-64
(potentially eligible for screening and ineligible for
Medicare) and aged 65-80 (potentially eligible for
screening and eligible for Medicare). From 2010 to
2013, the rate of stage I disease identified among
patients aged 45-54 increased gradually while it was
relatively constant among patients aged 55-64 and
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Table 1 | Continued

2010-13 2014-18
Characteristics (n=314107) (n=449367) P value
Histology: <0.001
Adenocarcinoma 153268 (48.8) 245321 (54.6)
Squamous cell carcinoma 88400 (28.1) 126441 (28.1)
Large cell carcinoma 7076 (2.3) 7400 (1.6)
Adenosquamous cell carcinoma 5071 (1.6) 6402 (1.4)
Carcinoid tumor 11211 (3.6) 17563 (3.9)
Tumors formerly classified as 13558 (4.3) 14755 (3.3)
bronchioloalveolar carcinoma
Other 35523 (11.3) 31485 (7.0)
Grade: <0.001
Well differentiated 22152 (7.1) 32382 (7.2)
Moderately differentiated 68082 (21.7) 96642 (21.5)
Poorly differentiated 93241 (29.7) 110963 (24.7)
Undifferentiated 3946 (1.3) 3881 (0.9)
Unknown 126 686 (40.3) 205499 (45.7)
Year of diagnosis: <0.001
2010 75329 (24.0) 0 (0)
2011 76713 (24.4) 0(0)
2012 79157 (25.2) 0 (0)
2013 82908 (26.4) 0(0)
2014 0(0) 86650 (19.3)
2015 0 (0) 89239 (19.9)
2016 0(0) 92081 (20.5)
2017 0(0) 94928 (21.1)
2018 0 (0) 86469 (19.2)

*Average household income of zip code where patient lives. $1=£0.75 or €0.92.
tProportion of adults aged =25 in patient’s zip code who did not graduate from high school.
$Distance between patient’s residence (based on zip code or city centroid) and hospital at which patient received

diagnosis and/or was treated.

increased slightly among patients aged 65-80 (fig 1).
By contrast, inflection points were identified in 2013
(2012t02015)and 2014 (2012 to 2016) corresponding
to accelerated increases in the percentage of stage I
disease diagnosed among patients aged 55-64 and
65-80, respectively; no joinpoint corresponding to
an accelerated increase in the rate of stage I disease
diagnosed was identified among patients aged 45-54
from 2010 to 2018.

We also did a stratified interaction test with the
introduction of lung cancer screening included as
a time varying covariate among patients who were
potentially eligible for screening (age 55-80) and
patients who were ineligible for screening (age 45-54).
Among patients who were ineligible for lung cancer
screening, the increase in the odds of having one lung
cancer stage lower at diagnosis per year from 2014
to 2018 was not significantly greater compared with
the increase in the odds of having one lung cancer
stage lower at diagnosis per year from 2010 to 2013
(adjusted odds ratio 1.024, 0.995 to 1.054; P=0.11),
whereas it was significant among patients potentially
eligible for screening (1.062, 1.048 to 1.077; P<0.001).
The test for the interaction showed that the association
of the introduction of lung cancer screening with shifts
toward earlier stages of disease identified was greater
among patients potentially eligible for screening than
among patients ineligible for screening (odds ratio
1.000042, 1.000025 to 1.000058; P<0.001).

In addition, we did a stratified interaction test with
the introduction of lung cancer screening included as
a time varying covariate among patients potentially
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eligible for screening and ineligible for Medicare (ages
55-64) and patients potentially eligible for screening
and eligible for Medicare (ages 65-80). Among both
age groups, the increase in the odds of having one lung
cancer stage lower at diagnosis per year from 2014
to 2018 was significantly greater compared with the
increase in the odds of having one lung cancer stage
lower at diagnosis per year from 2010 to 2013. The test
for the interaction was not significant (adjusted odds
ratio 1.000002, 0.9999903 to 1.000014; P=0.71).

Rates of increase in survival of patients with lung
cancer since December 2013

Between 2010 and 2013, the median all cause survival
of patients aged 55-80 diagnosed as having NSCLC
increased from 16 months in 2010 to 18.3 months in
2013 (annual per cent change 4.1%, —0.3% to 8.9%;
P=0.06) (fig 2). A joinpoint was identified in 2013
(2012t02015). From 2014 to 2018, the rate of increase
in the median all cause survival of patients aged 55-
80 diagnosed as having NSCLC nearly tripled (annual
per cent change 11.9%, 8.9% to 15.0%; P=0.001). By
2018, the median all cause survival was 28.2 (95%
confidence interval 27.7 to 28.6) months.

In multivariable adjusted analysis, the hazard
of death decreased significantly faster after 2014
than before 2014 (multivariable adjusted hazards
ratio 0.963, 0.954 to 0.972; P<0.001). We estimate
that improvements in survival due to a shift toward
earlier stages of disease identified from 2014 to 2018
translates into an estimated 10100 deaths averted
(supplementary figure F).

Percentage of stage | disease identified and survival
of patients with lung cancer in high screening
states versus low screening states

We compared the rate of stage I disease identified
per year from 2010 to 2018 among patients living in
high screening states and low screening states. The
year-to-year percentages of stage I disease identified
did not significantly change among patients living in
high screening states from 2010 to 2013 (annual per
cent change 0.9%, -1.9% to 3.8%; P=0.41) or among
patients living in low screening states from 2010 to
2012 (1.0%, —2.0% to 4.1%; P=0.40) (fig 3, top panel).
However, from 2014 to 2018, the percentage of stage
I disease identified in high screening states increased
significantly faster compared with low screening states
(annual per cent change 5.4% (4.1% to 6.7%) versus
3.7% (3.2% to 4.2%))).

From 2010 to 2014, the median all cause survival
of patients living in high screening states did not
change (annual per cent change 2.2%, -4.7% to
9.7%; P=0.39) (fig 3, bottom panel). A a joinpoint
was identified in 2014 (2012 to 2015). From 2015 to
2017, the median all cause survival of patients living
in high screening states accelerated (annual per cent
change 13.4%, 1.4% to 26.9%; P=0.04). By contrast,
no inflection point was identified corresponding to an
accelerated increase in the median all cause survival of
patients living in low screening states.
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Fig 1 | Trends in percentage of patients aged 55-80 and aged 45-54, 55-64, and 65-80 in National Cancer Database with stage | non-small cell lung
cancer at diagnosis from 2010 to 2018. Each consecutive annual interval is represented as a point value. Vertical dotted line represents date when
United States Preventive Services Task Force (USPSTF) first recommended low dose computed tomography (LDCT) lung cancer screening. Annual
percentage changes: 55-80 (2010-13): 1.9%, P=0.06; 55-80 (2013-18): 3.9%, P<0.001; 45-54 (2010-18): 3.4%, P<0.001; 55-64 (2010-13): 1.3%,
P=0.30; 55-64 (2013-18): 4.9%, P=0.001; 65-80 (2010-14): 2.3%, P=0.001; 65-80 (2014-18): 3.8%, P<0.001. “Raw” denotes actual percentage of
patients with stage | disease at diagnosis each year. “Model” denotes results of joinpoint regression modeling. An interactive version of this graphic
is available at https://public.flourish.studio/visualisation/8864567/

Disparities in stage of lung cancer identified among
certain patient populations

Figure 4 shows the percentage of cases of NSCLC
diagnosed at stage I and at stage IV by patient’s race
and ethnicity, by median income of the patient’s
area of residence, and by percentage of people with
no high school education living in the patient’s area
of residence in 2010 versus 2018. In 2010, stage IV
disease was the predominant stage diagnosed among
patients of all races and ethnicities who were aged
55-80. However, in 2018, for the first time, more
non-Hispanic white patients had stage I disease than
stage IV disease at diagnosis (36.9% v 36.2%). In
comparison, stage IV disease continued to be the
predominant stage diagnosed among non-white
patients in 2018. Furthermore, in 2018, stage I had
become the predominant diagnosis among patients
with NSCLC aged 55-80 living in the highest income
and best educated regions. Patients who lived in lower
income or less educated regions remained more likely
to have stage IV disease at diagnosis in 2018.

Incidence of early stage NSCLC diagnosed among
people aged 55-79

From 2010 to 2013, the number of cases of stage I
NSCLC diagnosed in the US among people aged 55-79
increased slightly (annual per cent change 3.4%, 0.5%
to 6.3%; P=0.03) (fig 5). A joinpoint was identified in
2013 (2012 to 2015). From 2014 to 2018, the number
of cases of stage I NSCLC diagnosed increased by 7.4%
(6.3% to 8.6; P<0.001) each year. By contrast, the
number of cases of stage IV NSCLC diagnosed increased
slightly between 2010 and 2016 (annual per cent
change 1.8%, 0.7% to 2.8%; P=0.01). A joinpoint was
identified in 2016 (2014 to 2016). Between 2017 and
2018, the number of cases of stage IV NSCLC diagnosed
among people aged 55-79 in the US began to decrease,
although this decrease was not significant (annual per
cent change —4.4%, —10.1% to 1.7%; P=0.11).

Discussion
In this national analysis, we found that the percentage

of stage I NSCLC diagnosed among patients potentially
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Fig 2 | Trends in median all cause survival of patients aged 55-80 in National Cancer Database diagnosed as having stage I-IV non-small cell lung
cancer from 2010 to 2018. Each consecutive annual interval is represented as a point value. Vertical dotted line represents date when United States
Preventive Services Task Force (USPSTF) first recommended low dose computed tomography (LDCT) lung cancer screening. Annual percentage
changes: 55-80 (2010-13): 4.1%, P=0.06; 55-80 (2013-17): 11.9%, P=0.001. “Raw” denotes actual median all cause survival of patients each
year. “Model” denotes results of joinpoint regression modeling. An interactive version of this graphic is available at https://public.flourish.studio/

visualisation/8876375/

thelbmj | BMJ 2022;376:e069008

eligible for screening has increased significantly year
over year starting in 2014, shortly after the USPSTF
first recommended screening in December 2013.
Median all cause survival of patients with NSCLC who
were potentially eligible for screening also increased
significantly starting in 2014. The annual rate of
increase in the percentage of stage I disease identified
and the median all cause survival of patients diagnosed
as having NSCLC increased significantly faster from
2014 to 2018 among patients living in high screening
states compared with those living in low screening
states. We found disparities in the stage of lung cancer
at diagnosis among subgroups of patients. Patients
who were non-Hispanic white and patients living in
better educated and higher income areas were more
likely to have stage I disease than stage IV disease at
diagnosis. Increases in the diagnosis of early stage
disease in the US led to an estimated 10100 averted
deaths due to earlier detection of NSCLC from 2014 to
2018.

Possible explanations for findings

Although we found a clear shift to stage I NSCLC
identified among patients aged 55-80 in our cohort
from 2014 to 2018, corresponding to the advent of low
dose computed tomography screening in the US, we
assessed whether other reasons could have explained
the observed stage shift. Firstly, we evaluated whether

| doi: 10.1136/bmj-2021-069008

the observed lung cancer stage shift in the US from
2010 to 2018 was accompanied by a more frequent
detection of lung tumors of “indolent” histologic
subtypes (for example, typical carcinoid and subtypes
formerly classified as bronchioloalveolar carcinoma).
One concern associated with lung cancer screening
is the risk of detecting indolent disease that may
never clinically manifest. However, we found that
the accelerated increase in the percentage of stage I
NSCLC identified (as opposed to other stages), which
started in 2014, was not accompanied by an increase
in the percentage of indolent lung cancers diagnosed.
Furthermore, in a sensitivity analysis excluding
indolent histologic subtypes, an inflection point was
still identified corresponding to an accelerated increase
in the rate of stage I disease diagnosed. These findings
suggest that overdiagnosis of lung cancer likely did not
contribute significantly to the accelerated increase in
the rate of stage I disease identified beginning in 2014.

Secondly, we examined whether decreases in the
percentage of patients with unknown staging data
could have contributed to increases in the rate of stage
I disease diagnosed from 2010 to 2018. We found that
the percentage of patients with unknown staging data
decreased from 2010 to 2018. However, patients in our
cohort with unknown staging data were significantly
less likely to have surgery and had significantly worse
five year all cause survival than patients with stage I
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Fig 3 | Trends from 2010 to 2018 in percentage of stage | non-small cell lung cancer diagnosed (top) and in median all cause survival (bottom) among
patients aged 55-79 in Surveillance Epidemiology End Results Program database living in high screening (US states where lung cancer screening
rate is above national average lung cancer screening rate in 2018) and low screening (US states where lung cancer screening rate is below national
average lung cancer screening rate in 2018) states. Each consecutive annual interval is represented as a point value. Vertical dotted line represents
date when United States Preventive Services Task Force (USPSTF) first recommended low dose computed tomography (LDCT) lung cancer screening.
Annual percentage changes were as follows. Low screen, percentage diagnosed 2010-12: 1.0%, P=0.40; 2012-18: 3.7%, P<0.001. High screen,
percentage diagnosed 2010-13: 0.9%, P=0.41; 2013-18: 5.4%, P<0.001. Low screen, median survival 2010-17: 5.9%, P<0.001. High screen, median
survival 2010-14: 2.2%, P=0.39; 2014-17: 13.4%, P=0.04. “Raw” denotes actual percentage of patients with stage | disease at diagnosis and
median all cause survival of patients each year. “Model” denotes results of joinpoint regression modeling. An interactive version of this graphic is
available at https://public.flourish.studio/visualisation/8876566/
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Fig 4 | Percentage of cases of non-small cell lung cancer (NSCLC) diagnosed in National Cancer Database at stage | and stage IV in 2010 versus 2018
by patient’s race/ethnicity, median income of people living in patient’s area of residence, and percentage of people with no high school education
living in patient’s area of residence (see supplementary methods for details). Purple bars represent percentage of NSCLC cases diagnosed at stage I.
Yellow bars represent percentage of NSCLC cases diagnosed at stage IV. Median income is grouped into low income (¢<$40227), middle-low income
($40227-50353), middle-high income ($50354-63 332), and high income (>$63 332). Percentage of people with no high school education living in
patient’s area of residence is grouped into low education (217.6%), middle-low education (10.9-17.5%), middle-high education (6.3-10.8%), and
high education (<6.3%). An interactive version of this graphic is available at https://public.flourish.studio/visualisation/8877224/
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Fig 5 | Trends in number of lung cancer cases diagnosed in US among people aged 55-79 from 2010 to 2018 by stage group. Incident lung cancer
cases in Surveillance Epidemiology End Results (SEER) Program database were multiplied by 3.57 to obtain total number of lung cancers diagnosed
among people aged 55-79 in US by stage group. This estimate assumes that 28% sample of US population included in SEER Program database is
unbiased and representative. Each consecutive annual interval is represented as a point value. Vertical dotted line represents date when United
States Preventive Services Task Force (USPSTF) first recommended low dose computed tomography (LDCT) lung cancer screening. Annual percentage
changes: stage 1 (2010-13): 3.4%, P=0.03; stage 1 (2013-18): 7.4%, P<0.001; stage 2 (2010-18): 3.6%, P=0.009; stage 3 (2010-15): 0.4%, P=0.65;
stage 3 (2015-18): —-6.6%, P=0.03; stage 4 (2010-16): 1.8%, P=0.01; stage 4 (2016-18): —4.4%, P=0.11. “Raw” denotes actual number of lung
cancers by stage group diagnosed each year. “Model” denotes results of joinpoint regression modeling. An interactive version of this graphic is
available at https://public.flourish.studio/visualisation/8876872/
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disease at diagnosis, suggesting that these patients
likely had more advanced stages of disease.

Thirdly, we evaluated whether an inflection point
existed corresponding to an acceleration in the
percentage of stage I disease identified among patients
aged 45-54 (who were ineligible for screening) from
2014 to 2018. Over the past two decades, the use
of computed tomography coronary angiography
and chest imaging has been increasing in hospital
settings.'* ° Previous studies have shown that this
increase in diagnostic imaging has been accompanied
by a growing number of incidental pulmonary
nodules identified.® ® The increased detection of
incidental pulmonary nodules may have affected
the rate of diagnosis of early stage lung cancer. If
increased detection of incidental pulmonary nodules
were responsible for an accelerated increase in the
percentage of stage I disease identified among patients
aged 55-80 in our cohort, we would expect to find a
similar inflection point in 2014 among patients aged
45-54 (who were ineligible for screening). However,
when we compared changes in the percentage of
stage I NSCLC identified from 2010 to 2018 between
patients aged 55-64 and 65-80 and those aged 45-

54, we did not observe an accelerated increase in the
percentage of stage I disease identified among patients
aged 45-54 whereas we identified inflection points
among patients aged 55-64 and 65-80 (age groups
that match the USPSTF screening criteria). Although
we recognize that patients aged 45-54 are less likely
to have comorbid disease and therefore may undergo
diagnostic imaging less frequently than older patients,
we would still expect to observe an inflection point
among patients aged 45-54 if an increasing use of
non-screening diagnostic imaging was driving the
accelerated increase in the percentage of stage I
disease identified. Therefore, an increase in the use
of non-screening related diagnostic imaging alone is
unlikely to have resulted in the sharp increase in the
percentage of stage I disease identified among patients
aged 55-80 in the US from 2014 to 2018.

The rate of diagnosis of stage I disease increased
from 2010 to 2013, before low dose computed
tomography screening was first recommended by
the USPSTF. Although we cannot be certain why
this increase occurred, it may be partially explained
by some efforts that were underway before 2013 to
increase early detection of lung cancer through the
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more regular use of low dose computed tomography
or chest radiography.'’ An increasing use of non-
screening diagnostic imaging in hospital settings and
changes in the population at risk over time may also
have contributed to increases in the rate of stage I
disease identified from 2010 to 2013.1*** '8 However, it
is unlikely that any one of these possible explanations
would result in an inflection point identified in 2013
corresponding to an accelerated increase in the rate of
stage I disease diagnosed from 2014 to 2018.

Fourthly, we considered the possibility that
concomitant policy changes during the study period
could affect the year-to-year changes in the rate of stage
I disease identified. For example, major provisions
of the Affordable Care Act were implemented in
the US in January 2014, resulting in millions of
previously uninsured Americans gaining access to
health insurance.'® Large increases in the number of
Americans with health insurance could contribute to
a shift toward earlier stages of disease identified as a
result of improved access to medical care. However,
implementation of the Affordable Care Act would likely
have had minimal effects on Americans over age 65,
given thatthelarge majority of these people were already
insured by Medicare. If the adoption of provisions of
the Affordable Care Act drove the accelerated increase
in the rate of stage I disease identified beginning in
2014, we would not have expected to see an inflection
point corresponding to an accelerated rate of increase
of stage I disease diagnosed among patients aged
65-80 (who were likely unaffected by the provisions
implemented by the Affordable Care Act in 2014).
However, we still identified an inflection point among
this age group, suggesting that the implementation of
major provisions of the Affordable Care Act does not
fully explain the accelerated rate of increase of stage I
disease identified beginning in 2014.

Fifthly, we evaluated whether the year-to-year
changes in the percentage of stage I disease identified
differed between high screening states and low
screening states. If the accelerated increase in the rate
of stage I disease identified was explained by factors
other than the start of screening in the US, we would
expect to identify similar increases in the rate of stage
I disease diagnosed among people living in US states
reporting lung cancer screening rates above and
below the national average screening rate. However,
we found that the rate of stage I disease identified
increased significantly faster from 2014 to 2018
among high screening states than among low screening
states. Taken together, these findings suggest that
the accelerated increase in the rate of stage I disease
identified is likely explained by the start of lung cancer
screening in the US.

In addition, we found that the annual per cent
increase in the median survival of patients with lung
cancer aged 55-80 in the study cohort tripled from
2014 to 2018 compared with 2010 to 2013. This
is likely due to the increasing incidence of stage I
disease diagnosed and decreasing incidence of stage
III disease and relatively stable incidence of stage IV

thelbmj | BMJ2022;376:e069008 | doi: 10.1136/bmj-2021-069008
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disease diagnosed (a slight increase (from 2014 to
2016) and decrease (from 2017 to 2018) occurred
in the incidence of stage IV disease). Of note, two
previous studies using the SEER Program database
have reported that recent increases in the incidence of
stage I NSCLC diagnosed contributed to improvements
in lung cancer survival.”® 2! These studies similarly
suggested that these trends may be explained, in part,
by increases in the early detection of lung cancer
through screening. Our analysis differed from these
studies in that we focused on evaluating patients aged
55-80 (patients potentially eligible for screening on
the basis of age) and we used the NCDB to evaluate
whether the rate of increase in stage I disease was
significantly greater after the USPSTF recommended
screening than it was before.

Our findings also highlight disparities between
certain patient populations in the stage of NSCLC
identified. In 2018, for the first time ever, stage
I disease was the predominant stage of NSCLC
identified among non-Hispanic white patients. By
contrast, stage IV disease remained the predominant
stage of NSCLC diagnosed among non-white patients
in 2018. Furthermore, by 2018 stage I was the
predominant stage of NSCLC diagnosed among
patients who lived in the highest income and best
educated regions, whereas patients living in lower
income and less educated regions continued to be
predominantly diagnosed as having stage IV NSCLC.
These differences likely reflect disparities in access to
screening between certain populations in addition to
the poor adoption of low dose computed tomography
screening in community settings. Although lung
cancer screening is recommended for people meeting
requisite age and smoking history criteria, many
challenges that prevent the widespread adoption of
screening in the US remain. These challenges, which
can include the cost of screening for people who are
underinsured or uninsured,®? limited access to lung
cancer screening centers,”> and low awareness of
lung cancer screening,®* disproportionately affect
certain communities, including rural communities,
lower income communities, and less educated
communities.”* ** Furthermore, previous studies
have shown that the USPSTF lung cancer screening
guidelines preclude screening of many women and
racial minorities at high risk,® %’ given their lower
pack year smoking history and earlier age at diagnosis
of lung cancer compared with white men diagnosed
as having lung cancer. Differences in the percentage
of people at high risk meeting screening eligibility
criteria among certain populations and the inability to
support lung cancer screening programs in community
settings may contribute to widening disparities in
the early diagnosis and survival of patients with lung
cancer in the near future if efforts to increase eligibility
for screening and to increase adoption of screening are
neglected.

The disparities reported in this study likely also
reflect broader structural inequalities whereby many
patients lack access to high quality healthcare.”®*® The

1
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covid-19 pandemic has likely further exacerbated these
disparities in the screening for and early detection
of lung cancer.>® As we recover from the pandemic,
coordinated awareness and advocacy efforts must
spur investment at the national, state, and local levels
to implement robust community based screening
programs. Importantly, the 2021 USPSTF lung
cancer screening guidelines are estimated to increase
eligibility for an additional 6.5 million Americans
at high risk, with the greatest increases in eligibility
occurring among women and racial minorities.*!
This increase in eligibility presents an opportunity
to engage communities that have historically been
burdened with the highest rates of lung cancer
incidence and mortality and to eliminate disparities in
the early detection of lung cancer.

The findings of this study show the impact of lung
cancer screening in the US on population level lung
cancer stage shifts and survival. However, given the
low adoption of screening previously reported,*’ 32 33
considering whether low adoption of screening could
result in a meaningful stage shift and improvement in
survival is important. Previous studies have estimated
that between 3.9% and 4.5% of eligible people
underwent screening in 2015.7 3233 If 3.9-4.5% of
the 8.0 million eligible people in the US underwent
screening each year from 2014 to 2018,>* an estimated
312000-360000 people would have undergone
screening each year. If 1% of these people were then
diagnosed as having lung cancer, of which 60% were
diagnosed at stage I (based on estimates from NLST and
NELSON trials® %), approximately 1600-2160 people
would be diagnosed as having stage I disease that was
screen detected each year. This increase in the number
of NSCLCs detected at stage I would result in a 0.49-
0.66% absolute increase in the percentage of stage I
disease identified per year, which would translate into
a 1.6-2.2% annual percentage increase in the rate of
stage I disease identified each year. These percentage
estimates, which are theoretically calculated, are
within the range of what we observed in our study
results. Although other factors may be contributing,
the findings of our study suggest that the accelerated
increase in the percentage of stage I disease identified
beginning in 2014 is likely explained by the start of
low dose computed tomography screening in the US.

Limitations of study

This study has several limitations. Firstly, the NCDB
and the SEER Program database do not include data
on whether cancers were detected incidentally or via
low dose computed tomography screening. Therefore,
we cannot be certain that the accelerated increase
in the rate of stage I disease identified beginning in
2014 is a result of the introduction of lung cancer
screening in the US. However, we did several analyses
to try to exclude the possibility that increases in the
rate of stage I disease diagnosed could be explained
by factors other than the introduction of lung cancer
screening. Secondly, the NCDB and SEER Program
database do not include data on patients’ smoking
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history. Therefore, we were able to evaluate only
patients potentially eligible for screening on the basis
of age. Thirdly, given that this is an observational
pre-intervention and post-intervention study, the
possibility of confounding exists. However, we tried to
reduce the possibility of confounding through the use
of multivariable modeling. Fourthly, although patients
diagnosed as having lung cancer that was not detected
by screening would be the optimal control group,
these data were not available and we used patients
aged 45-54 who were ineligible for lung cancer
screening as a control group instead. However, using
patients ages 45-54 as a control group has limitations,
given that they have a lower risk of lung cancer and
likely have different risk factors for lung cancer
compared with older people. Fifthly, in our analysis
of low screening states and high screening states, the
differences in the screening rate between certain states
were small. Sixthly, we obtained the estimates of the
number of cases of lung cancer diagnosed in the US
by multiplying data from the SEER Program database
by 3.57. Additionally, we obtained the estimate of
the number of deaths averted due to a shift toward
earlier stages identified by multiplying data from the
NCDB by 1.54. A limitation of these estimations is that
they assume that the samples in the SEER Program
database and NCDB are unbiased and representative,
which we cannot be certain is true.

Conclusions and policy implications

Although the adoption of lung cancer screening has
been slow and screening rates have remained low
nationally,”® the findings of this study indicate the
beneficial effect that even a small amount of screening
can have on lung cancer stage shifts and survival at the
population level. Furthermore, these findings suggest
that the widespread adoption of low dose computed
tomography screening should be considered an
important strategy for reducing mortality from lung
cancer in the US. Efforts to increase utilization of
screening should be prioritized to ensure equitable
access to screening and to reduce disparities in the
stage of lung cancer diagnosed and in survival among
different patient populations with lung cancer.
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