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ABSTRACT

Introduction: Detailed evaluations of racial and ethnic
trends and disparities in NSCLC outcomes are lacking, and it
remains unclear whether recent advances in screening and
targeted therapies for NSCLC have benefited all population
groups equally.

Methods: Using the Surveillance, Epidemiology, and End
Results 18-registry data, we evaluated trends in overall and
stage-specific NSCLC incidence (2007–2018) among pa-
tients aged 55 to 79 years by sex and race and ethnicity.
Overall and stage-specific 2-year cause-specific survival
rates were calculated by sex and race and ethnicity. Health
Disparities software calculated absolute (difference) and
relative (ratio) disparity measures comparing racial and
ethnic groups with the highest and lowest rates (range
measures) and comparing white patients (reference group)
with other groups (pairwise rate measures). Joinpoint
software assessed changes in rates and disparities.

Results: Both men and women experienced substantial
declines in NSCLC incidence from 2007 to 2018, largely due
to significant declines in the incidence of distant-stage
NSCLC over the study period (p < 0.05). During the same
time period, the incidence of local-stage NSCLC significantly
increased among black and Hispanic women (p < 0.05) and
remained stable among all other groups. Overall, 2-year
cause-specific survival rates improved across most racial
and ethnic groups, especially among those diagnosed in
regional and distant stages. For both sexes, absolute dis-
parities in overall and stage-specific incidence of NSCLC
significantly decreased over time (p < 0.05), whereas
relative disparities remained unchanged. Pairwise compar-
ison revealed persistent disparities in NSCLC burden be-
tween black and white men.

Conclusion: We found evidence of narrowing racial and
ethnic disparities in NSCLC incidence over time; however,
important disparities persist. More work is needed to
ensure consistent and equitable access to high-quality
screening, diagnosis, and treatment to reduce and elimi-
nate cancer disparities.

� 2022 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction
Mortality from the most common lung cancer, NSCLC,

has fallen sharply in the United States in recent years.1,2

Despite nationwide declines in the past decade, certain
population groups continue to suffer disproportionately
from the disease.1,2 For example, black men experience
higher lung cancer incidence and mortality rates than
white counterparts.3 Furthermore, people of color have
been found to develop cancer at earlier ages than white
individuals and are more likely to present with
advanced-stage disease at diagnosis.3,4
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Because stage at diagnosis is an important determi-
nant of survival, improvements in lung cancer screening
and early detection have the potential to reduce dis-
parities in lung cancer outcomes.

In 2011, the National Lung Screening Trial found a
20% reduction in lung cancer mortality with low-dose
computed tomography (LDCT) screening in high-risk
individuals.5 More recently, the Dutch-Belgian Random-
ized Lung Cancer Screening Trial (NELSON) confirmed
the benefits of LDCT screening for lung cancer in high-
risk individuals, revealing a 24% reduction in mortality
in men and a 33% reduction in women in a 10-year
period.6 In 2013, the U.S. Preventive Services Task
Force (USPSTF) recommended annual screening for lung
cancer with LDCT among eligible adults.7 Although LDCT
screening has been covered by private insurers and
Medicare since 2015, Medicaid coverage of LDCT is
determined at the state level and Medicaid programs are
one of the only insurers that are not required to cover
lung cancer screening.8,9 This lack of uniform coverage
for Medicaid recipients leaves a vulnerable segment of
the population without equitable access to lung cancer
screening opportunities. Treatment of NSCLC has also
changed in the past decade with the identification of
specific driver mutations and the development of
molecularly targeted therapies and immunotherapies for
NSCLC. Given that people of color are more likely to be
uninsured and are more likely to be socioeconomically
disadvantaged than white counterparts, there is concern
that advances in screening and treatment of NSCLC could
exacerbate existing disparities among vulnerable pop-
ulations with limited access to care. Despite these con-
cerns, detailed evaluations of racial and ethnic trends
and disparities in NSCLC outcomes are lacking, and it
remains unclear whether advances in screening and
targeted therapies for NSCLC have benefited all popula-
tion groups equally. Furthermore, existing studies of
NSCLC trends do not include data past 20162,10 and may
not fully capture the additional benefit of recent ad-
vances in screening, improvements in targeted treatment
for NSCLC, and expanded insurance coverage of these
services. We sought to evaluate racial and ethnic trends
and disparities in NSCLC incidence and survival by stage
at diagnosis during a time period in which new early
detection screening and treatment options have become
available.
Materials and Methods
Data Source

Patients aged 55 to 79 years diagnosed with having
NSCLC from 2007 to 2018 were identified from the
Surveillance, Epidemiology, and End Results (SEER) 18-
registry database, which covers approximately 28% of
the U.S. population.11 Cases were identified using Inter-
national Classification of Diseases for Oncology, Third
Edition morphology codes (Supplementary Table 1). The
SEER data contain no identifiers and are publicly avail-
able for studies of cancer-based epidemiology and sur-
vival analysis. Therefore, the current study was deemed
to be exempt from institutional review board approval,
and the need for informed consent was waived.

We report trends in NSCLC incidence and 2-year
cause-specific survival (CSS) rates by sex and race and
ethnicity. We also report stage-specific incidence and 2-
year CSS rates on the basis of SEER’s Summary Stage
variable (localized, regional, distant, or unknown).12

Two-year CSS rates were derived from SEER’s cause-
specific death classification.

Patient race and ethnicity were defined according to
SEER’s Race and Origin variable and categorized into the
following five mutually exclusive groups: American In-
dian or Alaskan Native (AIAN), Asian or Pacific Islander
(API), black, Hispanic, and white. Patients with missing
or unknown race and ethnicity information were
excluded from the analysis (N ¼ 725). We were unable
to fully evaluate stage-specific incidence and survival
trends among AIAN men and women owing to small
numbers.
Statistical Analysis
We used SEER*stat11 to calculate age-adjusted inci-

dence and stage-specific incidence rates by sex, race and
ethnicity, and calendar year (2007–2018). Overall and
stage-specific 2-year CSS rates by sex, race and ethnicity,
and year (2007–2016) were also calculated.

We used SEER Health Disparities (HD*Calc) to
calculate absolute (difference) and relative (ratio)
disparity measures.13,14 Specifically, we used range dif-
ference as a summary measure of absolute disparity,
defined as the difference between highest and lowest
values for each outcome regardless of which specific
groups are being compared. If no disparity exists, the
range difference will be 0. Similarly, we used range ratio
as a summary measure of relative disparity, derived
from the highest divided by the lowest rate at each time
point. If no disparity exists, the range ratio has a value of
1. Joinpoint analyses were used to evaluate trends in
summary measures of absolute and relative disparities
(i.e., range difference and range ratio).14 To identify
which specific race and ethnic groups differ, we used
rate difference and rate ratio to explore pairwise com-
parisons of incidence and 2-year CSS rates between the
non-Hispanic whites (reference group) compared with
the other racial and ethnic groups.

Joinpoint software was used to evaluate changes in
trends over time.15 We calculated average annual
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percent change (AAPC) to summarize trends over time.16

A positive AAPC indicates an increasing trend, whereas a
negative AAPC indicates a declining one. The AAPC is
considered statistically significant when its value differs
from 0 at a level 0.05.

Results
The SEER18 database identified 325,138 patients

diagnosed with having NSCLC from 2007 to 2018
(Table 1). Of these, 75.2% were white, 12.1% black,
6.3% API, 5.8% Hispanic, and 0.5% AIAN. Most of the
cases were of male sex (53.6%), aged more than or equal
to 65 years (68.7%), with adenocarcinoma (54.0%), and
with distant-stage tumors (50.3%). Black patients had
the highest percentage of patients under age 65 years
(40.4%) and the lowest percentage of local-stage diag-
nosis (18.6%). API patients had the highest percentage
of distant-stage diagnosis (57.0%) and adenocarcinoma
histology (69.5%) relative to the other four racial and
ethnic groups.

Overall and Stage-Specific Incidence Rates
Among men, the incidence of NSCLC was highest

among black men, and this was consistent across all
stages (Fig. 1A–D). Among women, overall and local-stage
incidence of NSCLC was highest among white women,
whereas the incidence of regional- and distant-stage
NSCLC was highest among black women (Fig. 1F–H).

Among men, the overall incidence of NSCLC signifi-
cantly decreased over time across all racial and ethnic
groups, with Hispanic men experiencing the steepest
decline (AAPC ¼ �3.45, p < 0.001) (Table 2). When
stratified by stage, the incidence of local-stage disease in
men remained stable over time, whereas the incidence
of regional- and distant-stage NSCLC significantly
decreased over time among men of all races and eth-
nicities (p < 0.05 for all). Declines in the regional-stage
incidence were steepest among white men
(AAPC ¼ �3.93, p < 0.001), whereas black men
experienced the steepest declines in incidence of
distant-stage NSCLC (AAPC ¼ �4.42, p < 0.001). The
incidence of unknown-stage disease significantly
decreased among white (AAPC ¼ �4.79, p < 0.001)
and black (AAPC ¼ �4.25, p ¼ 0.005) men and
remained stable among Hispanic men (Supplementary
Table 2). We could not fully evaluate trends in inci-
dence of unknown-stage disease among AIAN and
API men owing to sparse data.

Among women, incidence of NSCLC from 2007 to
2018 significantly declined for white (AAPC �1.87, p <

0.001), Hispanic (AAPC ¼ �1.52, p ¼ 0.013), and black
(AAPC ¼ �1.49, p < 0.001) women but remained stable
among API or AIAN women (Table 2 and Fig. 1E). When
stratified by stage, the incidence of local-stage NSCLC
significantly increased among black (AAPC ¼ þ2.15, p ¼
0.002) and Hispanic (AAPC ¼ þ1.86, p ¼ 0.046) women
but remained stable among white and API women. In
contrast, the incidence of regional-stage NSCLC signifi-
cantly decreased over time for white (AAPC ¼ �2.77, p
< 0.001), Hispanic (AAPC¼ �2.76, p ¼ 0.049), and black
(AAPC ¼ �2.56, p ¼ 0.009) women but remained stable
among API women. The incidence of distant-stage NSCLC
also decreased over time for all groups and was steepest
among Hispanic (AAPC ¼ �2.77, p < 0.001) women,
followed by white (AAPC ¼ �2.67, p < 0.001), black
(AAPC ¼ �2.34, p < 0.001), and API (AAPC ¼ �0.94, p ¼
0.011) women. Incidence rates of unknown-stage NSCLC
significantly decreased over time among white
(AAPC ¼ �4.00, p ¼ 0.003) and black (AAPC ¼ �3.18,
p ¼ 0.026) women; however, we were unable to evaluate
trends in incidence of unknown-stage disease among
AIAN, API, and Hispanic women owing to sparse data
(Supplementary Table 2).
Overall and Stage-Specific 2-Year CSS Rates
Men had poorer 2-year CSS compared with women,

regardless of race and ethnicity or stage (Fig. 2A and E).
Specifically, 2-year CSS was generally highest among
Hispanic men and women and poorest among black men
and women, and this was consistent across all disease
stages (Fig. 2A–H).

Among men, 2-year CSS rates increased across all
race and ethnic groups except AIAN men, with black men
(AAPC ¼ þ4.07, p < 0.001) experiencing the greatest
improvement in 2-year CSS over time (Table 3 and
Fig. 2A). When stratified by stage, 2-year CSS increased
across all stages. Specifically, the largest increase in 2-
year CSS for local-stage NSCLC occurred among His-
panic men (AAPC ¼ þ2.74, p < 0.001), whereas 2-year
CSS for regional- and distant-stage NSCLC increased
most among black men (AAPC ¼ þ3.19, p < 0.001 and
AAPC ¼ þ7.31, p < 0.001, respectively). Changes in
regional- and distant-stage 2-year CSS rates were not
statistically significant for API and AIAN (respectively).
Two-year CSS among men with unknown-stage disease
remained generally stable over time; however, we were
unable to evaluate trends by race and ethnicity owing to
sparse data (Supplementary Table 3).

Among women, 2-year CSS rates increased across all
race and ethnic groups except AIAN women, with His-
panic women (AAPC ¼ þ3.00, p < 0.001) experiencing
the greatest increase in 2-year CSS over time (Table 3,
Fig. 2E). In stage-specific analyses, 2-year CSS rates for
local- and regional-stage NSCLC significantly increased
among white and black women (p < 0.05 for both) but
remained stable over time for API and Hispanic women.



Table 1. Characteristics of Patients Aged 55 to 79 Years Diagnosed With NSCLC From 2007 to 2018

Characteristic

Race and Ethnicity

TotalWhite Black
American Indian/
Alaskan Native

Asian/Pacific
Islander Hispanic

N (row %) 244,552 (75.2) 39,321 (12.1) 1693 (0.5) 20,623 (6.3) 18,949 (5.8) 325,138
Sex

Male 129,462 (52.9) 22,510 (57.3) 868 (51.3) 11,495 (55.7) 9991 (52.7) 174,326 (53.6)
Female 115,090 (47.1) 16,811 (42.8) 825 (48.7) 9128 (44.3) 8958 (47.3) 150,812 (46.4)

Age
55–59 29,733 (12.2) 7224 (18.4) 248 (14.7) 2721 (13.2) 2619 (13.8) 42,545 (13.1)
60–64 43,037 (17.6) 8669 (22.1) 374 (22.1) 3872 (18.8) 3381 (17.8) 59,333 (18.3)
65–69 57,251 (23.4) 9211 (23.4) 388 (22.9) 4664 (22.6) 4330 (22.9) 75,844 (23.3)
70–74 60,149 (24.6) 7883 (20.1) 382 (22.6) 4758 (23.1) 4492 (23.7) 77,664 (23.9)
75–79 54,382 (22.2) 6334 (16.1) 301 (17.8) 4608 (22.3) 4127 (21.8) 69,752 (21.5)

Diagnosis stage
Localized 59,846 (24.5) 7320 (18.6) 357 (21.1) 3938 (19.1) 3889 (20.5) 75,350 (23.2)
Regional 60,834 (24.9) 9400 (23.9) 426 (25.2) 4386 (21.4) 4189 (22.1) 79,235 (24.4)
Distant 118,826 (48.6) 21,771 (55.4) 861 (50.9) 11,725 (57.0) 10,247 (54.1) 163,430 (50.3)
Unknown 5046 (2.1) 830 (2.1) 49 (2.9) 574 (2.8) 623 (3.3) 7119 (2.2)

Histology
Adenocarcinoma 128,555 (52.6) 20,886 (53.1) 804 (47.5) 14,339 (69.5) 11,078 (58.5) 175,662 (54.0)
Squamous 71,404 (29.2) 11,395 (29.0) 570 (33.7) 3553 (17.2) 4347 (22.9) 91,269 (28.1)
Large cell 5354 (2.2) 954 (2.4) 29 (1.7) 295 (1.4) 308 (1.6) 6940 (2.1)
Non–small cell, NOS 24,533 (10.0) 4302 (10.9) 201 (11.9) 1630 (7.9) 1833 (9.7) 32,499 (10.0)
Other specified 14,706 (6.0) 1784 (4.5) 89 (5.3) 806 (3.9) 1383 (7.3) 18,768 (5.8)

Diagnosis year
2007 20,999 (8.6) 2947 (7.5) 105 (6.2) 1364 (6.6) 1356 (7.2) 26,771 (8.2)
2008 20,606 (8.4) 3080 (7.8) 135 (8.0) 1472 (7.1) 1439 (7.6) 26,732 (8.2)
2009 20,642 (8.4) 3200 (8.1) 113 (6.7) 1529 (7.4) 1426 (7.5) 26,910 (8.3)
2010 20,094 (8.2) 3151 (8) 126 (7.4) 1602 (7.8) 1446 (7.6) 26,419 (8.1)
2011 20,082 (8.2) 3172 (8.1) 138 (8.2) 1620 (7.9) 1499 (7.9) 26,511 (8.2)
2012 20,102 (8.2) 3349 (8.5) 130 (7.7) 1698 (8.2) 1570 (8.3) 26,849 (8.3)
2013 20,366 (8.3) 3280 (8.3) 137 (8.1) 1791 (8.7) 1617 (8.5) 27,191 (8.4)
2014 20,555 (8.4) 3443 (8.8) 150 (8.9) 1762 (8.5) 1639 (8.7) 27,549 (8.5)
2015 20,472 (8.4) 3425 (8.7) 189 (11.2) 1925 (9.3) 1671 (8.8) 27,682 (8.5)
2016 20,707 (8.5) 3444 (8.8) 150 (8.9) 1952 (9.5) 1830 (9.7) 28,083 (8.6)
2017 20,995 (8.6) 3514 (8.9) 168 (9.9) 2071 (10.0) 1793 (9.5) 28,541 (8.8)
2018 18,932 (7.7) 3316 (8.4) 152 (9.0) 1837 (8.9) 1663 (8.8) 25,900 (8.0)

Note: Numbers in parentheses are column percentages unless otherwise stated.
NOS, not otherwise specified.
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Specifically, black women had the largest increase in
local-stage 2-year CSS (AAPC ¼ þ1.17, p < 0.001)
whereas white women experienced the largest
improvement in regional-stage 2-year CSS rate
(AAPC ¼ þ1.68, p ¼ 0.005). Rates of 2-year CSS for
distant-stage NSCLC increased among all women, with
black (AAPC ¼ þ4.59, p < 0.001) women again experi-
encing the greatest improvement over time. Two-year
CSS for unknown-stage disease increased slightly over
time; however, we were unable to fully evaluate trends
by race and ethnicity owing to sparse data
(Supplementary Table 3).

Trends in Absolute and Relative Disparities
From 2007 to 2018, absolute disparities in incidence

of NSCLC (measured as the range difference between the
race or ethnic group with highest and lowest rates) have
declined significantly among men (AAPC ¼ �3.22, p <

0.001) and women (AAPC ¼ 2.46, p < 0.001), driven
largely by significant declines in absolute disparities in
regional-stage (men, AAPC ¼ �3.10, p < 0.001; women,
AAPC ¼ �3.62, p < 0.001) and distant-stage (men,
AAPC ¼ �3.79, p < 0.001; women, AAPC ¼ �2.05, p <

0.001) diseases (Table 4). In contrast, relative disparities
in overall and stage-specific incidence of NSCLC (derived
by dividing the group with the highest rate by the group
with the lowest rate) remained stable over time.

Pairwise comparison revealed marked variation in
NSCLC incidence rates depending on sex, especially
among white and black patients (Supplementary
Tables 4 and 5). For example, incidence of NSCLC
among black men was 26% higher (incidence rate ratio
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Figure 1. Trends in NSCLC incidence. (A) All stages combined among men. (B) Local-stage incidence among men. (C)
Regional-stage incidence among men. (D) Distant-stage incidence among men. (E) All stages combined among women. (F)
Local-stage incidence among women. (G) Regional-stage incidence among women. (H) Distant-stage incidence among
women.
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[IRR] ¼ 1.26, 95% confidence interval [CI]: 1.19–1.32)
than white men in 2007 and remained 33% higher
(IRR ¼ 1.33, 95% CI: 1.26–1.40) than white men by
2018. Stage-specific analyses again revealed consistently
higher incidence of regional- and distant-stage NSCLC
among black men compared with the other groups. For
example, the incidence of regional-stage NSCLC among
black men was 20% higher (IRR ¼ 1.20, 95% CI: 1.08–
1.33) compared with white men in 2007 and remained
39% (1.39, 95% CI: 1.24–1.55) higher by 2018. Inci-
dence of distant-stage NSCLC among black men was 42%
higher (IRR ¼ 1.42, 95% CI: 1.33–1.53) than white
counterparts in 2007 and remained 44% higher (IRR ¼
1.44, 95% CI: 1.34–1.54) by 2018. In contrast, we
observed no such disparities in NSCLC incidence among
black women, whose IRRs were similar to or lower than
those of white women throughout the study period. For
both sexes, API, AIAN, and Hispanic patients had
consistently lower overall and stage-specific incidence
compared with their white counterparts.

Absolute and relative disparities in overall and stage-
specific 2-year CSS have generally decreased over time,
although these trends did not reach statistical signifi-
cance for either sex (Supplementary Table 6). In pair-
wise comparison, survival rate ratios (SRRs) for black
and API men and women and Hispanic men moved
closer to 1.00 (and the survival rate difference moved
closer to 0) over time, indicating progress toward health
equity for these groups (Supplementary Tables 7 and 8).
Despite this improvement, black men and women
continued to have worse 2-year CSS than their white
counterparts in 2016 (men, SRR ¼ 0.90, 95% CI: 0.84–
0.95; women, SRR ¼ 0.90, 95% CI: 0.86–0.96). When
stratified by stage, black men had lower CSS rates for
regional (SRR ¼ 0.83, 95% CI: 0.72–0.96) and distant
(SRR ¼ 0.74, 95% CI: 0.58–0.94) stages of disease
compared with white men in 2007, but by 2016, differ-
ences in stage-specific CSS rates between black and
white men were no longer statistically significant.
Alternatively, API women had consistently higher
regional- and distant-stage CSS rates compared with
white women over the study period (p < 0.05). Similar
trends occurred among API men, who also had consis-
tently higher distant-stage CSS rates compared with their
white counterparts (p < 0.05).
Discussion
We provide a comprehensive evaluation of trends

and patterns of racial and ethnic disparities in NSCLC
incidence and survival by stage at diagnosis. Both men
and women experienced declines in NSCLC incidence
from 2007 to 2018, which was mainly the consequence
of stark declines in the incidence of distant-stage NSCLC



Table 2. Overall and Stage-Specific Trends in NSCLC Incidence Stratified by Sex and Race and Ethnicity From 2007 to 2018

Sex/Race and Ethnicity

AAPC (95% CI)

All Stages Local Stage Regional Stage Distant Stage

Men
Total �3.35 (�3.76 to �2.94)a �0.91 (�2.04 to 0.23) �3.93 (�4.99 to �2.88)a �3.97 (�4.51 to �3.42)a

White �3.30 (�3.72 to �2.88)a �0.86 (�2.03 to 0.32) �3.93 (�5.04 to �2.82)a �3.95 (�4.44 to �3.46)a

Black �3.18 (�3.88 to �2.48)a �0.40 (�1.67 to 0.88) �3.18 (�4.21 to �2.13)a �4.45 (�6.02 to �2.87)a

American Indian/Alaskan
Native

�3.08 (�5.32 to �0.78)a b b �2.76 (�4.90 to �0.53)a

Asian/Pacific Islander �2.13 (�2.98 to �1.27)a þ0.04 (�0.89 to 0.99) �2.86 (�4.88 to �0.79)a �2.49 (�3.74 to �1.23)a

Hispanic �3.45 (�4.18 to �2.71)a �0.08 (�2.89 to 2.82) �3.64 (�5.03 to �2.23)a �4.42 (�5.43 to �3.37)a

Women
Total �1.92 (�2.45 to �1.40)a þ0.63 (�0.50 to 1.78) �2.96 (�4.22 to �1.69)a �2.66 (�3.13 to �2.18)a

White �1.87 (�2.40 to �1.33)a þ0.65 (�0.56 to 1.86) �2.77 (�3.93 to �1.61)a �2.67 (�3.17 to �2.19)a

Black �1.49 (�1.99 to �0.98)a þ2.15 (1.07–3.26)a �2.56 (�4.27 to �0.81)a �2.34 (�3.13 to �1.53)a

American Indian/Alaskan
Native

þ1.40 (�1.42 to 4.31) b b b

Asian/Pacific Islander �0.89 (�1.88 to 0.10) þ0.86 (�1.49 to 3.26) �2.37 (�5.06 to 0.40) �0.94 (�1.60 to �0.27)a

Hispanic �1.52 (�2.62 to �0.40)a þ1.86 (0.04 to 3.72)a �2.76 (�5.47 to �0.01)a �2.77 (�4.11 to �1.41)a

ap < 0.05.
bStatistic not reported owing to fewer than 20 cases in some years.
AAPC, average annual percentage change; CI, confidence interval.
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in the study period. During the same time period, the
incidence of local-stage NSCLC significantly increased
among black and Hispanic women and remained stable
among all other groups. This improvement was further
indicated by increases in 2-year CSS across all racial and
ethnic groups.

Prior research has found an association between
decreased NSCLC mortality and a corresponding diag-
nostic shift from later to earlier stages.10 In our analyses,
incidence of local-stage NSCLC significantly increased
among black and Hispanic women (p < 0.05) and
remained stable over time for all other groups. Stable or
increasing incidence of local-stage NSCLC along with
substantial declines in incidence of regional- and distant-
stage NSCLC may suggest a shift toward earlier detection
of NSCLC when treatment is most effective.

Improvements in NSCLC outcomes have resulted in
narrowing absolute disparities in NSCLC incidence for
both men and women, and stage-specific analyses
revealed that these trends were driven largely by
reduced absolute disparities in incidence of regional-
and distant-stage NSCLC. In contrast, relative disparities
in overall and stage-specific NSCLC incidence remained
constant over time, indicating more work is needed to
not only reduce but eliminate disparities in NSCLC out-
comes across groups.

Our findings also highlight a persistent gap in disease
burden among black and white men. For example, NSCLC
incidence among black men remained 33% higher than
those of white men in 2018. Black men also had
consistently higher incidence of regional- and distant-
stage NSCLC and lower 2-year CSS rates compared
with the other groups. Persistent disparities among
black patients, during a time period of improved access
to screening and advances in treatment, reflect inequity
across the cancer continuum. Furthermore, findings of
lower CSS among black patients underscore the need for
additional research to identify and implement in-
terventions to ensure consistent and equitable use of
high-quality screening, diagnosis, and treatment to
reduce and eliminate persistent racial and ethnic
disparities.

Stark declines in NSCLC incidence and mortality in
the past several years, as reported by us and others,2,12

correspond with recent advances in lung cancer
screening and treatment of NSCLC. In the past decade,
the identification of specific driver mutations, such as
EGFR and ALK, has led to the development of new
therapies and treatment targets for NSCLC.16,17 These
advancements in targeted therapy for NSCLC have led
to improvements in quality of life and overall survival
among patients harboring the corresponding driver
mutation.17,18 More recently, improved outcomes for
patients with NSCLC have resulted from development of
immune checkpoint inhibitor therapies, particularly
those targeting the programmed cell death protein 1–
programmed death-ligand 1 pathway.19–21 Studies have
found EGFR mutation-positive NSCLC tumors to be
more common in Asian patients than in non-Asian pa-
tients.22 This means that a greater proportion of Asian
patients are likely to gain clinical benefit from EGFR-
targeted treatments. As such, our findings of higher
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Figure 2. Trends in 2-year cause-specific survival. (A) All stages combined among men. (B) Local-stage survival among men.
(C) Regional-stage survival among men. (D) Distant-stage survival among men. (E) All stages combined among women. (F)
Local-stage survival among women. (G) Regional-stage survival among women. (H) Distant-stage survival among women.

Table 3. Trends in Overall and Stage-Specific 2-Year NSCLC Survival Stratified by Sex and Race and Ethnicity From 2007 to
2016

Sex/Race and Ethnicity

AAPC (95% CI)

All Stages Local Stage Regional Stage Distant Stage

Men
Total þ2.97 (1.99–3.97)a þ1.41 (1.16–1.67)a þ1.86 (1.27–2.46)a þ5.21 (3.80–6.65)a

White þ2.85 (1.90–3.8)a þ1.31 (1.07–1.54)a þ1.65 (0.91–2.40)a þ5.13 (3.67–6.61)a

Black þ4.07 (2.43–5.73)a þ1.57 (0.76–2.40)a þ3.19 (2.00–4.40)a þ7.31 (4.13–10.58)a

American Indian/Alaskan Native þ1.15 (�2.14 to 4.55) b b �7.29 (�19.34 to 6.55)
Asian/Pacific Islander þ2.34 (0.93–3.78)a þ1.42 (0.42–2.42)a þ1.80 (�0.18 to 3.82) þ2.90 (1.02–4.82)a

Hispanic þ3.39 (1.81–5.00)a þ2.74 (1.21–4.29)a þ2.00 (0.48–3.54)a þ4.20 (2.00–6.44)a

Women
Total þ2.60 (2.04–3.16)a þ0.93 (0.74–1.12)a þ1.66 (1.12–2.21)a þ4.81 (3.95–5.67)a

White þ2.57 (2–3.13)a þ0.98 (0.77–1.19)a þ1.68 (1.13–2.23)a þ4.49 (3.55–5.65)a

Black þ2.87 (1.81–3.94)a þ1.17 (0.18–2.16)a þ1.60 (0.07–3.16)a þ4.59 (1.78–7.28)a

American Indian/Alaskan Native þ2.06 (�1.93 to 6.22) b b b

Asian/Pacific Islander þ1.79 (0.23–3.38)a þ0.56 (�0.38 to 1.51) þ0.77 (�0.27 to 1.82) þ3.42 (0.92–5.99)a

Hispanic þ3.01 (1.81–4.23)a þ0.06 (�0.89 to 1.01) þ1.80 (�0.49 to 4.14) þ4.37 (1.71–7.09)a

ap < 0.05.
bStatistic not reported owing to fewer than 20 cases in some years.
AAPC, average annual percentage change; CI, confidence interval.
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stage-specific CSS rates in API patients may be
explained by the higher prevalence of EGFR mutation in
the API population.

Although newly developed therapies undoubtedly
play a role in population mortality, improvements in
lung cancer screening and early detection can also
contribute to mortality declines. LDCT scan is the only
validated and reliable screening method for early
detection of lung cancer and has been recommended by
the USPSTF since 2013.23 Despite this, insurance
coverage of LDCT scan did not become effective until
2015, which likely contributed to the initial low uptake



Table 4. Trends in Racial and Ethnic Disparities in Overall and Stage-Specific NSCLC Incidence From 2007 to 2018

Sex/Stage 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 AAPC (95% CI)

Men
Range differencea

All stages 180.84 188.62 197.08 173.87 167.28 173.79 154.46 161.08 156.46 150.15 141.86 127.71 �3.22 (�4.12 to �2.31)b

Localc 33.82 29.43 30.16 29.65 32.73 24.78 26.04 27.27 27.12 25.99 28.71 28.63 �1.67 (�2.88 to �0.44)b

Regionalc 44.73 46.90 44.40 42.71 37.98 43.07 40.35 39.38 34.44 38.52 35.98 29.31 �3.10 (�4.34 to �1.86)b

Distant 101.94 109.37 117.15 98.77 95.72 102.71 85.88 91.78 96.09 82.37 74.93 66.80 �3.79 (�5.33 to �2.23)b

Range ratiod

All stages 2.52 2.67 2.79 2.72 2.62 2.75 2.60 2.69 2.82 2.63 2.76 2.70 þ0.38 (�0.21 to 0.97)
Localc 3.01 2.54 2.49 3.07 3.34 2.44 2.71 2.96 2.82 2.26 2.61 2.91 �0.50 (�2.51 to 1.56)
Regionalc 2.61 2.89 2.71 2.89 2.43 2.99 2.91 2.80 2.83 2.78 2.87 2.80 þ0.45 (�0.63 to 1.54)
Distant 2.44 2.67 2.95 2.61 2.66 2.78 2.50 2.62 2.98 2.77 2.85 2.61 þ0.47 (�0.69 to 1.65)

Women
Range differencea

All stages 103.93 93.46 96.61 86.44 91.68 83.52 85.23 88.76 80.52 80.25 78.16 75.08 �2.46 (�3.14 to �1.78)b

Localc 30.09 27.36 26.71 23.71 22.26 24.67 23.80 24.77 26.86 26.58 27.37 24.42 �0.62 (�2.08 to 0.87)
Regionalc 27.24 27.32 27.04 22.82 25.67 22.58 26.15 25.09 21.34 20.12 20.28 16.85 �3.62 (�5.22 to �2.00)b

Distantc 48.53 49.03 44.35 45.56 44.92 39.84 35.26 46.53 42.38 37.15 37.99 39.60 �2.05 (�3.40 to �0.69)b

Range ratiod

All stages 2.46 2.24 2.35 2.18 2.37 2.16 2.23 2.39 2.20 2.18 2.15 2.36 �0.46 (�1.26 to 0.35)
Localc 2.99 2.68 2.50 2.47 2.27 2.62 2.47 2.52 2.79 2.40 2.35 2.43 �0.96 (�2.21 to 0.32)
Regionalc 2.67 2.85 2.87 2.26 2.79 2.36 3.01 3.04 2.44 2.26 2.35 2.71 �0.80 (�2.88 to 1.33)
Distantc 2.30 2.28 2.21 2.23 2.37 2.07 1.94 2.40 2.20 2.27 2.29 2.51 þ0.43 (�0.89 to 1.78)

aRange difference (highest group rate – lowest group rate) represents a summary measure of disparities on the absolute scale.
bp < 0.05.
cAmerican Indian/Alaskan Native excluded from stage-specific analyses owing to fewer than 20 cases in some years.
dRange ratio (highest group rate O lowest group rate) represents a summary measure of health disparity on the relative scale.
AAPC, average annual percentage change; CI, confidence interval.
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of LDCT screening.24 Low screening rates led authors of
prior studies to attribute the stark reductions in NSCLC
mortality to advancements in targeted therapies for
NSCLC rather than improved early detection through
screening.2 Nevertheless, several recent studies have
reported small, yet statistically significant increases in
lung cancer screening utilization in recent years, likely as
a result of improved insurance coverage and increased
access to health care.25–27 As such, we believe that our
findings of declines in NSCLC mortality, improvements in
stage-specific survival, and the apparent shift toward
earlier stage diagnosis reflect the combined benefit of
advances in early detection of lung cancer by LDCT
screening, improvements in targeted treatment and im-
munotherapies, and increased insurance coverage of
these services. Despite this progress, substantial dis-
parities in NSCLC burden remain.

Advances in lung cancer screening and targeted
therapies have the potential to greatly improve racial
and ethnic disparities in NSCLC outcomes, but only if
implemented effectively and equitably. In 2021, the
USPSTF released updated lung cancer screening guide-
lines that lowered the screening age from 55 to 50 years
and smoking history from 30 to 20 pack-years.23 These
changes are expected to expand screening access to
racial and ethnic groups. Nevertheless, timely and equi-
table access to quality lung cancer treatment after
diagnosis remains a critical concern. Future studies
should monitor the impact of revised screening guide-
lines on disparities in access to lung cancer screening,
treatment, stage-specific incidence, and survival among
racial and ethnic populations.

Use of SEER data has several limitations. The SEER
data do not include detailed information on patient in-
surance status, smoking history, diagnostic method,
screening procedures, family history, and complete
course of treatment.28 Therefore, our associations of
improvements in NSCLC outcomes with increased access
to LDCT screening and advancements treatment are
speculative and should be interpreted with caution. In
addition, we were unable to fully assess stage-specific
trends for some racial and ethnic groups owing to
sparse data. Furthermore, our use of broad racial and
ethnic categories may mask important differences within
and among subgroups. Although we used the most
recent SEER data available at the time of the analysis,
analyses should be repeated every few years owing to
evolving health practices. In particular, results from the
NELSON trial were presented at the World Lung Cancer
Conference in 2018 and published in 2020, thus,
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practices in screening and consequent incidence data
may be affected.6 As such, our efforts should be repeated
as additional data become available.

In conclusion, declines in NSCLC incidence and im-
provements in stage-specific survival may reflect the
population benefit of recent advancements in lung can-
cer screening and targeted treatments. Despite this
progress, substantial racial and ethnic disparities in
NSCLC burden persist. More work is needed to identify
and implement interventions to ensure consistent and
equitable use of high-quality screening, diagnosis, and
treatment to reduce and eliminate persistent racial
and ethnic disparities in NSCLC.
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