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ABSTRACT

PURPOSE Lung cancer is the leading cause of cancer-related deaths in the United States.
This study aims to analyze lung cancer incidence, mortality, and related sta-
tistics from 1990 to 2019, focusing on national- and state-level trends and
exploring potential disparities between sexes.
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METHODS The Global Burden of Disease database was used to extract tracheal, bronchus, and
lung cancer mortality data from 1990 to 2019 for both males and females and across
all states of the United States. Age-standardized incidence rates, age-standardized
mortality rates, disability-adjusted life years (DALYs), and mortality-to-incidence
indices (MIIs) were studied to assess for gender-based, geographic, and temporal

disparities. Joinpoint regression analysis was performed to further evaluate trends.

RESULTS The incidence of these cancers in the United States decreased between 1990 and
2019 by 23.35%, with a more significant decline in males (37.73%) than females
(1.41%). Similarly, for mortality, a decrease was observed for both sexes
combined (26.83%), but much more significantly for males (40.23%) than
females (6.01%). The MIIs decreased overall, but there were variations across
states. DALYs decreased for both sexes combined, with males experiencing a

larger reduction, but an increase was noted in some states for females.

CONCLUSION This analysis reveals diverse trends pertaining to the incidence, mortality, and
disability burden associated with lung cancer by sex and states in the United States,
emphasizing the need for targeted interventions to reduce disparities. These
findings contribute to our understanding of the current landscape of lung cancer
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INTRODUCTION

lung cancer screening program. Uptake of LDCT screening for
lung cancer has been slow, and in 2018, only approximately

Lung cancer is the second most common cancer in the
United States and remains the leading cause of cancer-
associated mortality in the United States, with 139,682
deaths in the year 2019." Five-year survival after a diagnosis
of lung cancer remained low at 20% between 2010 and 2016
because of advanced-stage diagnosis.>

In 2011, the National Lung Screening Trial and NELSON trial
reported a 20% and 24% mortality risk reduction, respec-
tively, for annual low-dose computed tomography scan
(LDCT) implementation.>* In 2013, the US Preventive Services
Task Force (USPTF) recommended annual screening for lung
cancer with LDCT in adults age 50-80 years who have a
20 pack-year smoking history and currently smoke or have
quit within the past 15 years.> Operational needs and resource
allocation post substantial barriers to implementation of a
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12% of eligible individuals received lung cancer screening,
with significant state-to-state variability.® We hypothesize
that there has been no improvement in lung cancer—related
statistics at the national level in the United States since the
USPTF recommendations for annual lung cancer screening in
high-risk individuals were released.

The first objective of this study is to analyze the rate and
trends of incidence, mortality, mortality-to-incidence indices
(MIIs), and disability-adjusted life years (DALYs) attributed to
cancers of the trachea, bronchus, and lung in the United States
between 1990 and 2019. The second objective is to report the
state-level statistics from all 51 states. The final objective is to
compare the differential trends between males and females to
identify gender disparities. We used data from the Global
Burden of Disease (GBD) database for this analysis.
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CONTEXT

Key Objective

Are there gender disparities in the national- and state-level trends of lung cancer incidence, mortality, and related statistics

from 1990 to 2019?

Knowledge Generated

Using the Global Burden of Disease database, the incidence and mortality of tracheal, bronchus, and lung cancers in the
United States were found to be decreasing much more significantly in males than females. In addition, while the disability-
adjusted life years decreased in males, some states noted an increase for females.

Relevance

By analyzing trends rather than absolute annual mortality rates, our study helps appreciate the population-level landscape
of lung cancer over an extended observation period, which can inspire plans of action for prevention, early detection, and
management, notably to reduce the observed gender disparities.

METHODS
Characteristics of the Data Source

This observational analysis of tracheal, bronchus, and lung
cancers in 51 US states was performed using data extracted
from the GBD database. This WHO-commissioned database
is an amalgamation of 1277 countries’ data sets and registries
that provides epidemiologic characteristics (incidence,
prevalence, mortality, DALYs, years of life lost, etc) for some
of the world’s most important health concerns.

Data sets used by the GBD researchers include insurance data,
admission and outpatient encounter data, and systematic re-
views, among others. For data, the GBD maps all mortality and
incidence data related to the International Classification of
Diseases (ICD) codes (codes C33-C34, D02.1-D02.2, D38.1, 162~
162.9, 231.1, 231.2, 231.8, 235.7 from ICD10 and B101 from ICD9).
These data are combined by Bayesian meta-regression with the
DisMod-MR 2.19 (Institute of Health Metrics and Evaluation,
University of Washington, Seattle, WA) tool that analyzes and
adjusts for bias and produces disease estimates with CIs.”® GBD
has different mappings of ICD codes on the basis of incidence or
mortality. In brief, generally, for incidence, GBD excludes the
most benign codes. At the same time, for mortality, they in-
clude many benign codes (assuming that if a tumor was
assigned a benign code but led to death, it was likely mis-
classified). Mortality data are collected from vital registration
sources, verbal autopsy reports, and surveillance data and
entered into the GBD cause-of-death database. The quality of
mortality data from each country is then evaluated by the GBD
methodology on the basis of a five-star rating system for each
location-year to assist in the reader’s comprehension of the
reliability of the cause-of-death data.

Handling of the GBD Data

We extracted age-standardized incidence rates (ASIRs), age-
standardized mortality rates (ASMRs), and DALYs for tracheal,
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bronchus, and lung cancers from 51 US states between
1990 and 2019 using the dedicated GBD Results tool.?
Age-standardized rates were used to account for the varia-
tions in age structures for each state. The method used by the
GBD involves calculating a standard population from the
United Nations Population Division’s World Population
Prospects (2012 revision). We have previously performed
similar studies to assess mortality trends for lung cancer,
kidney cancer, and intracerebral hemorrhage.’>

We calculated absolute and relative changes in ASIRs,
ASMRs, and DALYs between 1990 and 2019 for each sex in
each state. The MIIs were calculated by dividing ASMR by
ASIR for each year (1990 and 2019) for both sexes in all
states. MIIs allow for the comparison of disease burden by
normalizing mortality to incidence. A DALY incorporates
morbidity and mortality figures to calculate the years lived
with and lost from a disability. The WHO uses it to indicate
the overall disease burden on a health system. These mea-
sures facilitate our understanding of the varying temporal
impact of tracheal, bronchus, and lung cancers. Trends for
the entire United States are reported as well.

Statistical Analysis

Joinpoint Command Line Version 4.5.0.1 (Division of Cancer
Control and Population Sciences, NCI, Rockville, MD) was
used to apply a Joinpoint regression analysis to the incidence,
mortality, and DALY data. This software is provided for free by
the US National Cancer Institute Surveillance Research Pro-
gram.” It analyzes trends in the data over the period studied
and connects these trends with the simplest model possible on
a logarithmic scale. The simplest model has no joinpoints and
represents a straight line. As more joinpoints are added, the
significance of each is tested using a Monte Carlo permutation
method. An estimated annual percentage change (EAPC; with
95% CIs) for each Joinpoint line segment is also computed
using the Joinpoint software and tested for significance. The
result of the analyses is a series of statistically significant
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joinpoints for each state, with each trend (either positive or
negative) represented by a potentially significant EAPC. This
allows for a thorough assessment of temporal trends and for
intracountry comparability.

RESULTS

Trends in Tracheal, Bronchus, and Lung
Cancer Incidence

Between 1990 and 2019, the ASIR in the United States de-
creased by 23.35% for both sexes combined. However, the
decrease was more substantial among males (37.73%)

compared with a modest 1.41% decline for females. In 2019,
the ASIR for the entire United States was 45.13 per 100,000,
with rates of 53.44 per 100,000 for males and 38.35 per
100,000 for females (Fig 1A). Among the 51 states, which
include the District of Columbia (DC), the highest ASIR was
observed in Kentucky (75.66 per 10,000). By contrast, the
lowest ASIR was observed in Utah (23.53 per 100,000). Na-
tionally and across all 51 states in the United States, the ASIR
showed a decrease for both sexes combined and males.
However, in the case of females, ASIR was observed to be
increasing in 34 of 51 states (66.7% of the total states). On
performing a joinpoint trend analysis for the entire
United States (Fig 2A), three joinpoints were identified for
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FIG 1. (A) ASIRs, (B) ASMRs, (C) MII, and (D) DALYs for both sexes combined in 2019. All indices are per 100,000 population. ASIR,
age-standardized incidence rate; ASMR, age-standardized mortality rate; DALY, disability-adjusted life year; MIl, mortality-to-

incidence index. (continued on following page)
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FIG 1. (Continued).

males, females, and both sexes combined. As for the overall
trend for both sexes, ASIR demonstrated an increase until
1995, followed by a decrease until 2017, with a more rapid
decline since 2002 (EAPC, —1.78). However, an increase in
ASIR with an EAPC of 1.13 has been seen since 2017. Similar
trends were observed for males, with a relative increase
since 2016 (EAPC, 0.62). In the case of females, however,
ASIR was found to be increasing until 2001, with a subse-
quent decline.

Trends in Tracheal, Bronchus, and Lung
Cancer Mortality

In the United States, the ASMR decreased by 26.83% for both
sexes combined. At the same time, it decreased by 40.23% for
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males but only by 6.01% for females. In 2019, for the entire
United States, the ASMR was 36.11 per 100,000, with 44.15
per 100,000 for males and 29.58 per 100,000 for females.
Among 51 states, including DC, similar to ASIR, the highest
ASMR was also observed in Kentucky (58.52 per 100,000),
whereas the lowest was in Utah (20.18 per 100,000). For both
sexes combined and males, ASMR showed a decrease both
nationwide and for all 51 states in the United States. How-
ever, for females, ASMR showed an increasing trend in 29 of
51 states (56.9%). On performing a joinpoint trend analysis
for the entire United States, three joinpoints were identified
for males, females, and both sexes combined. ASMR was
observed to be increasing in recent years, for males (since
2016), females (since 2017), and both sexes combined (since
2017), as shown in Figure 2B.
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FIG 1. (Continued).

Trends in Tracheal, Bronchus, and Lung Cancer
Mortality-to-Incidence Indices

For both sexes combined, MIIs decreased by 4.54% from 1990
to 2019 for the entire United States, specifically decreasing by
£4.02% for males and by 4.67% for females. Across all 51 states,
MIIs decreased when observed for both sexes combined, except
New Mexico, Oklahoma, and Utah. Similarly, for males, MIIs
decreased in all states except in New Mexico, Oklahoma, and
Utah. Although both ASMRs and ASIRs showed an increase in
more than 50% of the states for females, only Oklahoma ex-
perienced an increase in MII for females (Tables 1-3).

JCO Global Oncology

Trends in Tracheal, Bronchus, and Lung Cancer
Disability-Adjusted Life Years

In the United States, DALYs decreased by 35.94% for both sexes
combined. The decrease was more pronounced for males at
46.41%, but relatively lower for females at 18.94%. In 2019, the
age-standardized DALY for the entire United States was 767.35
per 100,000, with rates of 922.23 per 100,000 for males and
633.83 per 100,000 for females. Among the 51 states, including
DC, Kentucky had the highest DALY (1,300.42 per 10,000),
whereas Utah had the lowest (421.06 per 100,000). For both
sexes combined and males, DALY showed a decreasing trend
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FIG 1. (Continued).

nationally and across all 51 states. However, for females, DALY
was found to be increasing in 12 of 51 states (23.5%). On per-
forming a joinpoint trend analysis for the entire United States,
three joinpoints were identified for males, females, and both
sexes combined. Recent trends showed DALY to be increasing for
males, females, and both sexes combined, as shown in Figure 2D.
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DISCUSSION

In this study, we assessed the trends in incidence, mortality,
MlIs, and DALYs pertaining to tracheal, bronchus, and lung
cancers in the United States. For both sexes combined and
for males, the incidence, mortality, and DALY rates showed a
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TABLE 1. 1990 and 2019 ASMRs, ASIRs, Mlls, and DALYs, With Associated Percentage Changes, for Lung, Tracheal, and Bronchus Cancers in the Different States of the United States

State ASMR ASIR Ml DALY

Both Sexes 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%)
United States 49.35 36.11 —26.83 58.87 4513 2885 0.83830878 0.80026644 —4.54 1,197.78 767.35 —35.94
Alabama 60.20 50.45 -16.19 68.19 58.18 -14.68 0.88286072 0.867225 =1.77 1,490.75 1,120.88 —24.81
Alaska 57.05 37.52 —34.23 63.65 46.52 —26.91 0.89634523 0.80653015 -10.02 1,255.64 783.03 —37.64
Arizona 44.26 30.45 -31.20 52.80 38.17 =27.70 0.83827767 0.79778772 -4.83 1,046.38 625.78 -40.20
Arkansas 60.39 49.67 =17.75 69.22 57.78 —16.53 0.8723817 0.85968705 —1.46 1,500.12 1,105.97 —26.27
California 43.65 24.96 —42.82 51.38 31.72 —38.26 0.84960345 0.78675279 =7.40 1,040.28 498.72 -52.06
Colorado 35.88 26.62 —25.80 43.15 33.92 -21.39 0.83139048 0.784794 —5.60 828.22 533.48 —35.59
Connecticut 43.30 31.89 -26.35 55.15 42.08 —23.71 0.78512515 0.75792614 -3.46 1,031.54 061.89 -35.83
Delaware 57.67 40.82 —29.22 66.55 50.79 —23.69 0.86661234 0.80375091 —7.25 1,361.54 883.44 —35.11
District of Columbia 60.66 32.47 —46.47 63.93 37.59 -41.19 0.94887618 0.8637899 -8.97 1,684.87 T748.75 -52.76
Florida 4978 35.05 —29.59 60.04 4451 =255 0.82922846 0.78745131 -5.04 1,230.93 761.14 -38.17
Georgia 53.53 40.35 —24.61 64.38 49.65 —22.88 0.83151504 0.8127933 -2.25 1,326.65 859.01 -35.25
Hawaii 3474 27.63 —20.45 4374 36.21 =17.21 0.79419107 0.76307719 -3.92 827.43 585.92 —29.19
Idaho 38.61 30.02 —22.26 46.02 37.32 -18.90 0.8390683 0.80429296 -414 898.52 617.81 -31.24
lllinois 50.18 B8 —25.57 58.72 46.82 -20.27 0.8544534 0.79763187 —6.65 1,232.37 785.68 —36.25
Indiana 53.86 45.47 —15.568 64.06 55.38 -13.55 0.84075724 0.82102214 -2.35 1,302.91 996.31 —23.53
lowa 40.06 37.64 (6,05 50.27 47.58 =539 0.79694976 0.79104813 -0.74 955.05 814.87 -14.68
Kansas 44.37 37.94 -14.50 54.52 47.53 -12.81 0.81395633 0.79817562 -1.94 1,065.01 813.51 —23.62
Kentucky 65.25 58.52 -10.32 81.84 75.66 —7.54 0.79735321 0.77338361 —3.01 1,619.56 1,300.42 -19.71
Louisiana 61.89 46.85 —24.31 71.34 56.02 -21.47 0.86761474 0.83625971 -3.61 1,623.39 1,035.54 -32.02
Maine 51.95 4412 —15.08 63.64 55.74 =12.42 0.8162717 0.7915209 -3.03 1,230.75 946.22 -23.12
Maryland 56.02 35.57 —36.50 65.30 43.83 —-32.88 0.85789706 0.81151136 -5.41 1,346.66 752.77 -44.10
Massachusetts 48.00 35,559 —26.34 60.05 46.85 -21.99 0.79927012 0.75467899 =B, 1,157.50 732.36 =85.73
Michigan 48.65 40.04 -17.69 62.90 52.80 -16.05 0.77346098 0.75838239 -1.95 1,189.24 867.23 —27.08
Minnesota 39.26 33.14 —15.59 50.51 44.32 -12.25 0.77722795 0.74764239 —3.81 930.97 687.10 —26.20
Mississippi 57.95 51.18 -11.68 64.55 57.77 -10.51 0.89777022 0.88600702 -1.31 1,430.69 1,145.34 -19.95
Missouri 54.54 43.86 -19.567 64.82 54.02 -16.67 0.84134349 0.81205317 —3.48 1,340.12 959.26 —28.42
Montana 43.22 34.47 -20.26 51.15 42.06 =17.79 0.84497631 0.81954431 -3.01 995.81 720.48 —27.65
Nebraska 44.02 35.12 -20.21 53.82 4481 -16.73 0.81790585 0.78371804 -4.18 1,054.41 751.67 —28.71
Nevada 62.24 38.30 —38.46 70.74 46.20 —34.69 0.87993342 0.82910486 -578 1,420.32 766.11 —46.06
New Hampshire 49.56 39.39 —20.51 60.83 51.33 -15.62 0.81471706 0.76754139 -579 1,166.82 830.20 —28.85
New Jersey 48.61 32.49 -33.16 59.90 43.94 —26.65 0.81150281 0.7395115 -8.87 1,167.48 ©678.84 -41.85
New Mexico 35.19 2711 —22.97 40.32 30.95 —23.24 0.8729495 0.87598439 0.35 816.91 566.86 —30.61
New York 44.96 29.65 —34.05 52.31 38.25 -26.87 0.85945744 0.77511273 -9.81 1,103.96 635.08 —42.47
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TABLE 1. 1990 and 2019 ASMRs, ASIRs, Mlls, and DALYs, With Associated Percentage Changes, for Lung, Tracheal, and Bronchus Cancers in the Different States of the United States (continued)

State ASMR ASIR Mil DALY

Both Sexes 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%)
North Carolina 51.64 47.54 -19.57 59.55 50.54 =16.18 0.86721584 0.8218411 =528 1,278.19 891.66 -30.24
North Dakota 37.31 33.63 -9.87 45.27 42.30 —6.58 0.82416022 0.79512773 —-3.62 877.26 737.01 —15.99
Ohio 53.63 44.29 —17.42 63.78 53.69 —-156.82 0.84080451 0.8248601 -1.90 1,304.85 965.87 —25.98
Oklahoma 54.08 4515 —16.51 63.96 53.00 -17.14 0.84555306 0.85191896 0.75 1,314.91 988.84 —24.80
Oregon 50.18 34.99 —30.28 62.02 45.46 —26.70 0.80907599 0.76957797 —4.88 1,185.48 717.52 —39.47
Pennsylvania 49.41 38.76 -21.55 58.79 48.45 -17.60 0.84045656 0.80009658 -4.80 1,197.81 830.23 —30.69
Rhode Island 49.23 38.28 —22.24 59.33 49.53 -16.52 0.82976274 0.77296244 —6.85 1,184.87 814.99 —31.22
South Carolina 52.54 42.84 —18.46 58.86 50.61 —14.02 0.89260372 0.8465018 -5.16 1,308.26 935.58 —28.49
South Dakota 38.92 35.83 —7.92 46.28 43.81 -5.34 0.84083553 0.817843 —2.73 922.05 775.89 —15.85
Tennessee 58.41 48.80 —16.45 67.48 58.15 -13.83 0.86561008 0.83932828 -3.04 1,459.27 1,074.49 —26.37
Texas 52.10 32.71 —37.21 61.36 39.82 —35.10 0.84913459 0.82154444 =828 1,257.39 676.58 —46.19
Utah 23.20 20.18 -13.03 27.15 23.53 -13.35 0.85460772 0.85774493 0.37 534.32 421.06 -21.20
Vermont 47.40 37.65 —20.58 55.47 49.20 -11.31 0.85456505 0.76524534 -10.45 1,105.95 820.06 —25.85
Virginia 55.50 37.03 —33.27 65.84 46.96 —28.68 0.84286493 0.78854573 —6.44 1,334.76 779.72 —41.58
Washington 46.55 32.40 —30.39 57.93 41.53 —28.30 0.80353887 0.78017999 -291 1,098.93 655.25 —40.37
West Virginia 59.67 5222 —12.50 68.67 61.51 -10.43 0.86904387 0.84893759 -2.31 1,451.44 1,163.83 -19.82
Wisconsin 41.69 34.96 -16.14 5213 45.65 —12.44 0.79967944 0.76590106 —4.22 1,000.43 736.90 —26.34
Wyoming 41.86 30.31 —27.60 48.98 37.06 —24.34 0.85475899 0.81787535 -4.32 960.33 646.08 -32.72

|e 18 luep

NOTE. All indices are per 100,000 population.
Abbreviations: ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; DALY, disability-adjusted life year; Mils, mortality-to-incidence indices.
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TABLE 2. 1990 and 2019 Male ASMRs, ASIRs, Mlls, and DALYs, With Associated Percentage Changes, for Lung, Tracheal, and Bronchus Cancers in the Different States of the United States

State ASMR ASIR MIl DALY

Male 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%)
United States 73.87 4415 -40.23 85.83 53.44 =87.18 0.86066103 0.82608944 —4.02 1,720.75 922.23 —46.41
Alabama 99.90 67.00 -32.94 110.94 75.38 —32.05 0.90043148 0.8887322 -1.30 2,386.32 1,456.74 —38.95
Alaska 76.97 41.95 —45.50 84.20 50.54 —39.98 0.91409796 0.83013474 -9.19 1,643.02 860.98 —47.60
Arizona 61.90 36.00 —41.84 72.04 43.84 —-39.14 0.85929703 0.82109831 —4.45 1,421.70 732.40 —48.48
Arkansas 95.67 63.07 —34.08 107.43 71.55 —33.40 0.89053744 0.88142089 -1.02 2,300.04 1,376.02 -40.17
California 59.61 29.13 -51.14 68.51 35.74 —47.84 0.87006415 0.81498428 -6.33 1,365.41 573.88 -57.97
Colorado 51.81 30.44 —41.24 60.52 37.67 —37.76 0.85604089 0.80807541 —5.60 1,141.70 607.43 —46.80
Connecticut 61.78 37.68 —39.01 76.01 48.33 —36.42 0.81274157 0.77962838 -4.07 1,391.56 770.03 —44.66
Delaware 86.29 50.60 —41.36 96.84 60.96 —37.05 0.89100609 0.83001326 -6.85 1,945.30 1,070.94 —44.95
District of Columbia 96.68 38.57 -60.11 100.43 43.54 —56.65 0.96264456 0.8857721 -7.99 2,440.16 875.50 —-64.12
Florida 71.65 42.80 —40.27 84.33 52.75 —37.45 0.84965952 0.81135327 —4.51 1,729.44 922.87 —46.64
Georgia 87.07 52.77 —39.40 102.42 62.99 —38.50 0.85012858 0.8376985 —1.46 2,056.84 1,106.04 -46.23
Hawaii 48.69 35.42 —27.24 60.75 4523 =256 0.80141837 0.78325014 -2.27 1,149.67 728.69 —36.62
ldaho 54.76 33.92 —38.05 63.58 40.79 —36.85 0.86121481 0.83161672 —3.44 1,228.04 681.73 —44.49
lllinois 76.04 45.38 —40.32 86.60 55.12 —36.36 0.87804972 0.82340762 -6.22 1,778.34 937.93 —47.26
Indiana 83.27 57.38 —31.09 96.38 67.76 —29.70 0.86392922 0.84684581 -1.98 1,921.90 1,224.39 —-36.29
lowa 62.50 46.80 —25.12 76.98 57.91 —24.77 0.81181177 0.80807166 —-0.46 1,411.08 990.12 —29.83
Kansas 69.22 45.68 —34.00 82.67 55.48 —32.88 0.83729886 0.82341301 —1.66 1,685.36 961.99 —39.32
Kentucky 101.65 73.36 —27.83 123.34 91.25 —26.02 0.82417015 0.8039698 —2.45 2,416.53 1,5690.46 —34.18
Louisiana 98.71 60.11 —-39.10 110.75 69.82 —36.96 0.89132507 0.86101144 -3.40 2,336.08 1,308.25 —44.00
Maine 76.26 51.46 —32.52 90.59 62.87 —30.59 0.84185702 0.81852184 =277 1,722.40 1,085.47 —36.98
Maryland 82.75 43.81 —47.05 93.96 52.36 —44.27 0.8806786 0.83673466 -4.99 1,908.57 912.22 -52.20
Massachusetts 70.09 41.71 —40.50 84.88 53.29 —37.22 0.82575011 0.78268718 =822 1,608.74 848.46 —47.26
Michigan 72.29 48.60 -32.77 91.35 62.68 -31.38 0.79137639 0.77538584 -2.02 1,681.83 1,029.94 —38.76
Minnesota 57.48 38.38 =313.28 71.52 49.48 —-30.82 0.80364843 0.77569993 —3.48 1,292.56 781.78 —39.562
Mississippi 96.17 69.57 —27.66 105.16 76.67 —27.09 0.9145942 0.90746156 -0.78 2,291.26 1,5613.82 —-33.93
Missouri 83.60 53.87 =857 96.80 64.25 —33.62 0.8636141 0.83836333 -292 1,965.47 1,150.16 —41.48
Montana 59.70 36.82 —38.32 68.55 43.52 —36.52 0.87087129 0.8461683 —2.84 1,308.00 756.39 —42.17
Nebraska 68.32 41.57 —39.16 81.26 51.12 —37.09 0.84075398 0.8130962 -3.29 1,565.50 861.79 —44.95
Nevada 82.17 41.73 -49.21 91.13 49.07 -46.15 0.90164591 0.8504644 —5.68 1,815.85 832.29 -5417
New Hampshire 7213 46.20 —-35.94 85.82 57.98 —32.43 0.84049947 0.79686283 -5.19 1,615.78 952.09 —41.08
New Jersey 7114 37.75 —46.93 84.49 48.71 —42.34 0.84201266 0.77497566 -7.96 1,631.94 T74.57 -52.54
New Mexico 49.93 821508 —34.80 55.90 35.90 —35.78 0.8931637 0.90678377 1.52 1,119.65 666.66 —40.46
New York 65.74 35.46 —46.06 74.40 4415 —40.66 0.88350603 0.80308317 -9.10 1,5645.33 74411 —51.85
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TABLE 2. 1990 and 2019 Male ASMRs, ASIRs, Mlls, and DALYs, With Associated Percentage Changes, for Lung, Tracheal, and Bronchus Cancers in the Different States of the United States

(continued)

State ASMR ASIR MII DALY

Male 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%)
North Carolina 85.15 53.49 —37.18 96.02 63.22 -34.16 0.8867579 0.84619899 —4.57 2,019.22 1,125.57 —44.26
North Dakota 56.72 40.70 -28.25 67.03 49.47 —26.20 0.84617013 0.82267632 -2.78 1,275.97 866.16 -32.12
Ohio 81.41 55.50 -31.82 94.21 65.35 —30.63 0.86413485 0.84924875 -1.72 1,894.94 1,186.32 —37.40
Oklahoma 82.25 55.32 -32.74 94.79 63.14 —33.38 0.86773128 0.87613145 0.97 1,914.35 1,186.19 —38.04
Oregon 69.45 39.66 -42.90 83.11 49.80 —40.08 0.83563162 0.79636721 =470 1,567.31 803.68 —48.72
Pennsylvania 75.01 48.34 —356.65 86.89 58.51 —32.66 0.86323726 0.82617553 -4.29 1,745.32 1,011.27 -42.06
Rhode Island 74.86 43.64 =41.71 87.67 54.22 —38.16 0.85392207 0.80491637 =574 1,720.22 902.61 —47.53
South Carolina 86.28 55.68 -35.46 94.61 64.07 -32.27 0.91199295 0.8690594 -4.71 2,057.90 1,192.73 —42.04
South Dakota 58.68 4418 —24.71 68.06 5223 =23.26 0.86215578 0.84579772 -1.90 1,333.40 922.23 -30.84
Tennessee 96.35 62.81 —34.81 108.91 72.80 -33.16 0.88470414 0.86281268 -2.47 2,310.42 1,352.20 —41.47
Texas 79.75 40.49 —49.23 91.69 47.95 —47.71 0.86969489 0.84437888 -2.91 1,853.38 823.93 —55.64
Utah 35.15 24.66 -29.84 40.42 27.83 -31.15 0.86952157 0.88603725 1.90 778.23 507.32 —34.81
Vermont 72.40 4518 —37.60 82.52 57.01 —30.92 0.8773503 0.79253404 -9.67 1,611.03 964.66 -40.12
Virginia 86.35 46.08 —46.64 99.80 56.66 —43.23 0.86518786 0.81322896 -6.01 1,987.86 955.15 -51.95
Washington 64.47 36.82 —42.89 77.65 45.84 -40.96 0.83028554 0.80323194 -3.26 1,455.92 735.47 —49.48
West Virginia 91.56 64.86 -29.16 102.87 74.20 —27.87 0.89008911 0.8741369 -1.79 2,142.08 1,401.01 —34.60
Wisconsin 62.23 41.82 -32.81 75.44 52.568 —30.30 0.824939 0.79528081 —3.60 1,423.43 858.14 -39.71
Wyoming 60.02 33.04 -44.96 68.22 39.12 —42.65 0.87990937 0.84449071 -4.03 1,312.04 685.02 —47.79

|e 18 luep

NOTE. All indices are per 100,000 population.
Abbreviations: ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; DALY, disability-adjusted life year; Mlls, mortality-to-incidence indices.
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TABLE 3. 1990 and 2019 Female ASMRs, ASIRs, Mils, and DALYs, With Associated Percentage Changes, for Lung, Tracheal, and Bronchus Cancers in the Different States of the United States

State ASMR ASIR MII DALY

Female 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%)
United States 31.47 29.58 —6.01 38.89 38.35 =1.41 0.80912459 0.77132099 —4.67 781.95 633.83 -18.94
Alabama 31.64 37.24 17.71 36.89 44.28 20.04 0.85765806 0.84101797 -1.94 795.94 835.86 5.02
Alaska 38.97 33.17 -14.88 44.72 42.65 —4.63 0.87145078 0.77775491 -10.75 876.61 703.55 -19.74
Arizona 30.33 2573 -15.16 37.46 33.36 -10.94 0.80978798 0.77144421 —4.74 733.11 532.00 —27.43
Arkansas 33.59 38.50 14.63 39.77 46.20 16.19 0.84456901 0.83322853 -1.34 850.22 869.30 2.24
California 31.92 21.60 -32.33 38.58 28.50 -26.12 0.82730102 0.75775787 -8.41 778.20 434.32 —44.19
Colorado 24.24 23.43 =335 30.27 30.80 1.75 0.80082652 0.76066034 -5.02 578.05 467.89 -19.06
Connecticut 30.71 27.35 -10.95 40.69 37.19 -8.61 0.75469424 0.73537396 —2.56 757.69 570.84 —24.66
Delaware 37.58 32.99 -12.22 44.70 42.64 —4.62 0.84080102 0.77379198 -7.97 902.31 727.38 -19.39
District of Columbia 36.03 27.61 -23.37 38.44 32.84 -14.57 0.93739274 0.84085573 -10.30 947.67 041.44 -32.31
Florida 32.63 28.52 —12.60 40.79 BIA55 -7.94 0.79988504 0.75940996 —5.06 818.19 619.58 —24.27
Georgia 30.26 30.67 1.33 37.57 39.12 413 0.80559337 0.78391767 —2.69 769.34 653.85 -15.01
Hawaii 22.16 21.22 —4.26 28.31 28.73 1.47 0.78281214 0.73859065 =B,6f5 532.76 458.63 -13.91
|daho 25.62 26.64 3.99 31.69 34.37 8.43 0.80827309 0.77515737 =410 614.35 560.28 -8.80
lllinois 31.85 30.99 =271 38.60 40.25 4.28 0.82522698 0.7699282 -6.70 807.12 656.64 -18.64
Indiana 3294 3591 9.01 40.65 45.38 11.63 0.81030002 0.79127629 -2.35 820.24 800.74 -2.38
lowa 23.88 29.99 25.59 30.64 38.88 26.90 0.77927786 0.77121072 —1.04 595.02 658.34 10.64
Kansas 26.13 31.52 20.61 33.50 40.94 22.20 0.78012869 0.76996322 -1.30 647.12 682.48 5.46
Kentucky 38.62 46.52 20.43 51.12 63.08 23.39 0.75551233 0.73740645 —2.40 988.84 1,050.59 6.24
Louisiana 35.46 36.03 1.60 42.54 44.63 4,92 0.83351835 0.80715931 -3.16 891.24 799.23 -10.32
Maine 34.61 38.02 9.83 44.08 49.83 13.03 0.78513327 0.7628874 -2.83 843.33 823.40 -2.36
Maryland 37.09 29.18 -21.33 4457 37.19 -16.57 0.83201124 0.78455305 =570 905.85 621.90 -31.35
Massachusetts 33.09 30.44 —7.98 43.04 417.93 —2.59 0.76867707 0.72613657 =553 818.79 636.24 -22.30
Michigan 31.57 33.14 4,99 4214 44.85 6.42 0.74906576 0.73905572 -1.34 799.57 727.41 -9.02
Minnesota 25.88 28.83 11.39 34.90 40.15 15.05 0.74166071 0.71804621 =&,.1% 640.01 603.19 =B,7%
Mississippi 30.44 36.77 20.80 34.85 4274 22.65 0.87342214 0.86027431 =1.51 766.40 836.80 9.19
Missouri 33.47 &5.73 6.76 41.25 45.67 10.72 0.81139736 0.78234098 —3.58 846.59 794.98 -6.10
Montana 30.52 32.44 6.30 37.52 40.91 9.03 0.81321212 0.79288311 -2.50 733.20 ©688.12 -6.15
Nebraska 25.94 29.92 156.31 33.03 39.77 20.41 0.78547038 0.75219458 —4.24 637.84 656.42 2.91
Nevada 45.81 35.20 -23.17 53.60 43.64 -18.59 0.85464881 0.80655793 —5.63 1,060.24 704.67 —33.564
New Hampshire 818,53 33.88 1.06 4278 4597 7.46 0.78371761 0.73703673 -5.96 811.34 723.39 -10.84
New Jersey 32.86 28.47 -13.36 42.39 40.33 —4.86 0.77516816 0.705865 -8.94 809.40 600.03 —25.87
New Mexico 23.67 22.56 =472 28.00 26.82 -4.19 0.84566794 0.84096439 —-0.56 563.86 480.09 -14.86
New York 30.59 2518 —17.68 36.75 33.74 -8.19 0.83239837 0.74638259 -10.33 768.31 545.07 —29.06
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TABLE 3. 1990 and 2019 Female ASMRs, ASIRs, Mlls, and DALYs, With Associated Percentage Changes, for Lung, Tracheal, and Bronchus Cancers in the Different States of the United States

(continued)

State ASMR ASIR MIl DALY

Female 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%) 1990 2019 Change (%)
North Carolina 27.87 32.12 15.24 33.20 40.49 21.94 0.8393545 0.79324286 -5.49 705.34 696.78 =1.21
North Dakota 21.93 27.49 25.37 27.76 36.06 29.91 0.78983425 0.76,218,384 —3.50 536.29 616.69 14.99
Ohio 33.92 35.27 3.99 41.80 44.24 5.84 0.81147953 0.79727343 -1.75 845.28 776.55 -8.13
Oklahoma 33.35 36.73 10.14 40.91 44.57 8.94 0.81512212 0.82408546 1.10 836.50 816.29 —2.42
Oregon 35.70 31.16 =12.70 45.98 41.96 -8.74 0.77641545 0.74271585 -4.34 873.48 642.15 —26.48
Pennsylvania 31.39 31.11 -0.89 38.67 40.38 4.43 0.81185608 0.77048665 =510 775.96 675.33 -12.97
Rhode Island 31.81 34.32 7.89 39.72 46.18 16.25 0.80089749 0.74331254 =719 782.57 744.42 —4.88
South Carolina 28.63 32.49 13.49 33.00 39.67 20.18 0.86734568 0.81907912 -5.56 727.52 717.92 -1.32
South Dakota 23.41 28.76 22.86 28.90 36.67 26.86 0.81001923 0.78448482 =3,15 573.53 643.14 12.14
Tennessee 30.89 37.54 21.53 36.93 46.26 25.28 0.83650343 0.81145084 -2.99 792.03 838.18 5.83
Texas 31.60 26.37 -16.57 38.48 33.1B -13.86 0.82114927 0.79533605 -3.14 777.02 549.29 —29.31
Utah 13.90 16.32 17.39 16.59 19.77 19.21 0.83797388 0.82522466 -1.52 329.70 342.86 3.99
Vermont 29.28 31.33 7.00 35.45 42.65 20.32 0.82617914 0.73465916 -11.08 701.45 691.20 —1.46
Virginia 33.57 29.74 =11.41 41.19 39.10 -5.09 0.8149132 0.76060293 —0.66 821.21 629.45 -23.35
Washington 33.07 28.75 —13.06 42.80 38.00 =11.21 0.77263441 0.75654418 -2.08 803.18 584.56 =27.22
West Virginia 36.66 41.63 13.57 43.57 50.82 16.66 0.8414349 0.81920148 -2.64 910.57 953.46 471
Wisconsin 26.41 29.34 11.10 34.54 39.99 15.79 0.7646383 0.73366981 —4.05 655.93 629.96 -3.96
Wyoming 28.22 27.91 -1.09 34.15 35.35 3.51 0.82638962 0.78966398 —4.44 662.74 610.48 -7.89

|e 18 luep

NOTE. All indices are per 100,000 population.
Abbreviations: ASIR, age-standardized incidence rate; ASMR, age-standardized mortality rate; DALY, disability-adjusted life year; Mlls, mortality-to-incidence indices.




Burden of Lung Cancer in the United States

decrease, both nationally and for all 51 US states. However,
these rates were observed to be increasing in most states for
females.

We observed a persistent gender-based disparity in lung
cancer incidence and mortality, as ASIRs and ASMRs were
higher in males than females. This was concordant with our
previous findings from the trends we extracted from the CDC
Wonder database.'* However, the magnitude of the gap in
male-female lung cancer incidence and mortality is de-
creasing over time. This is probably due to a relatively higher
decrease in these rates in males, as opposed to an increase in
females, although the latter has been described in previous
studies, especially in young White and Hispanic women.*>*¢
Recent cancer statistics suggest an accelerating decrease in
lung cancer incidence, with an absolute number of new lung
cancer cases in 2022 projected to be higher in females than
males for the first time in the United States.’” Some authors
attributed this increasing incidence and mortality in females
to their higher susceptibility to tobacco carcinogens than
males.’®2° However, another study concluded that despite
this higher susceptibility to tobacco carcinogens, females
still demonstrate a lower mortality rate from lung cancer
compared with males, suggesting that if lung cancer is more
commonly curable in women, then the need to screen
women at a lower threshold than men is warranted.> Thus,
the increasing incidence and mortality in females seem to be
multifactorial and cannot be fully explained by smoking
behaviors itself.’® A study on lung cancer screening in the
Health Information National Trends Survey revealed that
females were 32% less likely to be informed about lung
cancer screening than males.?? At the same time, many trials
described a higher benefit of the screening and early de-
tection of lung cancer in females than in males.?>5 Thus,
further work is needed to increase awareness of female lung
cancer screening, and future studies are needed to evaluate
possible causes, likely genetics including molecular targets
(epidermal growth factor receptor [EGFR]), for increasing
trends in females.

The decreasing MIIs of lung cancer can be attributed to the
advancements in treatment depending on the histologic
subtype. At the same time, the tobacco epidemic remains
closely tied to the incidence and mortality of lung cancer,
ranking as the topmost risk factor for this disease.?® Lung
cancer mortality rates have shown a pattern mirroring the
smoking epidemic but with an approximate 8-year lag.>”:>
Notably, despite a decline in the number of smokers, there has
been an increase in lung cancer cases among nonsmokers.2%:3°
This increase is particularly pronounced in cases of adeno-
carcinoma within non—small-cell lung cancer (NSCLC).?°
Analysis of lung cancer histology in the United States
through 2010 reveals that rates of squamous, large-cell, and
small-cell carcinomas have continued to decline across all
sexes and racial groups. By contrast, rates of adenocarcinoma
have remained relatively steady in males and have been in-
creasing in females.3' Furthermore, among all racial and
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ethnic groups, young females have exhibited higher rates of
adenocarcinoma than their male counterparts.3> Overall, these
trends indicate a shifting paradigm within NSCLC accompa-
nied by a reduction in smoking habits.

Therefore, the need for biomarkers identifying the under-
lying genetic risk factors in nonsmokers has become a
focal point of current research.*3* The mortality from
NSCLC particularly decreased substantially after the routine
testing for molecular alterations in EGFR and anaplastic
lymphoma kinase and the approval of targeted therapy in the
United States, such as the PD-1—-PD-L1 inhibitors.?53% De-
spite the limited advancements in treating SCLC, the de-
creasing mortality relative to this histologic subtype can be
attributed to a decrease in the incidence itself.3%3> As the
incidence of SCLC is highly correlated with smoking, most of
the decrease in its incidence is largely attributable to the
significant reduction in smoking rates in the United States
since the 1960s.28:37-4°

The study’s strength lies in the analysis of trends rather
than absolute annual mortality rates. This allows for the
assessment of population-level trends over an extended
observation period using the annual mortality data collected
from the GBD. However, the GBD database has some limi-
tations that the GBD study collaborators have previously
elaborated on. The first limitation is the alteration in
the data coding system and country-specific practices over
the study period, particularly the transition from ICD9 to
ICD10. However, the GBD authors address this by mapping
mortalities to the cause-of-death lists for coding system
adjustments. The second limitation would be the variable
reliability of death certification, with global error rates
ranging from 39% to 61%.%"%> Nonetheless, the United States
was ranked among the best regions with higher quality civil
registration and vital statistics.** Furthermore, the GBD uses
garbage code distribution algorithms and corrections to label
deaths resulting from poorly defined diagnoses or those
that cannot scientifically be the sole underlying cause of
death.4>4¢ The third limitation is the inability to subcate-
gorize the individual histologic subtypes of lung cancer
from the GBD study result tool. This should be considered
when interpreting the results as the histopathologic subtypes
and stages of lung cancer result in varying clinical significance
and management. Finally, our study is observational; there-
fore, we could not conclude causal inferences, and we could
not account for certain potential confounders despite using
gender-specific and age-standardized incidence and mor-
tality rates.

In conclusion, over 30 years in the United States, the inci-
dence, mortality, and DALYs decreased nationally and in all
states in both sexes combined and males. However, the
numbers were increasing in most states for females, which
warrants further attention. For both sexes, MIIs decreased in
all states, probably because of a decrease in incidence and
advancements in treatment.
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