Lung Cancer Statistics
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Abstract Lung cancer is the leading cause of cancer death among both men and
women in the United States. It is also the leading cause of cancer death among men
and the second leading cause of cancer death among women worldwide. Lung can-
cer rates and trends vary substantially by sex, age, race/ethnicity, socioeconomic
status, and geography because of differences in historical smoking patterns. Lung
cancer mortality rates in the United States are highest among males, blacks, people
of lower socioeconomic status, and in the mid-South (e.g., Kentucky, Mississippi,
Arkansas, and Tennessee). Globally, rates are highest in countries where smoking
uptake began earliest, such as those in North America and Europe. Although rates
are now decreasing in most of these countries (e.g., United States, United Kingdom,
Australia), especially in men, they are increasing in countries where smoking uptake
occurred later. Low- and middle-income countries now account for more than 50 %
of lung cancer deaths each year. This chapter reviews lung cancer incidence and
mortality patterns in the United States and globally.
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Introduction

Lung cancer was rare before the twentieth century, [1] but is now the leading cause
of cancer death in both men and women in the United States, accounting for 27 %
of cancer deaths in 2014 [2]. Lung cancer is also the leading cause of cancer death
in men and the second leading cause of cancer death (after breast cancer) in women
worldwide [3]. It was estimated that 1.8 million new lung cancer cases and 1.6 million
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lung cancer deaths occurred in 2012 worldwide, accounting for about 19 % of all
cancer deaths [3]. Worldwide variation in the lung cancer burden and trends are primar-
ily driven by historical differences in the uptake and reduction in tobacco use [4].

Common Indicators in Cancer Statistics

Incidence

Cancer incidence is the number of newly diagnosed cancer cases in a population
during a specific time period, usually expressed as a rate per 100,000 persons.
The numerator includes only cases diagnosed during the given time period, and
only primary sites (i.e., metastatic cancers are not counted). The denominator
includes only the population at risk for that type of cancer. For example, males
would not be included in the denominator for cervical cancer incidence rates,
because they are not at risk for cervical cancer.

Age-standardized rates (ASR) are used to compare cancer occurrence between two
or more populations with different age structures. It is necessary to account for differ-
ences in population age distributions because the frequency of cancer generally increases
with age (except for some types of cancers in children). For instance, crude (unstandard-
ized) lung cancer incidence rates are much lower for men in Alaska (a young popula-
tion) compared to men in Florida (an older population); however, once they are age
adjusted, the rates are virtually the same. Age-standardized rates are constructed by
taking a weighted average of the rates in each 5 year age group, where the weights are
the proportion of persons in that age group in a defined “standard population.”

Mortality

Cancer mortality is the number of cancer deaths in a population during a given time
period, usually expressed as a rate per 100,000 persons. The numerator includes
only deaths which occurred during the given time period, and the denominator
includes only the population at risk for that type of cancer. Cancer mortality rates
reflect both incidence and survival. For cancers with universally high case fatality,
such as lung and pancreatic cancers, mortality rates may sometimes be used as a
proxy for incidence rates.

Survival

Cancer survival is the length of time a person lives following cancer diagnosis.
Relative survival represents the percentage of cancer patients who are living after a
specified time period since cancer diagnosis compared to the expected survival of a
cancer-free population of the same age, race, and sex.
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Data Sources

Incidence and Mortality in the United States

Incidence rates for 20062010 were obtained from the North American Association
of Central Cancer Registries (NAACCR)’s Incidence-CiNa Analytic File [5]. The
file contains incidence data from the Surveillance, Epidemiology, and End Results
(SEER) Program of the National Cancer Institute and the National Program of
Cancer Registries (NPCR) of the Centers for Disease Control and Prevention
(CDC). Together, SEER and the NPCR collect cancer incidence data for the entire
United States population [6]. Incidence trends for whites and blacks were based on
data from SEER (9 registries), covering 1975-2010; for other racial/ethnic groups,
SEER (13 registries) data covering 1992-2010 were used. Five-year survival rates
were based on cases diagnosed from 2003 to 2009 and followed through 2010 in
SEER areas (18 registries).

Mortality data for the United States are obtained from the CDC’s National Center
for Health Statistics (NCHS) through the SEER Program’s SEER*Stat database [7].
The accuracy of recording lung cancer as an underlying cause of death is high in the
United States, with death certificates capturing about 89 % of lung cancer deaths in
one study [8]. All incidence and mortality rates are age-standardized to the 2000
United States standard population.

Global Incidence and Mortality

Incidence and mortality rates for 2012 were obtained from GLOBOCAN 2012,
published by the International Agency for Research on Cancer (IARC). GLOBOCAN
estimates cancer incidence and mortality rates in each country of the world using dif-
ferent methods depending on the accuracy and availability of data [9]. Coverage of
population-based cancer registries ranges from 1 % in Africa, 6 % in Asia, and 8 % in
Latin America to 42 % in Europe, 78 % in Oceania, and 95 % in North America [10].
Mortality data are available for about one third of the world population, and are gener-
ally of higher quality in high-income countries [11]. IARC also makes available his-
toric incidence and mortality data in its Cancer Incidence in Five Continents database
[10] and World Health Organization Cancer Mortality Database [12]. Global inci-
dence and mortality rates were age-standardized to the 1960 world standard popula-
tion, and therefore cannot be compared to the United States rates which are generally
age-standardized to the 2000 United States standard population.

Lung Cancer Patterns in the United States

Lung cancer rates and trends in the United States vary dramatically by demographic and
geographic characteristics such as sex, age, race/ethnicity, state, and socioeconomic
status, with incidence and mortality showing generally similar patterns because of
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the low survival rate [13]. Most of these differences reflect differences in smoking
patterns, [4] with lung cancer death rates beginning to increase at the population
level two to three decades after widespread smoking has begun and peaking three to
four decades after peak smoking in the population [14]. Cigarette smoking is by far
the most important risk factor for lung cancer; 82 % of lung cancer deaths in the US
are due to smoking [15].

Age

Lung cancer takes decades to develop after smoking initiation, and is thus rare
before age 30 and peaks in the elderly (Fig. 1). Lung cancer rates tend to drop off
after around 80 years, likely due to competing mortality from other causes or dimin-
ished accuracy of classification [16].

During 2006-2010, the average annual lung cancer incidence rate among United
States men ranged from 1.3 cases per 100,000 in age 30-34 years to 585.9 in age
85-89 years. Among women, incidence ranged from 1.4 in age 30-34 years to
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365.8 in age 75-79 years. The median age at diagnosis of lung cancer of men and
women combined was about 70 years, with approximately 10 % of cases occurring
in those younger than 55 years, 53 % in those 55-74 years, and 37 % in those 75
years and older [17].

Mortality patterns by age closely follow incidence patterns. In 2006-2010, mor-
tality rates among men ranged from 0.6 per 100,000 among those 30-34 years to
522.8 among those 80—84 years. Mortality rates among women ranged from 0.5 per
100,000 among those 30-34 years to 291.2 among those 80-84 years. The median
age at death from lung cancer for men and women combined was about 72 years,
with about 9 % of deaths occurring among those younger than 55 years, 50 % in
those 55-74 years, and 41 % in those 75 years and over [17].

Race/Ethnicity

During 2006-2010, male lung cancer incidence rates were highest among blacks
(94.7 per 100,000), followed by non-Hispanic whites (82.9 per 100,000), American
Indians/Alaska Natives (70.2 per 100,000), Asians/Pacific Islanders (48.8 per
100,000), and Hispanics (45.9 per 100,000) (Fig. 2). Among women, incidence rates
were highest among non-Hispanic Whites (59.9 per 100,000), followed by American
Indians/Alaska Natives (52.1 per 100,000), Blacks (50.4 per 100,000), Asians/Pacific
Islanders (28.0 per 100,000), and Hispanics (26.6 per 100,000) (Fig. 2). These differ-
ences primarily reflect historical smoking patterns. Historically, black men smoked
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Fig. 2 Lung cancer incidence and mortality rates by sex and race/ethnicity, United States, 2006—
2010. Rates are per 100,000 and age-adjusted to the 2000 U.S. standard population. Nonwhite race
categories are not mutually exclusive of Hispanic origin (Source: Siegel et al. [2])
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at higher rates than white men and men of other racial/ethnic groups. In contrast,
black and white women historically smoked at similar rates. However, in the past few
decades, black teenagers initiated smoking at lower rates than white teenagers.

Among males, Blacks have the highest mortality rates, followed by non-Hispanic
Whites; among females, non-Hispanic Whites have the highest mortality rates, fol-
lowed by Blacks. Among both males and females, these are followed by American
Indians/Alaska Natives, Asians/Pacific Islanders, and Hispanics (Fig. 2). However, it
is worth noting that significant heterogeneity in lung cancer rates exist within these
broad racial/ethnic groups according to geography and subpopulation. For instance,
lung cancer incidence rates in 1999-2004 among American Indian/Alaska Native
men range from 22.1 per 100,000 in the Southwest to 116.5 in Alaska. Among
women, incidence rates in 1999-2004 range from 10.3 per 100,000 in the Southwest
to 97.4 in the Northern Plains [18]. Among Asian Americans, lung cancer incidence
rates in 2004-2008 ranged from 30.1 per 100,000 among Asian Indian and Pakistani
men to 73.4 among Vietnamese men, while they ranged from 12.1 per 100,000
among Asian Indian and Pakistani women to 31.8 among Vietnamese women [19].

In men, lung cancer mortality rates have been decreasing in all racial/ethnic
groups except American Indians/Alaska Natives during the most recent time period
(Fig. 4). However, the magnitude of the decreases vary by race/ethnicity. From 2001
to 2010, rates decreased annually by an average of 3.3 % in Black males, 2.8 % in
Hispanics, 2.4 % in Whites, and 1.6 % in Asians/Pacific Islanders, while rates were
stable in American Indians/Alaska Natives [20]. Among females, lung cancer mor-
tality rates are decreasing among all racial/ethnic groups except American Indians/
Alaska Natives and Asians/Pacific Islanders (Fig. 4). From 2001 to 2010, rates
decreased annually by an average of —1.1 % in Hispanic females, —1.0 % in Black
females, and —0.9 % in Whites, while rates remained stable in American Indians/
Alaska Natives and Asians/Pacific Islanders [20].

Sex

Lung cancer mortality rates among females have historically been lower than males,
peaking at about 40 deaths per 100,000, or about half of the peak rate of 90 deaths
per 100,000 among males (Fig. 3). These patterns are similar when broken down by
racial/ethnic group (Fig. 4).

Lung cancer incidence and mortality among males began to increase around the
1920s following the uptake of smoking among men around the turn of the twentieth
century [1]. Lung cancer mortality has been decreasing among men since the early
1990s, reflecting widespread smoking cessation that began around 1964 with the
release of the United States Surgeon General’s report, which concluded that smoking
was causally related to lung cancer [21]. Lung cancer incidence and mortality rates
among women began to increase in the 1960s (Fig. 3), reflecting the later uptake of
smoking among women around the 1930s and 1940s [22]. Smoking cessation among
women in the United States began around the 1980s, [22] and mortality rates have
been decreasing among women since the 2000s [17].
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Fig. 3 Lung cancer mortality rates by sex, United States, 1930-2010. Rates are per 100,000 and
age-adjusted to the 2000 U.S. standard population. Due to changes in ICD coding, numerator
information has changed over time; rates include deaths from lung, bronchus, pleura, trachea,
mediastinum, and other respiratory organs (Source: US Mortality Volumes 1930-1959, US
Mortality Data 1960-2010, National Center for Health Statistics, Centers for Disease Control and
Prevention)
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Fig. 4 Lung cancer mortality rates by sex and race/ethnicity, United States, 1975-2010. Rates are
per 100,000 and age-adjusted to the 2000 U.S. standard population. Rates for American Indians/
Alaska Natives are based on the Contract Health Service Delivery Area counties. Hispanic is not
mutually exclusive from whites, blacks, Asian/Pacific Islanders, and American Indians/Alaska
Natives. Data for whites rather than non-Hispanic whites is presented because ethnicity data was
not available prior to 1990. Mortality data for Hispanics exclude cases from Connecticut, the
District of Columbia, Louisiana, Maine, Maryland, Minnesota, Mississippi, New Hampshire,
New York, North Dakota, Oklahoma, South Carolina, Vermont, and Virginia. Abbreviations:
AI/AN American Indian/Alaska Native; A/PI Asian/Pacific Islander
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Socioeconomic Status

Lung cancer rates are primarily linked to socioeconomic status through smoking
patterns. In the United States, those with more education and resources are more
likely to quit or not initiate smoking [23, 24]. In 2012, smoking prevalence among
adults was 32.1 % among those with a 9—11th grade education, 23.1 % among those
with a high school education, and 9.1 % among college graduates [25]. The smoking
prevalence among those below the poverty threshold was 27.9 %, while the preva-
lence among those at or above the threshold was 17.0 % [25]. People with a high
school diploma or an incomplete high school education are less likely than those
with a partial or complete college education to attempt to quit smoking [26].

The higher smoking prevalence among individuals of lower socioeconomic status
is reflected in higher lung cancer rates. Among a cohort of US cancer patients
diagnosed between 1973 and 2001, the lung cancer incidence rate among men with
less than a high school diploma was 166.6 per 100,000, while the rates among high
school graduates and college graduates were 123.9 and 57.6, respectively. The
relationship was similar among women, with an incidence rate of 71.6 among those
with less than a high school diploma, followed by rates of 59.1 among high school
graduates and 35.9 among college graduates [27]. In the same cohort, rates also
demonstrated a similar trend by family income, ranging from 91.0 per 100,000
among men in the highest income group to 150.9 among men in the lowest income
group; rates among women were 45.9 in the highest income group and 81.4 in the
lowest income group [27].

Geographic Variation

There is significant regional and state variation in lung cancer rates (Table 1) [13].
Among males, lung cancer mortality rates during 20062010 ranged from 27.5 in
Utah to 97.1 in Kentucky. Rates were also high in Mississippi (95.4), Arkansas
(90.1), Tennessee (89.5), and Alabama (87.4). The lung cancer burden is generally
highest in states where tobacco has historically been grown and processed [13].
In addition to Utah, mortality rates were low in New Mexico (43.4), Colorado
(44.2), California (47.2), and Hawaii (48.8). Among females, mortality rates during
2006-2010 ranged from 16.8 in Utah to 55.8 in Kentucky. The low rates in Utah can
be attributed to the cultural prohibition against smoking among the large Mormon
population [13]. Other states with low rates include Hawaii (25.9), New Mexico
(28.6), Colorado (31.3), and North Dakota (32.2). Other states with high rates in
women were West Virginia (50.9), Delaware (47.7), Indiana (46.7), Oklahoma
(46.6), and Tennessee (46.6).

There is substantial variation in lung cancer mortality trends by state relative to
the national trends. While the lung cancer death rate has been decreasing among
men in the United States, the trends vary by state. For instance, the rates of decrease
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Fig. 5 Lung cancer 5 year relative survival and stage distribution, United States, 2003-2009
(Source: Howlader [17])

in California, which was the first state to enact comprehensive tobacco control
measures, are nearly twice that of many states in the Midwest and South [13].
Among females, while overall national lung cancer death rates have leveled off and
begun to decrease, rates in several states in the Midwest and South continue to
increase [13, 28]. These states are characterized by low excise taxes on cigarettes
and lack of other tobacco control policies [28].

Survival

Lung cancer survival is low and has seen only marginal increases since the mid-
1970s [17]. Based on data from the nine oldest SEER registries, the 5 year relative
survival rate increased from 12 % for patients diagnosed during 1975-1977 to 18 %
for those diagnosed during 2003-2009 [17].

Cancer survival depends largely on stage at diagnosis (Fig. 5). For lung cancer
patients diagnosed in 2003-2009, the 5 year relative survival rate was 54 % for
localized stage disease, 26 % for regional stage, and 4 % for distant stage [17].
However, only 15 % of cases were diagnosed at the localized stage, while 22 %
were diagnosed at the regional stage and 57 % were diagnosed at the distant
stage [17].

Survival is lower in blacks (14 %) than in whites (18 %) [17] because blacks are
less likely to receive standard treatment and are more likely to be diagnosed at an
advanced stage (Fig. 5). Survival also declines with age. The 5 year relative survival
rate for those diagnosed before the age of 45 is 27 %, compared to 19 % among those
diagnosed at ages 55—64 and 12 % among those diagnosed at age 75 or greater [17].
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Global Lung Cancer Patterns

Worldwide, lung cancer is the leading cause of cancer death in men and the second
leading cause of cancer death in women, with approximately 1.8 million new cases
and 1.6 million deaths annually [3]. Across the world, the lung cancer burden varies
substantially across countries and regions.

Global Variations in Incidence and Mortality

The significant worldwide variation in lung cancer rates largely reflects differences
in the stage and degree of the tobacco epidemic, though differences in air pollution
are also a factor. Among males, the highest incidence and mortality rates occur in
Central, Eastern, Southern, and Western Europe, Northern America, Micronesia/
Polynesia, and Eastern Asia (Figs. 6 and 7), whereas the lowest rates occur in
Middle, Western, and Eastern Africa. Overall, incidence rates range from 1.7 per
100,000 in Western Africa to 53.5 in Central and Eastern Europe, while mortality
rates range from 1.5 in Western Africa to 47.6 in Central and Eastern Europe [3].
In men, lung cancer incidence rates are about 50 % higher in more-developed
regions (44.7 cases per 100,000) compared to less-developed regions (30.0 per
100,000) [3]. However, due to their larger populations, less-developed regions
accounted for about 60 % (1.1 million out of 1.8 million) of all lung cancer cases in
2012 [3]. The lung cancer burden among males is predominantly shaped by smoking

Males Females

Northern America
Northern Europe
Australia/New Zealand
Western Europe

Cent. and E. Europe
Eastern Asia
Southern Europe
Northern America

Western Europe Eastern Asia
Micronesia/Polynesia Micronesia/Polynesia
Western Asia Caribbean

Northern Europe
Australia/New Zealand
South-Eastern Asia
Southern Africa
Caribbean

South America
Northern Africa
Melanesia
South-Central Asia
Central America

Southern Europe
South America
South-Eastern Asia
Cent. and E. Europe
Southern Africa
Western Asia
Melanesia

Central America
South-Central Asia

[ Incidence Northern Africa

Eastern Africa ; Eastern Africa
Middle Africa - Mortality Western Africa
Western Africa Middle Africa
| I I ] | I I ]
0 20 40 60 0 20 40 60
Age-standardized rate Age-standardized rate

Fig. 6 Lung cancer incidence and mortality rates by sex and world region, 2012. Rates are per
100,000 and age-adjusted to the 1960 world standard population (Source: Ferlay [3]. Accessed on
12/13/2013)
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Fig. 7 International variation in lung cancer mortality by sex, 2012. Rates are per 100,000 and
age-adjusted to the 1960 world standard population (Source: Ferlay [3]. Accessed on 3/5/2014)
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patterns, although other factors, such as air pollution and occupational exposures,
also play a role [29].

Among females, the highest incidence and mortality rates occur in Northern
America, Northern and Western Europe, Australia/New Zealand, and Eastern Asia
(Figs. 6 and 7). The lowest rates occur in Middle, Western, Eastern, and Northern
Africa. Overall, incidence rates among females range from 0.8 per 100,000 in
Middle Africa to 33.8 in Northern America, while mortality rates range from 0.7 in
Middle Africa to 23.5 in Northern America [3]. By country, mortality rates vary
from 0.0 in Comoros, Samoa, and Niger to 30.7 in North Korea [3]. The lung cancer
burden among females, while largely linked to smoking patterns, is also related to
other risk factors including air pollution and occupational exposures [29]. In Eastern
Asia in particular, where smoking among women remains uncommon, indoor air
pollution from cooking and heating plays a significant role [29, 30].

Variation in the lung cancer burden exists not only across regions, but also across
countries and even within each country. For example, in Africa, male lung cancer
incidence rates range from 0.4 per 100,000 in Niger to 32.3 in La Reunion. In many
countries, there is also wide variation in lung cancer rates within the country [3]. For
instance, in Singapore among men, lung cancer rates for the Indian population are
17.4 per 100,000, compared to 34.0 in the Malay population and 44.7 in the Chinese
population [10]. In females, variation within regions and within countries is also nota-
ble. For example, in Eastern Europe, incidence rates range from 6.1 per 100,000 in
Ukraine to 33.2 in Hungary [3]. In New Zealand, lung cancer incidence is 25.0 per
100,000 among Pacific Islanders and 79.0 among the Maori population [10].

Survival

Survival for lung cancer is poor and does not vary a great deal between high-income
and low- and middle-income countries, although high-income countries may have
slightly better survival rates due to improved detection and access to treatment. For
example, 5 year relative survival for lung cancer is 7 % in India and 9 % in Thailand,
compared to 17 % in Australia and 18 % in Canada [31].

Global Trends in Incidence and Mortality

In countries where smoking uptake began earliest, such as Canada, the United
States, United Kingdom, and Australia, lung cancer incidence and mortality rates
among males have been declining since the 1970s—1990s [12]. Rates among males
are now also declining in most countries of Europe and North America, as well as
select countries in South America (Argentina, Chile, Costa Rica, Mexico) and
high-income populations of Asia, such as Hong Kong, Singapore, Japan, and South
Korea [12]. In contrast, in countries where the smoking epidemic began more
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recently, including low- and middle-income countries of South America and Asia,
lung cancer mortality rates continue to rise [12]. Little incidence and mortality data
exists for Africa, but evidence suggests that smoking is becoming more prevalent
among males in many countries in Sub-Saharan Africa, [32] which could lead to
increasing lung cancer rates in the future.

Lung cancer trends among women differ from those among men due to a dif-
ferent progression of smoking uptake. In countries where smoking uptake among
women began earlier, lung cancer incidence and mortality rates are approaching a
peak or have peaked in recent years. For instance, lung cancer mortality rates
among adult women aged 30-74 in Denmark and the United States have been
decreasing since 1995 and 1992 respectively, and rates in Canada have been stable
since 1996 [33]. In other countries where the tobacco epidemic began later, espe-
cially in Western and Southern Europe and most countries of Eastern Europe and
South America, rates continue to increase [33]. In many low- and middle-income
countries where the tobacco epidemic has not yet begun, limited evidence indi-
cates that lung cancer rates have remained low. For these countries, however, data
is scarce, and detecting lung cancer trends may be difficult. Smoking among
women is on the rise in many countries where it was previously rare, such as
Russia and Ukraine, which will likely lead to increasing lung cancer rates in the
future [34, 35].

Summary

Lung cancer is the leading cause of cancer death in the United States in both men and
women. Patterns are primarily driven by smoking. Rates are highest in males, people
of lower socioeconomic status, and in certain states of the South and Midwest. Lung
cancer incidence and mortality rates at the national level are decreasing among both
males and females, although trends are not equal across demographic or geographic
groups. For instance, lung cancer mortality rates continue to rise among females in
select states of the South and Midwest. As people of higher socioeconomic status
are now less likely to initiate smoking and are more likely to quit, the burden of lung
cancer in the United States also falls increasingly to those of lower socioeconomic
status.

Worldwide, lung cancer is the leading cause of death among men and the second
leading cause of death among women, after breast cancer. Lung cancer incidence and
mortality rates are highest in high-income countries such as those in Europe, North
America, and Oceania where smoking uptake occurred earliest, although rates are
now decreasing in many of these countries. Rates are also high in Eastern Asia,
driven by a rapid uptake of smoking among males and exposure to indoor air pollu-
tion among females. Rates continue to increase in many low- and middle-income
countries where smoking uptake occurred later. Lung cancer deaths can be averted
through tobacco control measures aimed at prevention of smoking initiation as well
as smoking cessation.
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