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Background: On April 15, 2021, the Surveillance, Epidemiology, and End Results (SEER)
database released the latest lung cancer follow-up data. We selected 922,317 lung cancer
patients diagnosed from 2000 to 2017 for survival analysis to provide updated data for lung
cancer researchers.

Research Question: This study explored the latest trends of survival time in terms of
gender, race, nationality, age, income, address, histological type and primary site.

Study Design and Methods: The SEER database covers 27.8% of the US population. We
used life table, Kaplan—Meier, log-rank, Breslow and Tarone-Ware tests to calculate survival
rate, time, and curve and to compare differences in survival distribution. We performed
univariate and multivariate Cox proportional hazards analyses.

Results: The median survival time of all lung cancer patients diagnosed in 2017 increased
by 41.72% compared to 2000. Median survival time of female patients diagnosed in 2017
increased by 70.94% compared to 2000. Median survival time of those diagnosed in 2017 for
different primary sites was as follows: right middle lobe was the longest, then left lower lobe,
right upper lobe, right lower lobe, and left upper lobe. Lung cancer patients older than 75
years had a significantly shorter median survival time. Patients living in metropolitan areas of
250,000 to 1 million had a longer median survival time. Median survival time in the
adenocarcinoma group was significantly greater than other patients. Median survival of
Asian and other races diagnosed in 2017 was 97.87% higher than those diagnosed in
2000. Survival rate of lung cancer increased gradually with the year of diagnosis.
Interpretation: The rapid improvement of the prognosis of female and young lung cancer
patients contributes to the improvement of the overall prognosis. Primary lung cancer in the
right middle lobe has the best prognosis.

Keywords: Cox regression analysis, Kaplan Meier survival analysis, lung cancer, prognosis,
SEER

Introduction
The Surveillance, Epidemiology, and End Results (SEER) database released the
most recent lung cancer follow-up data on 15 April 2021 (https://www.cancer.gov).

Although previous articles' > analyzed patient survival,*® these predated this
release and therefore the data were not up to date. Our study therefore aimed to
provide lung cancer researchers with accurate and updated survival data.

SEER is an authoritative source of cancer statistics in the United States and the
SEER Program provides statistics on the cancer burden among the US population.
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The SEER database collects and publishes cancer inci-
dence and survival data from population-based cancer
registries. These data are collected on every cancer case
reported from 18 US geographic areas. Because these
areas are representative of the entire US population,
SEER can account for diverse populations. SEER also
reports mortality data, which are provided by the
National Center for Health Statistics.”

Our study analyzed the survival of 922,317 lung cancer
patients diagnosed from 2000-2017 in detail. Grouped by
gender, race, ethnicity, age, income, address, histologic
type, and primary site, respectively, our study found
large variations in survival times and conditions among
different groups of lung cancer patients by factors, and this
variation has further expanded in recent years. And we
tabulated the hazard ratios corresponding to each group in
each item in detail.

We consider our study meaningful in being able to
inform researchers and policy makers on the survival
differences of lung cancer patients from different perspec-
tives and to support the latest data in research and policy.
It may help public health authorities and policy makers to
identify and monitor public health problems and focus
interventions to reduce potential excess deaths in these

areas.g

Methods

Data Sources

We selected 922,317 lung cancer cases from the latest
available data from the SEER database on April 15,
2021. Incidence - SEER Research Data, 18 Registries,
Nov 2020 Sub (2000-2018). SEER 18 covers approxi-
mately 27.8% of the US population (based on the 2010
census). Geographic areas (registries) covered San
SMSA, Detroit
(Metropolitan), Hawaii, lowa, New Mexico, Seattle
(Puget Sound), Utah, Atlanta (Metropolitan), San Jose-

Monterey, Los Angeles, Alaska Natives, Rural Georgia,

Francisco-Oakland Connecticut,

California excluding, Kentucky, Louisiana, New Jersey,
and Greater Georgia. We selected 13 entries including
ID, survival months, status, sex, age, year of diagnosis,
race recode (White, Black, American Indian/Alaska
Native, Asian or Pacific Islander), origin recode the
National Health Insurance Authority (Hispanic, Non-
Hispanic), primary site-labeled, laterality, median house-
hold income inflation adjusted to 2019, the Rural-Urban
Code, and ICD-O-3

Continuum (International

Classification of Disease for Oncology-3) histologic type,
The specific type of histologic type is shown in Table S1,
but all lung tumors designed for this study refer to malig-
nancies of the lung. Epithelial neoplasms including small
cell carcinoma. Unless otherwise indicated, all text within
the National Cancer Institute (NCI) products is free of
copyright and may be reused without permission. Credit
the NCI as the source. Each entry is integrated and
grouped, and the specific grouping is shown in Table 1.

Data Processing and Statistical Analysis
Because the data volume and analysis items were too large
and limited to the length of the paper, the focus was briefly
described in the results, and detailed and specific contents
are detailed in the tables, figures, and other supplementary
materials. We used frequency function statistics, and sta-
tistical analysis was performed with SPSS v. 24 (IBM). We
used GraphPad Prism 8 to plot the trend of median survi-
val time in different subgroups. We performed life table
analysis, Kaplan Meier survival analysis, univariate and
multivariate Cox proportional hazards analysis to analyze
patient data.

rank (Mantel-Cox),
Wilcoxon) and Tarone-Ware tests were used to compare

Log Breslow  (generalized
the distribution of survival data between groups. To
explore the factors influencing survival time (survival
speed) and predict survival probability, we used univariate
and multivariate Cox proportional hazard analysis using
the backward Wald method. Taking the first group of each
project as the comparison object, the confidence interval of
the Hazard Ratio (HR) was 95%, the step probability of
entering was 0.05, the step probability of going out was
0.10, and the maximum number of iterations was 20.

Results

The median survival time of all lung cancer patients diag-
nosed in 2017 (14.030 months) increased by 41.72% com-
pared with 2000 (9.900 months). Table 1 describes the 3-,
5-, and 10-year survival rates, median survival time, and
mean survival time according to the variables defined in
the Methods section. Table 2 describes the chi square and
P values of the three test methods of population compar-
ison and pairwise comparison in Kaplan Meier survival
analysis. Figure 2 shows the survival curves according to
primary lung cancer site and patient demographics. Table 3
describes the univariate and multivariate Cox proportional
HR, for which the first group of each item is taken as the
comparison object.
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eorz388 gRIg|ES Sex
dEds~c22 Jg3g g“_g The median survival time of female patients increased
PP, E E& faster than in males (Figure 1A and B). The median
; g g g 2 E § § § § é ET;-E survival time of female patients diagnosed in 2017
P §_§ (18.000 months, Table S2) increased by 70.94%
sss°28% &§s353 i;;g (Table S3) compared with 2000 (10.530 months,
3= Table S1). In males, the trend was similar although the
232998 @RS ijﬁ increase was smaller: from 9.450 months in 2000 to
qufgcsa dgdge gg 11.540 months in 2017 (Table S2), an increase of
% gﬁ 22.12% (Table S3). Surprisingly, the difference in median
©33333F S3%: (5@ survival time between female and male patients increased
=S =s=°=2 TEEV \E '_5 from 1.08 months to 6.46 months (Table S2). The 3-, 5-,
882gBR8 £%38 _é g and 10-year survival rates for female patients were 23%,
R é éo 18%, and 10%, respectively; and for male patients these
s EN E ) g é ) § g § 5 fg % were 16%, 12%, and 6%, respectively (Table 1). The log
; g rank (Mantel-Cox) for the overall comparison of females
T T T o T ol § g with males was 3,119.588, Breslow (generalized
_______ A TE Wilcoxon) was 2,577.577, and Tarone-Ware was
%g 2934.977. For the pairwise comparison, the log rank
< < < < << oa-o §|; (Mantel-Cox) was 9,473.321, Breslow (generalized
zzzzz22z2 g 8 _*5"; Wilcoxon) was 7,344.132, and Tarone-Ware was
% § 8697.481. All had P < 0.001 (Table 2). The HR for uni-
<< <<<<< ~z- § g variate Cox analyses of male:female was 1.240 (1.234—
zzzzzzz2 éo E 1.246), P < 0.001. The HR for multivariate Cox analyses
\é% of male:female was 1.217 (1.212-1.223), P < 0.001
sggssis gagg|l;  (wed
3= Primary Site
22 2L "0 _§ ‘% The median survival time when the primary site was in
£ g one lobe was greater than in patients whose primary site
cees:<< szza %*; was in the main bronchus with an overlapping lesion in the
2333322 33233 g lung (Figure 1C and D). Patients diagnosed in 2017 with a
z(: g primary site in the right middle lobe had the longest
e S ms<< o-me é’ég median survival time (20.370 months), then in the left
zz §F§ lower lobe (19.000 months), right upper lobe (17.930
é—; months), right lower lobe (17.690 months), and left
88 s3sRR STl % upper lobe (17.120 months, Table S4). The survival time
conomommmom T §§ of patients with single-lobe cancer increased markedly
;S; i’ since 2000: the number of patients diagnosed in 2017 at
s zpg3ag e S8 Z§ §| the primary site of the right middle lobe, left lower lobe,
Eaocdddd é § g 3 :gé % right lower lobe, right upper lobe, and left upper lobe
i:'26§ increased by 85.35%, 78.91%, 66.89, 65.56%, and
§§ 4 55.92%, respectively (Table S5). The specific values of
‘E Z-g the 3-year, 5-year, and 10-year survival rates of lung
go go :% E"% cancer patients of different primary sites were shown in
E oL _f|sfd Table 1.
—amot om0 N g § 2 gﬂ é’ §§ % The log rank (Mantel-Cox) for the overall comparison
RRRRRRRaBIE5]393% § was 56,749.667, the Breslow (generalized Wilcoxon) was
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57,432.600, and Tarone-Ware was 59,443.510, with P <
0.001 for all (Table 2). The specific values of univariate
and multivariate hazard ratios (HRs) for different primary
sites were shown in Table 3.

Age
Younger patients had a longer median survival time
(Figure 1E and F), but survival time was almost equal

between the 55-64 and 6574 age groups, and the changes
were synchronous (Tables S6 and S7). The sudden
decrease in the median survival time of patients with
lung cancer diagnosed in 2016 and 2017 in the group
less than or equal to 44 years may be related to the small
number of patients at onset and cannot be counted in the
changing trend that the median survival time of patients

with lung cancer diagnosed in the group less than or equal
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to 44 years increased overall. The specific values of the 3-
year, 5-year, and 10-year survival rates of lung cancer
patients of different ages were shown in Table 1. The log
rank (Mantel-Cox) for the overall comparison was
36,486.760, the Breslow (generalized Wilcoxon) was
33,627.846, and Tarone-Ware was 34,681.780, P < 0.001
for all (Table 2). The specific values of univariate and
multivariate hazard ratios (HRs) for different ages were
shown in Table 3.

Median Household Income

A longer median survival time was seen in patients with
higher incomes (Figure 1G and H) and Table S8). The
median survival time of the $75,000 + group (18.24 months)
was 7.740 months longer than the $35,000 group (10.500
months). The median survival times of the $35,000-$44,999,
$45,000-$54,999, $55,000-$64,999 and $65,000-$74,999
groups were 10.890 months, 11.490 months, 12.260 months,
and 15.730 months, respectively. The fastest increase in
median survival time was 78.30% and 60.35% for the
$75,000+ and $65,000-$74,999 groups, respectively
(Table S9). The specific values of the 3-year, 5-year, and
10-year survival rates of lung cancer patients of different
incomes were shown in Table 1. The log rank (Mantel-
Cox) for the overall comparison was 3,119.588, the
Breslow (generalized Wilcoxon) was 2,577.577, and
Tarone-Ware was 2,934.977, P < 0.001 for all (Table 2).
The specific values of univariate and multivariate hazard
ratios (HRs) for different median household incomes were
shown in Table 3.

Address

A longer survival time was seen in a metropolitan popula-
tion (Figure 11 and J) and Table S9). Survival in metropo-
litan areas of 1 million (15.970 months) exceeded 14.030
months (all lung cancer patients), while in metropolitan
areas of 1 million this was 13.720 months. Times in other
metropolitan areas of 250,000 (11.700
months), nonmetropolitan counties adjacent to a metropo-

arcas Wwere:

litan area (11.520 months), and the nonmetropolitan coun-
ties not adjacent to a metropolitan area group (10.990
months) had less survival time than 14.030 months
(Table S10). As can be seen from Table S10, the fastest
increases in median survival time were 60.34% and
38.03% for metropolitan areas of 1 million and metropo-
litan areas of 1 million, respectively (Table S11). The
specific values of the 3-year, 5-year, and 10-year survival

rates of lung cancer patients of different addresses were

shown in Table 1. The log rank (Mantel-Cox) for the
overall comparison was 1,952.945, the Breslow (general-
ized Wilcoxon) was 1,397.391, and Tarone-Ware was
1,696.331, all P < 0.001 (Table 2). The specific values of
univariate and multivariate hazard ratios (HRs) for differ-
ent addresses were shown in Table 3.

Histologic Type ICD-O-3

Median survival time of lung cancer patients in the adeno-
carcinoma group (Diagnosed 2017) was significantly higher
than all other patients, followed by the complex epithelial
neoplasms and squamous cell neoplasms groups.
(Figure 1K and L) and Table S12). The number of patients
in the Adenoma and adenocarcinomas group diagnosed in
2017 increased by 87.35% compared to 2000. Survival time
in the Squamous cell neoplasms group (15.270 months) was
longer than 14.030 months (Figure 1K and L) and
Table S12), and the number of patients diagnosed in 2017
increased by 38.44% compared to 2000. Median survival
time in the other groups was as follows: Neoplasia, NAS
(8.100 months), Epithelial neoplasms, NAS (9.200 months)
and Cystic, mucinous and serous neoplasms (12.000
months). Each was shorter than 14.030 months (Table S12
and S13). The specific values of the 3-year, 5-year, and 10-
year survival rates of lung cancer patients of different his-
tologic types were shown in Table 1.

The log rank (Mantel-Cox) for the overall comparison
was 82,913.123, the Breslow (generalized Wilcoxon) was
79,928.300, and Tarone-Ware was 84,548.100, all P <
0.001 (Table 2). The specific values of univariate and
multivariate hazard ratios (HRs) for different histologic
types were shown in Table 3.

Race
Median survival time of Asian and other races diagnosed
in 2017 was 97.87% higher than in 2000 (Figure 1M and
N), and median survival time of White patients increased
by 38.61%. In contrast, Black patients only had a 24.77%
increase, which is below average (Table S15). Among lung
cancer patients diagnosed in 2017, median survival was
13.750 months for White patients, 11.890 months for
Black patients, and 20.420 months for Asian and other
patients (Table S14). The 3 -, 5 -, and 10-year survival
rates for White, Black, Asian and other races were, in
order: 19.00%, 14.00%, 8.00%; 17.00%, 12.00%, 7.00%;
23.00%, 17.00%, 11.00% (Table 1).

The log rank (Mantel-Cox) for the overall comparison
was 1,300.355, the Breslow (generalized Wilcoxon) was
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1,210.942, and Tarone-Ware was 1,311.907, all P < 0.001
(Table 2). Univariate HRs compared with White for Black,
Asian and other races were, in order: 1.061 (1.053—1.068)
and 0.865 (0.857-0.874), P < 0.001. Multivariate HRs
were, in order: 1.099 (1.091-1.108), 0.939 (0.930-0.949),
all P < 0.001 (Table 3). The specific values of univariate
and multivariate hazard ratios (HRs) for different races
were shown in Table 3.

Origin Recode the National Health

Insurance Authority

Median survival time was 14.110 months for Non-
Spanish-Hispanic-Latino patients diagnosed in 2017 and
12.860 months for Spanish-Hispanic-Latino patients
(Figure 10 and P) and Table S16). Compared to patients
diagnosed in 2000, survival in Non-Spanish-Hispanic-
Latinos increased by 42.67% and in Spanish-Hispanic-
Latinos by 28.60% (Table S17). The 3 -, 5 -, and 10-year
survival rates for Non-Spanish-Hispanic-Latinos and
Spanish-Hispanic-Latinos were, in order: 19.00%,
14.00%, 8.00%; 20.00%, 15.00%, 9.00% (Table 1).

The log rank (Mantel-Cox) for the pairwise and overall
comparisons was 10.506, the Breslow (generalized
Wilcoxon) was 0.624, and Tarone-Ware was 0.323. P
values were < 0.001, 0.429, and 0.570, respectively
(Table 2). Univariate HR compared with Spanish-
Hispanic-Latino for Non-Spanish-Hispanic-Latino was
1.016 (1.006-1.027), P = 0.002. Multivariate HR was
1.018 (1.008-1.029), P < 0.001 (Table 3).

Summary Stage

The survival rates of lung cancer patients at different sum-
mary stages vary considerably, as detailed in Table 1. The
survival difference of lung cancer patients with different
summary stages was statistically significant (Table 2). The
hrs of lung cancer patients with different summary stages
differed significantly (Table 3). The survival curves and
median survival times of lung cancer patients with different
summary stages are shown in Figure 3.

Discussion

According to Howlader and Forjaz,' lung cancer mortality
rate in the US has decreased significantly recently.
Although lung cancer incidence has been described in

multiple papers,” '* studies with large samples, multiple
sub items, multiple statistical analysis methods, and statis-

tical details by year of diagnosis are not common'* and the

data are mostly outdated."*!” Therefore, we took advan-
tage of the new data published by SEER on April 15,
2021, which allowed a detailed analysis of the survival
of lung cancer patients in the US. After an in-depth study
of 922,317 patients, we have several novel findings. The
median survival time of all lung cancer patients diagnosed
in 2017 (14.030 months) increased by 41.72% compared
with 2000 (9.900 months).

Women’s median survival time and 3-year, 5-year, and
10-year survival rates were more significant and growing
faster than men’s. Pilleron et al'® also found that gender was
one of the most important factors influencing lung cancer
survival time. The prognosis of female patients undergoing
lobectomy/segmentectomy was significantly better than in
male patients.'” Part of the reason may be that men have a
higher smoking rate,?’ and the pathobiology of adenocarci-
noma in women may differ from that in men.*'

The median survival time of patients with a single lobe
primary site was the longest where this was in the right
middle lobe, followed by the left upper lobe, right upper
lobe, right lower lobe, and the shortest in left lower lobe.
The rapidly increasing survival time may be due to the
increase in early diagnosis of lung cancer’” and improved
thoracoscopic lobectomy and segmentectomy techniques.*
In contrast, median survival rates where the primary site
was in the main bronchus and over lapping lung did not
significantly increase. These are independent predictors of
lung cancer metastasis and worse outcomes.**

Although younger patients had a longer median survi-
val time, interestingly, median survival time was almost
the same in the 55-64 and 65-74 groups. This may be
because there is little difference in the physical condition®®
between the two age groups. The median survival time in
those over 75 was significantly reduced, which may be
related to the decline of the patient’s physical fitness or the
increased likelihood of severe complications, which are
associated with poor survival >

Median survival time was longer for patients with
higher incomes and there was also an association between
family disposable income and survival.”’ Low-income
patients with lung cancer may have delays in diagnosis
and treatment, requiring social intervention and care.”®
Increased healthcare costs in the public sector were asso-
ciated with lower cancer mortality.?’

The farther the patient’s address is from a metropolitan
area, the shorter the median survival time. In metropolitan
areas with a population of more than 1 million, median
survival time exceeded that of all other lung cancer
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patients, which may be related to the availability and time-
liness of access to good medical care in these areas. The
HR was highest in nonmetropolitan counties not adjacent
to metropolitan areas. Singh and Siahpush found a widen-
ing life expectancy gap between urban and rural areas for
lung cancer patients in the US between 1969-2009,%° and
our results found that this gap has widened even further
over the last decade. Routine tracking of lung cancer
excess deaths through urban-rural county classification
may help public health authorities and policy makers
identify and monitor public health concerns and focus
interventions to reduce potential excess deaths in these
areas.”

Median survival time of lung cancer patients in the
adenocarcinoma group (Diagnosed 2017) was significantly
higher than all other patients, followed by the complex
epithelial neoplasms and squamous cell neoplasms groups.
Median survival time in the adenocarcinoma group was
6.35 months longer than in squamous cell carcinoma. This
may be related to the improvement of minimally invasive

3334 molecular

surgery,”! chemotherapy,*® immunotherapy,
targeted therapy> or other treatments for lung adenocarci-
noma. The Epithelial neoplasms, NAS group was one of
the worst groups, containing mainly large and small cell
lung cancer. Although there are some new treatments,>> >°
survival time has not improved significantly. The acinous
cell neoplasm group had the longest median survival of
lung cancer histology.

The median survival times and rates of Asian, Pacific
Islanders and Native American Indians/Alaskans were sig-
nificantly higher than of White and Black people, and the
fastest growth rate was about 97.87%. In contrast, the
growth rate in White people was only about 38.61% and
in Black people was only about 24.76%. This may be due to
different access to health care and the provision of recom-
mended treatment.*® Efforts to ensure that all patients with
lung cancer receive timely and appropriate treatment should
reduce differences in survival between races.*’ Median
14.110 months for Non-Spanish-
Hispanic-Latino lung cancer patients (an increase of
42.67%) and 12.860 months for Spanish-Hispanic-Latino
(an increase of only 28.60%). The univariate HR of non-

survival time was

Hispanic Latinos was higher than in Hispanic Latinos,
which is contrary to a previous study*' but may be due to
a difference in sample size. According to Soneji et al*
narrowing racial differences in lung cancer survival rates

depends not only on equal opportunities for surgical

resection, but also on better management and treatment of
smoking-related complications and diseases.**

The later the year of diagnosis, the longer the median
survival time and the lower the risk ratio. This showed that
in the past 20 years, the treatment effect in the US has
improved. The reason for the survival time of localized
lung cancer patients is greater than that of Distant patients.
This fully shows that early detection and early treatment
are very important in the treatment of lung cancer.

Our study provides detailed insight into the relation-
ship between patients’ sex, primary site, age, income,
residential address, histological type, race, ethnicity, and
survival thanks to the large sample size. However, we
acknowledge that if patient data from other countries can
be integrated, our study would be more representative.
Incidence of lung cancer was not analyzed in detail so
this could be further studied in subsequent papers. The
SEER database still has some shortcomings, such as not
collecting information on “smoking”.

Conclusions

After analyzing the data of 922,317 patients with lung
cancer in the recently-published SEER database, we
found large differences in survival time by gender, race
and ethnicity, age, income, address, histological type, pri-
mary site and summary stage. This difference has grown in
recent years. Government and society need to further
strengthen policies to improve trends. We should increase
the frequency and precision of lung cancer screening in the
future.

Abbreviations

HR, Hazard Ratio; ICD-O-3, International Classification
of Disease for Oncology-3; NCI, The National Cancer
Institute; SEER, The surveillance, epidemiology, and end
results.
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