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ABSTRACT

Introduction: From the late 1980s to 2000, SCLC repre-
sented a decreasing proportion of lung cancer cases in the
United States. Nevertheless, survival outcomes in SCLC did
not improve, reflecting the paucity of treatment advances.
We sought to determine whether these trends continued
into more recent decades, before the Food and Drug
Administration approval of immunotherapy for SCLC in
2019, by evaluating the incidence and survival of SCLC from
2000 to 2019 in the United States population, with attention
to variance across gender and racial subgroups.

Methods: Using the United States Surveillance, Epidemi-
ology, and End Results 17 database, we evaluated the
incidence of SCLC and NSCLC from 2000 to 2019. De-
mographic, staging, and survival data were collected for
patients with SCLC by comparing the incidence and out-
comes across groups.

Results: The percentage of SCLC among all newly diag-
nosed lung cancer cases decreased from 14.5% in 2000 to
11.8% in 2019. A decrease in SCLC incidence was observed
in all sex and racial subgroups but was earlier and steeper
in men than in women. This has resulted in a shift in the
male-to-female ratio from 1.14:1 in 2000 to 0.93:1 in 2019.
Among the racial subgroups, the incidence of SCLC declined
most slowly in non-Hispanic Whites and most rapidly in
non-Hispanic Asians and Pacific Islanders. There was a
decline in limited-stage SCLC at diagnosis, from 31.1% in
2000 to 26.4% in 2019. Minimal improvement was
observed in survival regardless of patient characteristics or
stage.

Conclusions: In the preimmunotherapy era of 2000 to
2019, the incidence of SCLC continued to decline in both
sexes and all racial subgroups. The male-to-female ratio
continued to narrow with women outnumbering men in the

most recent years. The proportion of patients with limited-
stage disease continues to decline, likely because of
improved staging procedures. The outcomes improved
slightly but remained poor, highlighting the need for more
effective treatment strategies.

© 2025 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 license
(http://creativecommons.org/licenses/by-nc-nd /4.0/).
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Introduction

Despite recent advances in treatment and early
detection, lung cancer remains the most common cause
of cancer-related death worldwide." SCLC comprises
only 10% to 20% of lung cancer cases, but is known for
its aggressive nature and persistently poor outcomes.”
SCLC is characterized by highly proliferative neuroen-
docrine cells forming rapidly progressive tumors, which
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typically develop in the central airways of heavy
smokers, and have a predisposition for early metastasis.”
For the past 60 years, the Veterans Administration Lung
Cancer Study Group system has been used to stage SCLC,
with limited-stage SCLC (LS-SCLC) being confined within
a single hemithorax and a safe radiotherapy field, and
extensive-stage SCLC (ES-SCLC) typically characterized
by distant metastases. With the advent of modern
chemotherapy and radiotherapy, SCLC has proven
extremely responsive to initial treatment; nevertheless,
the vast most patients relapse quickly, and the five-year
survival rates remain low regardless of the disease stage
or treatment.’

Since the 1965 Surgeon General report on the health
dangers of smoking, and the subsequent decline in
cigarette use in the United States, the incidence of SCLC
has decreased. According to prior reviews of SCLC data
in the Surveillance, Epidemiology, and End Results
(SEER) database from 1973 to 2002, the absolute inci-
dence of SCLC and the proportional incidence of SCLC
(the percentage of SCLC among all new lung cancer di-
agnoses) peaked in the late 1980s and then steadily
declined through 2002.%° Nevertheless, there was only
minimal improvement in survival regardless of stage.
Advances that may have affected survival during this
period include the advent of the cisplatin and etoposide
regimen in the 1980s and the routine use of concurrent
chemoradiotherapy for LS-SCLC in the 1990s.”

Our study explored newer data from the SEER17
database from 2000 to 2019, to reveal the continued
decline in SCLC incidence, with variations in trends be-
tween subgroups of the population. In addition, we report
an increasing predominance of extensive-stage disease
and minimal improvements in survival over the 20 years
before the United States Food and Drug Administration’s
approval of immunotherapy for SCLC, during which there
was little advancement in SCLC therapy. These data set
the baseline for future evaluation of SCLC trends after the
recent incorporation of immunotherapy into the standard
treatment for all stages of SCLC.>*”

Materials and Methods

We analyzed data from patients with primary lung
cancer in the SEER17 database from 2000 to 2019. Pa-
tients were selected from the following primary sites:
C34.0 (main bronchus), C34.1 (upper lobe, lung), C34.2
(middle lobe, lung), C34.3 (lower lobe, lung), and C34.9
(lung, not otherwise specified). We excluded C34.8
(overlapping lesion of the lung). We defined SCLC using
five International Classification of Diseases (ICD)-0-3
codes: 8002 and 8041 to 8044. Patients with combined
small cell carcinoma (ICD-0-3 code 8045) were
excluded. ICD-0-3 codes that were not considered to be
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primary lung were excluded. For the full list of ICD-0-3
codes of the included cases, see Supplementary
Table 1. A rate session was created using SEERStat
software. Data for crude and age-adjusted incidences
were collected using the SEER November 17, 2021
submission (2000-2019), which included data from
Hawaii, California, Seattle (Puget Sound), Utah, New
Mexico, lowa, Rural Georgia, Greater Georgia, Atlanta
(Metropolitan), Kentucky, Louisiana, Connecticut, and
New Jersey. Crude incidence rates were used to calculate
the proportional incidence of SCLC (among all new lung
cancer diagnoses), the proportional incidence of limited-
stage disease (among all new SCLC diagnoses), and the
male-to-female ratio of new SCLC diagnoses. Age-
adjusted rates were calculated using the 2000 United
States standard population.® SE and population data
obtained from the SEER Stat program were input along
with age-adjusted incidence rates into the Joinpoint
program. Log transformation was used to calculate the
Joinpoint curves, and the maximum number of Joinpoints
was set to three to create the plots. In these plots, the
change over time was expressed as the annual percent-
age change (APC). Overall survival (0S) was calculated
on the basis of the censored time to death or last follow-
up, whichever occurred earlier, for both LS-SCLC and ES-
SCLC and the sex and race subgroups.

Results

Patient Characteristics

On the basis of the included ICD-0-3 codes, 111,263
patients with SCLC and 736,484 patients with NSCLC were
reported between 2000 and 2019, resulting in an overall
incidence of SCLC of 13.1%. The characteristics of the
patients with SCLC during the study period are displayed
in Table 1. The median age was 60 to 69 years, 50.3%
were men, and 83.2% were non-Hispanic Whites (NHWs).
At diagnosis, 70.9% of patients had ES-SCLC, 26.0% had
LS-SCLC, and the remaining stages were unknown. Of the
107,830 patients with known stage, the stage-specific
characteristics are described in Table 2. There were
slightly more men diagnosed with ES-SCLC (51.2% versus
48.8%), with the male-to-female gap narrowing over time.
Most patients with LS-SCLC were female (53.9% versus
46.1%), and the female-to-male gap increased over time.
There was no difference in the racial distribution between
patients with ES-SCLC and those with LS-SCLC, with a
slight decline in the proportion of NHW patients and a
slight increase in the proportion of other racial categories
noted over time for both stages. There was no significant
difference in age distribution between ES-SCLC and LS-
SCLC, with median age falling between 60 and 69 years
for both stages, with a slight increase in the proportion of
older patients over time (Table 2).
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Table 1. Characteristics of Patients With SCLC in the

SEER17 Registry From 2000 to 2019

Patient Characteristics N %
Total SCLC 111,263
Sex
Male 55,972 50.3
Female 55,291 49.7
Race
Non-Hispanic White 92,535 83.2
Non-Hispanic Black 8840 7.9
Hispanic 5316 4.8
Non-Hispanic Asian-Pacific Islander 3820 3.4
Other or Unknown 752 0.7
Age (y)
<40 351 0.3
40-49 4089 3.7
50-59 19,546 17.6
60-69 37,143 33.4
70-79 35,924 32.2
>80 14,210 12.8
Stage
Limited 28,958 26.0
Extensive 78,872 70.9
Unknown 3433 3.1

SEER, Surveillance, Epidemiology, and End Results.

Temporal Trends in SCLC and NSCLC Incidence
Rates

The proportional incidence of SCLC relative to all
lung cancers decreased from 14.5% in 2000 to 11.8% in
2019 (Fig. 14). During this period, the incidence rates of
both SCLC and NSCLC decreased; nevertheless, there
was a greater proportional decline in SCLC. The age-
adjusted incidence of SCLC was 8.6 per 100,000 in
2000 and decreased to 4.7 per 100,000 in 2019, cor-
responding to an APC of —1.61 from 2000 to 2004
and —3.25 from 2004 to 2019. The age-adjusted inci-
dence rate for NSCLC declined more slowly from 51.7
per 100,000 to 36.3 per 100,000, corresponding to an
APC of —1.19 from 2000 to 2008 and —2.40 from 2008
to 2019 (Fig. 1B).

Temporal Trends in Sex in SCLC

The incidence of SCLC decreased in both men and
women over time, although this decline began earlier
and was steeper in men than in women. Crude incidence
rates reported a declining male-to-female ratio, which
was 1.14:1 in 2000 but decreased to 0.93:1 by 2019,
indicating that more women than men are now diag-
nosed with SCLC (Fig. 24). In men, the age-adjusted
incidence rate of SCLC was 10.7 per 100,000 in 2000,
which dropped to 5.0 per 100,000 in 2019, with a steady
APC of —3.59. In women, the age-adjusted incidence rate
of SCLC was 7.3 per 100,000 in 2000, declining to 4.6 per
100,000 in 2019, with a slow decrease between 2000
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and 2007 at an APC —1.54, but a steeper decline be-
tween 2000 and 2019 at an APC of —3.04. Because of
this rapid decline in new diagnoses of SCLC in men, the
age-adjusted rates of SCLC in men and women
converged by 2019, remaining only slightly higher in
men (Fig. 2B).

Temporal Trends in Racial Subgroups in SCLC

A decline in the age-adjusted incidence rates of
SCLC was noted in all racial subgroups throughout the
study period (Fig. 3). There was a slightly greater
percentage decrease in the Hispanic and non-Hispanic
Asian-Pacific Islander (NHA-PI) subgroups than in the
non-Hispanic Black (NHB) and NHW subgroups. The
age-adjusted incidence rate of SCLC in the NHA-PI
subgroup was 3.5 per 100,000 in 2000, declining to 1.6
per 100,000 in 2019 (2000-2017: APC = -3.26;
2017—-2019: APC = —11.39). In the Hispanic subgroup,
the SCLC incidence rates were 3.9 per 100,000 in 2000
and 1.9 per 100,000 in 2019 (APC = —3.7). A steady,
although slower, decline was observed in the incidence
rate of SCLC in the NHB subgroup, dropping from 8.3
per 100,000 in 2000 to 4.7 per 100,000 in 2019
(APC = —2.87). The incidence rate of SCLC was persis-
tently the highest and had the slowest decline in the NHW
subgroup, from 9.8 per 100,000 in 2000 to 5.9 per
100,000 in 2019 (2000-2006: APC = —1.87; 2006-2019:
APC = —2.92).

Temporal Trends in SCLC Stage

The incidence rates of both LS-SCLC and ES-SCLC
declined from 2000 to 2019, with a more rapid decline
in new LS-SCLC diagnoses, leading to a drop in the
proportional incidence of LS-SCLC from 31.1% in 2000
to 26.4% in 2019 (Supplementary Fig. 14). The age-
adjusted incidence of LS-SCLC decreased from 2.5 per
100,000 to 1.2 per 100,000. This downward trend began
sharply with an APC of —4.35 from 2000 to 2014, fol-
lowed by a brief upward trend with an APC of 2.71 from
2014 to 2017, before a rapid decline with an APC
of —10.16 from 2017 to 2019. The incidence rate of
ES-SCLC decreased from 5.6 per 100,000 in 2000 to 3.4
per 100,000 in 2019, with an APC of —0.71 from 2000 to
2009 and an APC of —3.43 from 2009 to 2019
(Supplementary Fig. 1B).

Temporal Trends in OS

Among the patients with LS-SCLC, the two-year OS
rate increased from 26.7% in 2000 to 36.7% in 2017,
whereas the five-year OS rate increased from 11.3% in
2000 to 15.6% in 2014 (Fig. 4A). Unsurprisingly, the OS
rate was worse in ES-SCLC and had less improvement
during the study period, with the two-year OS rate
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Figure 1. (A) Proportional Incidence of SCLC relative to all lung cancer from 2000 to 2019. (B) Joinpoint regression analysis of
age-adjusted incidence rates of all lung cancers, NSCLC, and SCLC from 2000 to 2019.

racial subgroups.”'’ There was a steeper decline in the
incidence of SCLC in men than in women. In terms of
crude incidence, our data reported a male-to-female ratio
of 0.93:1 in 2019, although age-adjusted incidence rates
remained slightly higher in men (after adjustment for
older age distribution in the female population). Our data
revealed a consistently higher incidence of SCLC in the
NHW and NHB, with a faster decline in the NHA-PI and
Hispanic populations.

Owing to the particularly strong connection between
cigarette smoking and the development of SCLC, the
described trends in SCLC incidence unsurprisingly
mirror smoking patterns in the adult population of the
United States."'™'* After the 1965 Surgeon General’s
report on the health dangers of smoking, cigarette use

dropped from 42.4 % to 13.7% by 2018, with the
decline in absolute and proportional incidence of SCLC
trailing two decades behind.'*'® Within subgroups of
the United States population, the rate of adult men who
smoked declined more rapidly (519 to 15.6%)
compared with adult women (33.9% to 12.0%) from
1965 to 2018, corresponding to the more significant
drop in SCLC incidence seen in men.'*'® Similarly,
higher smoking rates are seen in NHW and NHB sub-
groups, and declines in smoking have been steeper in
Asian and Hispanic groups from 1997 to 2018.'*"°
Although other genetic and environmental factors may
also be in play, more rapid decline in rates of SCLC in
certain ethnic subgroups seem to very clearly reflect
these trends in tobacco use.
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Figure 2. (A) The male-to-female ratio of SCLC cases from 2000 to 2019. (B) Joinpoint regression analysis of age-adjusted
incidence rates of SCLC in male and female individuals from 2000 to 2019.

Nevertheless, even though the incidence of SCLC has
declined, the outcomes remain poor. Extensive-stage
disease occurs most frequently given the aggressive
nature of SCLC and its propensity for early metastasis.
Govindan et al.* reported that 56.6% of patients pre-
sented with ES-SCLC and 39.6% presented with LS-SCLC
in 2002. Our updated data reported a substantial
decrease in the proportion of patients with LS-SCLC to
26.4% by 2019. This shift likely reflects improvements
in the imaging modalities used in staging rather than any
change in the true disease burden at presentation. The
use of positron emission tomography-computed to-
mography (PET-CT) for SCLC staging has been steadily
increasing since becoming commercially available
around 2001, and PET-CT is superior to conventional

imaging at detection of asymptomatic distant metastases
in SCLC."® The National Comprehensive Cancer Network
now recommends that PET-CT imaging be completed as
part of the initial staging for patients thought to have LS-
SCLC by CT."”"#" In addition, baseline brain imaging is
also recommended in all patients with SCLC owing to the
high frequency of brain metastases.””** Qver time brain
magnetic resonance imaging, which has better sensitivity
for detecting brain metastases than CT, has also become
increasingly utilized, perhaps also leading to more pa-
tients being classified as ES-SCLC.*

Patients with all stages of SCLC have consistently
poor survival rates, which have only slightly improved
over time in the preimmunotherapy era. The five-year 0OS
rate for LS-SCLC increased from 4.9% in 1973 to 10% in
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Figure 3. Joinpoint regression analysis of age-adjusted incidence rates of SCLC by racial subgroups. NHA-PI, non-Hispanic
Asian-Pacific Islander; NHB, non-Hispanic Black; NHW, non-Hispanic White.

1998, whereas the two-year OS rate of ES-SCLC increased
from 1.5% in 1973 to 4.6% in 2000.* Our study and
others confirm a continuation of this trend, with the five-
year OS rate for LS-SCLC reaching 15.6% by 2014 and the
two-year OS rate for ES-SCLC reaching 8.4% in 2017, with
improved survival being distributed fairly equally across
sex and racial subgroups.*””'’ These small improve-
ments in survival may in part be due to a stage shift
related to improvements in staging technology (e.g., PET-
CT and brain magnetic resonance imaging [MRI]). With
the adoption of these improved imaging modalities, some
patients who would previously be diagnosed with LS-
SCLC are being upstaged to ES-SCLC at the time of diag-
nosis. As patients with asymptomatic distant metastases
are excluded from the ranking of those believed to have
LS-SCLC, the OS rate of the remaining LS-SCLC cohort will
improve. At the same time, the placement of more pa-
tients with asymptomatic distant metastases and pre-
sumably a lower burden of disease into the ES-SCLC
cohort will also improve the OS rate for this cohort.
Subtle advances in the treatment of SCLC may also
have contributed to the improvement in survival
observed at both stages of the disease. Nevertheless,
from the early 1980s to 2019, first-line systemic therapy
for SCLC did not substantially change, remaining plat-
inum plus etoposide for four to six cycles, with many
trials of various chemotherapy strategies and newer
agents showing no added benefit.”* In addition, thoracic
radiotherapy and prophylactic cranial irradiation became
standard-of-care for LS-SCLC in the 1990s and have been

consistently utilized throughout our study period from
2000 to 2019.%*° Despite this relatively stable general
treatment strategy, imaging and radiation technology
have improved. PET-CT has increased radiation oncolo-
gists’ comfort in omitting clinically uninvolved nodal re-
gions from the treatment plan, and improved radiotherapy
equipment allows for further narrowing of the thoracic
radiation field in LS-SCLC.”® Hyperfractionation of radio-
therapy has also become a standard treatment option
during the study period, although the benefits of such
treatment versus standard fractionation remain contro-
versial.»*%®

Although less so than for LS-SCLC, improved radio-
therapy techniques may have also provided some ben-
efits in ES-SCLC by allowing for more focused and less
toxic thoracic radiation in the palliative setting. In 2015,
the CREST trial revealed a survival benefit for patients
with ES-SCLC who received consolidative radiotherapy
for residual thoracic disease.””*° This selective addition
of radiotherapy may have provided a small survival
benefit to the most recent patient cohort, although the
risks and benefits of consolidative radiation must be
carefully weighed in a palliative setting.

The toxicity of prophylactic cranial irradiation has
also become an increasing concern, leading to its
avoidance in some patients, particularly the elderly and
those with ES-SCLC. Serial brain imaging with prompt
treatment after detection of intracranial metastasis has
proven to be a reasonable alternative, with trials sug-
gesting that this approach may obviate the need for
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Figure 4. Limited-stage SCLC five-year overall survival (A) in all patients, (B) in male and female patients, and (C) by racial
subgroups. Extensive-stage SCLC five-year overall survival (D) in all patients, (E) in male and female patients, and (F) by

racial subgroups.

prophylactic cranial irradiation.”**" Increasing comfort
with MRI surveillance reduces toxicity and may improve
morbidity and mortality in patients with ES-SCLC.
Although public health policies and changes in im-
aging and radiation technology correspond to small im-
provements in the OS rates of SCLC from 2000 to 2019,
the outcomes remain poor. Changes in systemic therapy
are expected to play a larger role in the future. On the
basis of the OS benefits noted in the IMpower133 and
CASPIAN trials, combination chemotherapy plus either

atezolizumab (2019) or durvalumab (2020), respectively,
are now the standard initial treatments for patients with
ES-SCLC.%” Most recently, the ADRIATIC trial has revealed
a significant improvement in OS with durvalumab
consolidation for patients who have completed chemo-
radiotherapy for LS-SCLC.** Gay et al.** and others®°
have also characterized distinct molecular subgroups of
SCLC, and there are high hopes that this work will lead to
more effective personalized, targeted approaches to the
systemic treatment of SCLC.
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Conclusions

From 2000 to 2019, the incidence of SCLC continued
to decline overall and to varying degrees across popu-
lation subgroups, likely owing to the trends in tobacco
use. Concurrently, survival rates have slightly improved
in the setting of better imaging and radiation strategies,
despite little change in systemic therapy during the
preimmunotherapy study period analyzed in this report.
Continued antismoking efforts, access to improved ra-
diation techniques, implementation of immunotherapy,
and the ongoing search for more effective and novel
systemic agents will be key to improving the poor
prognosis of patients with SCLC.
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