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Background: Due to the lack of treatment outcome data comparing surgical and non-surgical treatment 
modalities in the era of contemporary staging and treatments, the management of elderly patients with early-
stage small cell lung cancer (SCLC) continues to be debated. This study sought to compare surgery and 
radiotherapy in elderly patients (aged ≥70 years) with early-stage SCLC using data from the Surveillance, 
Epidemiology, and End Results (SEER) database.
Methods: The inverse probability of treatment weighting (IPTW) method was used to address the 
selection bias between the surgery and radiotherapy groups. The Kaplan-Meier method and multivariate 
Cox proportional hazards regression were used to compare the overall survival (OS) of the treatment cohorts 
before and after the IPTW adjustment. The competing risk survival analyses used Fine and Gray’s method 
to compare the cancer-specific survival between the groups.
Results: Between 2004 and 2018, 685 elderly patients received local treatment for early-stage SCLC. Of 
these patients, 193 patients (26.6%) received surgery and 492 patients (73.4%) received radiotherapy. Surgery 
was associated with a longer OS time than radiotherapy (median OS time: 32 vs. 20 months; 5-year OS time: 
30.6% vs. 17.6%; P=0.002). The survival advantage of surgery was consistent in the IPTW-adjusted cohort 
(median OS time: 32 vs. 20 months; 5-year OS time: 30.6% vs. 17.6%; P<0.002). In the multivariate analysis, 
an increased age (P=0.001), stage T2 (P=0.047), radiotherapy (P<0.001), and no chemotherapy (P=0.034) 
were associated with unfavorable OS. In the IPTW-adjusted cohort, the multivariate analysis showed a 
decreased age (P<0.001), stage T1 (P=0.038), and surgery (P<0.001) were associated with superior OS. The 
competing risk analyses demonstrated that surgery produced a consistent decrease in the cancer-specific 
mortality rate compared to radiotherapy among the patients aged 70–80 years (53.6% vs. 61.0%, P=0.01), 
but no difference was observed in the 5-year cumulative incidence rate of cancer-related death between the 
surgery and radiotherapy groups (66.3% vs. 64.9%; P=0.66) in patients aged ≥80 years.
Conclusions: In this population-based study of the optimal local treatment for elderly early-stage SCLC, 
patients who underwent surgery had superior OS compared to those who underwent radiotherapy.
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Introduction

Lung cancer is one of the most frequently diagnosed 
cancers and the leading cause of cancer-related mortality  
worldwide (1). Small cell lung cancer (SCLC) accounts for 
15% of all lung cancers and is characterized by its rapid 
tumor growth, early metastatic dissemination, and poor 
prognosis (2). According to the latest cancer statistics, 
the incidence of lung cancer increases with age, and most 
lung cancer cases occur in adults aged ≥70 years (3). Due 
to the increased life expectancy of the aging population 
and the increasing incidence of elderly SCLC, the elderly 
SCLC population is increasing. In the United States, the 
percentage of elderly patients (aged >70 years) with SCLC 
increased from 23% in 1975 to 44% in 2010 (4). However, 
elderly patients are under-represented in clinical trials due to 
concerns about comorbidities and functional impairment (5).

Less than 5% of patients with SCLC have early-
stage (T1–2N0) SCLC (6). Due to a lack of randomized 
controlled trials comparing surgical to non-surgical 
treatment modalities in the era of contemporary staging 

and treatments, the management of these patients continues 
to be debated. Definitive surgical resection is a potential 
therapeutic option, which according to population-based 
studies, has a 5-year survival rate of approximately 50% 
(7,8). Radiotherapy, including fractionated radiotherapy and 
stereotactic body radiotherapy (SBRT), is also available for 
these patients. Oncology practice guidelines recommend 
fractionated radiotherapy concurrent with chemotherapy 
or SBRT for early-stage SCLC patients who are medically 
inoperable or refuse surgery resection (9,10). To our 
knowledge, only limited treatment outcome data comparing 
surgery with radiotherapy have been available for elderly 
patients with early-stage SCLC, and thus the best local 
therapy for this population had not previously been defined.

In this retrospective study, we compared the use of 
surgery and radiotherapy in elderly patients with early-stage 
SCLC using data from the Surveillance, Epidemiology, and 
End Results (SEER) database. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-23-
428/rc).

Methods

Data source and ethics statement

Data for the study population were retrieved from the 
records of the “Incidence-SEER Research Plus Data, 
9 Registries, Nov 2020 Sub (2000–2018)” database. 
SEER*Stat software (version 8.3.9) was used to extract 
the cases from the database. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). In this study, institutional review board approval was 
not required because the SEER data were anonymized and 
openly accessible.

Patient selection

The SEER database has adopted the American Joint 
Committee on Cancer (AJCC) staging system since 2004; 
thus, we enrolled patients with histologically confirmed 
SCLC between 2004 and 2018 in this study. The study cohort 
comprised patients with the third edition of the International 
Classification of Diseases for Oncology (ICD-O-3) site codes 
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C34.0–C34.9 and ICD-O-3 histology codes 8041–8044. 
To be eligible for inclusion in this study, patients had to 
meet the following inclusion criteria: (I) have stage T1–2N0 
disease in accordance with the American Joint Committee on 
Cancer (AJCC) 6th, 7th, or 8th edition; (II) be aged ≥70 years; 
and (III) have received surgery or radiotherapy as a local 
treatment modality. Patients were excluded from the study 
if they met any of the following exclusion criteria: (I) had 
been diagnosed at autopsy or by death certificate; (II) had >1 
malignant tumor; (III) had missing information regarding 
race, age at diagnosis, marital status, gender, histology, tumor 
location, stage, treatment (including surgery, radiotherapy, 
and chemotherapy), SEER cause of death, vital status, and 
survival month; (IV) had a survival time of <1 month; and/or 
(V) had been treated with neo-adjuvant radiotherapy before 
surgery.

Statistical analysis

According to the local treatment approach, the enrolled 
patients were divided into the surgery group and radiotherapy 
group. The baseline characteristics between the surgery 
group and radiotherapy group were compared using the 
Student’s t-test and Pearson’s chi-square test. To account for 
selection bias and any potential confounding factors between 
the groups, we used an inverse probability of treatment 
weighting (IPTW) analysis to control for differences in the 
baseline characteristics of the patients (11). The standardized 
mean difference (SMD) was calculated to assess the balance 
of the baseline characteristics after IPTW. Unadjusted and 
IPTW-adjusted Kaplan-Meier analyses were performed, 
and the survival of the groups was compared using the log-
rank test. Multivariate Cox proportional hazards models 
were used to evaluate the potential prognostic factors for 
overall survival (OS) in the non-IPTW and IPTW-adjusted 
cohorts. To examine the relationship between age and OS, 
a Cox proportional hazard regression with restricted cubic 
spline (RCS) was performed (12). To compare the cancer-
specific survival between the groups, competing risk survival 
analyses using Fine and Gray’s method were performed (13). 
The statistical analyses were performed using R software 
(version 4.1.3). A two-sided P value of <0.05 was considered 
statistically significant.

Results

Patients’ characteristics and treatment pattern changes

The study identified 685 patients aged ≥70 years with 

stage T1-2N0 SCLC in the SEER database between 
2004 and 2018. Overall, 193 patients (26.6%) received 
surgery and 492 patients (73.4%) received radiotherapy. 
The patients’ baseline characteristics before and after 
IPTW are presented in Table 1. As Table 1 shows, non-
white race (14.2% vs. 5.7%, P=0.003), stage T2 (47.2% vs. 
36.8%, P=0.018), and the administration of chemotherapy 
(76.8% vs. 52.8%, P<0.001) were more prevalent in the 
radiotherapy group than the surgery group. The remaining 
listed clinical characteristics were comparable between 
the two groups. After the IPTW adjustment, the patients’ 
characteristics between the groups were well balanced with 
a SMD <0.1 (Table 1, Figure 1). The changes in the local-
treatment patterns over time are displayed in Figure 2. The 
percentage of patients treated with radiotherapy as the local 
therapy increased from 68.9% in 2004 to 88.0% in 2012, 
and then decreased to 67.3% in 2018. A corresponding 
decrease in patients receiving surgery from 31.1% in 2004 
to 12.0% in 2012 was observed, and in 2018, the percentage 
of patients receiving surgery increased back to a level similar 
to that in 2004.

Survival outcomes

The median follow-up time was 90 months (interquartile 
range, 32–123 months). As Figure 3A shows, the median OS 
time was significantly higher in the surgery group than the 
radiotherapy group (32 vs. 20 months, P=0.002). The OS 
rates at 5 years were 30.6% with surgery and 17.6% with 
radiotherapy. In the multivariate Cox regression model of 
the unadjusted cohort, increased age (P=0.001), stage T2 
(P=0.047), radiotherapy (P<0.001), and no chemotherapy 
(P=0.034) were associated with unfavorable OS (Table 2). 
After the IPTW adjustment, surgery was still associated 
with improved survival (Figure 3B); the median OS time 
of the surgery group was 32 months and that of the 
radiotherapy group was 20 months. The 5-year OS rate of 
the surgery group was 30.6% and that of the radiotherapy 
group was 17.6% (P<0.001). In the IPTW-adjusted cohort, 
the multivariate analysis showed that a decreased age 
(P<0.001), stage T1 (P=0.038), and surgery (P<0.001) were 
associated with superior OS (Table 2).

Relationship between age and OS

The RCS plot (Figure 4) shows the relationship between age 
as a continuous variable and OS. As Figure 4 shows, as age 
increased, the mortality rate increased in a age-dependent 
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Table 1 Baseline characteristics between the surgery and radiotherapy group before and after the IPTW adjustment

Characteristics
Unadjusted cohort, n (%) IPTW-adjusted cohort , %

Surgery Radiotherapy P Surgery Radiotherapy P

Age (years) 0.598 0.976

Mean 76.25 76.47 76.42 76.40

SD 4.89 5.02 4.75 5.03

Gender 0.465 0.806

Male 82 (42.5) 226 (45.9) 43.8 44.9

Female 111 (57.5) 266 (54.1) 56.2 55.1

Race 0.003 0.906

White 182 (94.3) 422 (85.8) 87.7 88.1

Non-White 11 (5.7) 70 (14.2) 12.3 11.9

Marital status 0.720 0.595

Unmarried 96 (49.7) 254 (51.6) 54.4 51.9

Married 97 (50.3) 238 (48.4) 45.6 48.1

Tumor location 0.443 0.902

Upper/middle lobe 124 (64.2) 333 (67.7) 67.5 67.0

Lower lobe 69 (35.8) 159 (32.3) 32.5 33.0

T stage 0.018 0.967

T1 122 (63.2) 260 (52.8) 55.7 55.9

T2 71 (36.8) 232 (47.2) 44.3 44.1

Chemotherapy <0.001 0.823

Yes 102 (52.8) 378 (76.8) 69.0 69.9

No 91 (47.2) 114 (23.2) 31.0 30.1

IPTW, inverse probability of treatment weighting; SD, standard deviation.
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Figure 3 Kaplan-Meier plots of OS by local treatment in the unadjusted (A) and IPTW-adjusted (B) cohorts. IPTW, inverse probability of 
treatment weighting; OS, overall survival.

Table 2 Multivariate analyses in the unadjusted and IPTW-adjusted cohorts

Variables
Multivariate analysis of the unadjusted cohort Multivariate analysis of the IPTW-adjusted cohort

HR (95% CI) P HR (95% CI) P

Age (years) 1.03 (1.01–1.05) 0.001 1.04 (1.02–1.06) <0.001

Gender

Male 1 (Reference) 1 (Reference)

Female 0.87 (0.72–1.06) 0.169 0.84 (0.66–1.06) 0.135

Race

White 1 (Reference) 1 (Reference)

Non-White 0.83 (0.63–1.09) 0.187 0.68 (0.41–1.13) 0.139

Marital status

Unmarried 1 (Reference) 1 (Reference)

Married 1.04 (0.86–1.27) 0.669 1.05 (0.83–1.31) 0.704

Tumor location

Upper/middle lobe 1 (Reference) 1 (Reference)

Lower lobe 0.85 (0.70–1.02) 0.088 0.90 (0.72–1.12) 0.335

T stage

T1 1 (Reference) 1 (Reference)

T2 1.20 (1.00–1.44) 0.047 1.25 (1.01–1.55) 0.038

Local treatment

Surgery 1 (Reference) 1 (Reference)

Radiotherapy 1.75 (1.40–2.18) <0.001 1.68 (1.35–2.10) <0.001

Chemotherapy

Yes 1 (Reference) 1 (Reference)

No 1.27 (1.02–1.59) 0.034 1.24 (0.96–1.60) 0.100

IPTW, inverse probability of treatment weighting; HR, hazard ratio; CI, confidence interval.
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pattern in the patients aged 70–75 years. However, after 
the age of 75, the risk of death plateaued, and then slightly 
increased after the age of 85 years.

Cause-specific mortality by competing risk analyses

At last contact, 183 patients (26.7%) had been censored, and 
502 patients (73.3%) had died. Among these 502 patients, 
140 (20.4%) had died from SCLC, 356 (52.0%) from other 
causes, and 6 (0.9%) for unknown reasons. The competing 
risk survival results are presented in Figure 5. In the whole 
cohort (Figure 5A), the patients in the surgery group had a 
lower 5-year cumulative incidence estimate of cause-specific 
mortality than those in the radiotherapy group (53.6% vs. 
61.0%, P=0.01). There was no significant difference in the 
5-year cumulative incidence rates of non-cancer deaths 
between the surgery and radiotherapy groups (15.9% vs. 
21.5%, P=0.15).

As patients aged ≥80 years are typically considered 
very elderly patients, we selected 80 years as the cut-off 
point and divided the patients into the 70–80-year-old age 
group and ≥80-year-old age group. For the patients aged  
70–80 years (Figure 5B), the 5-year cumulative incidence 
estimate of cause-specific mortality of the surgery 
group (49.5%) was significantly lower than that of the 
radiotherapy group (59.5%) (P=0.008). For patients aged 
≥80 years (Figure 5C), no significant difference was observed 
in the 5-year cumulative incidence rates of cancer-related 
death between the surgery and radiotherapy groups (66.3% 
vs. 64.9%, P=0.66).

Discussion

The optimal management of elderly patients with early-stage 
(T1–2N0M0) SCLC continues to be debated. In the era of 
modern staging and treatments, no randomized controlled 
trials have compared surgery to radiation to determine the 
best local treatment approach for such aging populations. 
Previous retrospective studies of large databases have shown 
the benefit of surgery in the management of T1–2N0 
SCLC and reported a 5-year rate survival ranging from 50–
60% (8,14-17). Current oncology practice guidelines (9,10) 
recommend surgical resection for tumor-node-metastasis 
(TNM) stage T1–2N0 SCLC. The evidence available on 
fractionated radiotherapy in early-stage SCLC is limited. 
A secondary analysis of the CONVERT trial (18) revealed 
that concurrent chemoradiotherapy (CRT) provided the 
stage I–II SCLC patients (who represented 16.9% of the 
enrolled patients) with a long-term OS rate (a 5-year OS 
rate of 49%) comparable to that of those who received 
surgery with acceptable toxicities, but individuals aged  
≥70 years represented only 15% of all the enrolled patients. 
A subsequent age-subgroup analysis of the CONVERT trial 
suggested comparable survival and toxicity between older 
patients (aged ≥70 years) and younger patients receiving 
concurrent CRT with modern radiotherapy techniques (19).

A few retrospective studies have demonstrated that 
SBRT might be a promising approach for early-stage SCLC 
patients (20,21). The multi-institutional cohort study by 
Verma et al. (20) reported a 3-year OS rate of 34.0% with 
low rates of toxicity in inoperable stage I (T1–2N0) SCLC 
patients treated with SBRT. As a result, oncology guidelines 
now include radiotherapy as an option for the treatment of 
T1–2N0 SCLC patients who are inoperable or refuse to 
receive surgery. However, the oncology guidelines cannot 
be directly extended to elderly patients aged ≥70 years 
due to the lack of randomized and retrospective studies in 
elderly patients, and concerns related to their treatment 
tolerance and limited life expectancy.

To our knowledge, this was the first retrospective study 
to compare local-treatment patterns among patients aged 
≥70 years diagnosed with stage T1–2N0 SCLC in the era 
of modern staging and treatments. The use of surgery 
fluctuated among elderly patients with T1–2N0 SCLC 
from 2004 to 2018 and was associated with superior OS 
compared to radiotherapy. The benefit of surgery in terms 
of OS remained significant in multivariate models and an 
IPTW-adjusted cohort after controlling for potential known 
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confounders. The competing risk analyses showed that 
surgery had a consistent cancer-specific survival advantage 
over radiotherapy. However, the survival benefit of surgery 
compared to radiotherapy disappeared in patients aged 
≥80 years with T1–2N0 SCLC in the subgroup analyses. 
These results suggested that local-treatment protocols 
for octogenarians with T1–2N0 SCLC should be further 
investigated, as there may be a subset of patients who will 
not benefit from surgery.

Despite evidence supporting a favorable prognosis in 
the surgery group of all-age early-stage (T1–2N0) SCLC 
patients, analyses of the National Cancer Database (NCDB) 
in 2004–2013 revealed an underutilization of surgical 
resection; only 22.7% patients received surgery despite 
having no identified contraindications to surgery (22).  
Previous studies have shown that age is inversely associated 
with the resection rate for early-stage SCLC (15,22,23). 
Jazieh et al. found that elderly patients were less likely 
to undergo surgery due to comorbidities and a lower 
performance status (23). Our study revealed that among the 
relatively fit elderly early-stage SCLC patients who received 
local treatment, only 26.6% underwent surgical resection, 
which was approximately one third of the number of 
patients who received radiotherapy. In terms of the trends 
of using surgery and radiation over time, no significant 
change was observed in the patients diagnosed in 2004 
and those diagnosed in 2018. However, a fluctuation was 
observed in the rate of radiotherapy with an increase from 
68.9% in 2004 to a peak of 88.0% in 2012, followed by a 
decline to 67.3% in 2018. The increased use of radiotherapy 
in 2004–2012 was inconsistent with the trend toward 
radiotherapy technique advances and the wider acceptance 

of SBRT for early-stage SCLC. A population-based study 
of NCDB found that the use of SBRT increased from 2004 
(0.4% of all stage I SCLC patients diagnosed that year) 
to 2013 (6.4%) (24). The reason for the decline in the use 
of radiotherapy in 2013–2018 was unclear. Institutional 
practice changes affected by the guidelines recommending 
surgery for operable early-stage SCLC may have 
contributed to the increased use of surgery in 2013–2018. It 
has been acknowledged by physicians that age alone should 
not be a contraindication for curative surgical resection.

As expected, the survival of lung cancer patients 
decreases as age increases (25). In our study, the 5-year 
OS rates were 30.6% with surgery and 17.6% with 
radiotherapy, which were far lower than the 5-year survival 
rate (of approximately 50%) reported in previous research 
on surgery or radiotherapy for early-stage SCLC (7,8,18). 
Our study also found that increases in age were related to 
increases in the mortality rate in a age-dependent pattern 
until the age of 75, and after the age of 75, the mortality 
rate plateaued, only to slightly increase in patients aged 
≥85 years. The increase in mortality with age in the elderly 
might be related to several factors, including an increased 
risk of comorbidity-related mortality, death due to 
treatment toxicities, or death from cancer progression due 
to reduced treatment intensity. It is reasonable to speculate 
that there is an inverse relationship between the proportion 
of patients receiving curative local treatment and age. Schild 
et al. (26) reported that only 26% of octogenarians (aged 
≥80 years) with SCLC received local therapy. Only elderly 
patients who underwent local therapy were enrolled in our 
study. The small sample size of patients aged ≥75 years in 
our study may explain the inconsistent relationship between 
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mortality and age for patients aged ≥75 years old compared 
to those aged 70–75 years.

As SCLC is an exceptionally chemo-responsive 
disease with a strong predilection for early metastasis, the 
current NCCN guidelines recommend either adjuvant 
chemotherapy after resection/SBRT or concurrent 
chemotherapy with radiotherapy for early-stage SCLC (9).  
Our study found that 70.1% of the elderly patients 
with early-stage SCLC received chemotherapy. The 
multivariable analysis revealed that the administration of 
chemotherapy was correlated with superior survival. In 
terms of chemotherapy for elderly patients with limited-
stage SCLC, a population-based study in the Netherlands 
found that patients who received chemotherapy had 
significantly superior survival, which is consistent with 
our results. In terms of chemotherapy compliance, 
Janssen-Heijnen et al. reported that as many as 70% 
of elderly patients experienced toxicity, which led to 
the early termination of chemotherapy in over 50% of 
the patients (27). A CONVERT and Intergroup 0096 
subgroup analysis showed similar survival between age 
groups for limited-stage SCLC who received concurrent 
CRT, but more treatment-related mortality and worse 
toxicity were observed in the elderly patients than their 
younger counterparts (19,28). These studies highlight 
that age alone should not preclude considerations of 
chemotherapy. A validated functional assessment tool, such 
as the comprehensive geriatric assessment (CGA), can be 
used to identify fit elderly patients who are able to receive 
chemotherapy and should be introduced into clinical 
practice (29,30). Our findings suggest that elderly patients 
should be considered for chemotherapy, and chemotherapy 
regimens should deviate according to each individualized 
patient’s performance or medical comorbidities.

Our results are particularly relevant because there is a 
lack of robust evidence to guide local-treatment patterns in 
elderly early-stage SCLC patients. However, this study had 
several limitations. First, this retrospective study is subject 
to unmeasured confounders. We attempted to minimize this 
bias through the IPTW adjustment, but this cannot fully 
account for unmeasured bias. Second, detailed information 
about radiotherapy, including the radiotherapy technique 
and fractionation, was not available in the SEER database. 
As a result, we could not compare the effect of fractionated 
radiotherapy with SBRT. Third, we did not have data on 
measures of comorbidity and functional status. Disparities 
in performance status may have partially contributed to the 
inferior prognosis in the radiotherapy group. Further, data 

on the treatment-related toxicities and quality of life were 
not available in the SEER database, which are essential 
factors that should be taken into account when making 
treatment decisions.

Conclusions

In conclusion, our findings suggest that elderly patients 
with T1–2N0M0 SCLC who are candidates for surgery 
should be strongly considered for surgery with adjuvant 
chemotherapy, which appeared to confer a prolonged 
OS compared to radiation as the local treatment before 
and after the IPTW adjustment. In addition, surgery 
was superior to radiotherapy in terms of cancer-specific 
survival in the patients aged 70–80 years. Beyond a patient’s 
chronologic age, their individual risks and preferences, 
should be considered when making treatment decisions 
for elderly patients with T1–2N0M0 SCLC. Prospective 
studies need to be conducted to confirm our findings.
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