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Abstract

Background: The aim of the study was to delineate the treatment 
modalities and survival outcomes in patients with stage T1-2N0M0 
small cell lung cancer (SCLC) who underwent surgery.

Methods: SCLC patients from the Surveillance, Epidemiology, and 
End Results databases between 2000 and 2020 were investigated. Ka-
plan-Meier survival analysis was employed to assess cancer-specific 
survival (CSS) and overall survival (OS) across diverse therapeutic 
strategies.

Results: The study included 190 patients. Treatment modalities in-
cluded surgery alone in 65 patients (34.2%), surgery + chemother-
apy in 70 patients (36.8%), surgery + radiotherapy in three patients 
(1.6%), and surgery + chemoradiotherapy in 52 patients (27.4%). The 
median CSS remained undetermined for the surgery alone group, 
whereas it was 123 and 113 months for the surgery + chemotherapy 
and surgery + chemoradiotherapy groups. Median OS was 47, 84, 
and 50 months for these groups. Multivariate Cox regression analysis 
revealed that patients receiving surgery + chemotherapy exhibited a 
significantly enhanced OS (hazard ratio (HR) = 0.60, 95% confidence 
interval (CI): 0.38 - 0.94; P = 0.028) compared to those undergoing 
surgery alone. However, the integration of radiotherapy did not im-
prove OS compared to surgery alone (HR = 0.72, 95% CI: 0.44 - 1.15; 
P = 0.170).

Conclusion: Adjuvant chemotherapy improved OS compared to sur-
gery alone. However, the addition of radiotherapy did not prolong 
OS.

Keywords: Small cell lung cancer; Tumor stage; Surgery; Chemo-
therapy; Radiotherapy

Introduction

Small cell lung cancer (SCLC) is a highly aggressive cancer 
type, accounting for approximately 15% of all lung cancer cas-
es [1]. The standard treatment for extensive stage SCLC, as per 
the two-stage classification system of the Veterans Adminis-
tration Lung Study Group (VALSG), involves immunotherapy 
combined with chemotherapy [2-8]. Concurrent chemoradio-
therapy is the recommended treatment for patients with limited 
stage SCLC [9, 10].

Due to advancements in effective lung cancer screen-
ing, there has been an increase in the detection of early-stage 
SCLC [11]. However, the 5-year overall survival (OS) rate 
for patients with stage T1-2N0M0 SCLC receiving concur-
rent chemoradiotherapy is around 25% [12]. Even when im-
munotherapy is added to enhance prognosis, several factors 
impact its efficacy [13-16]. In contrast, surgical resection 
has been demonstrated to provide a 5-year OS of 50% for 
these patients [17, 18], positioning it as a viable alternative to 
concurrent chemoradiotherapy [12, 19-21]. Despite this, the 
role of adjuvant therapies post-surgical resection in stage T1-
2N0M0 SCLC patients is still not well-defined, largely due 
to the rarity of this cancer subtype and the heterogeneity ob-
served in patient groups across various retrospective studies 
[22-25]. This study aimed to assess the treatment patterns and 
clinical outcomes in patients with stage T1-2N0M0 SCLC 
who underwent surgery.

Materials and Methods

Database

The Surveillance, Epidemiology, and End Results (SEER) data-
base, administered by the National Cancer Institute, is a compre-
hensive population-based oncological registry. It compiles data 
on incidence, mortality, and morbidity of prevalent malignan-
cies. For this retrospective analysis, we employed SEER*Stat 
software (version 8.4.2) [26] to extract SCLC patient data span-
ning 2000 - 2020. SCLC identification adhered to the ICD-O-3 
histology criteria, encompassing small cell carcinoma, NOS 
(8041/3), oat cell carcinoma (8042/3), small cell carcinoma, 
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fusiform cell (8043/3), and small cell carcinoma, intermediate 
cell (8044/3). Ethics approval was waived by the ethics commit-
tee/Institutional Review Board of Guangxi Medical University 
Cancer Hospital. The study was conducted in compliance with 
the ethical standards of the responsible institution on human 
subjects as well as with the Helsinki Declaration.

Inclusion criteria

This study encompassed SCLC patients who met the following 
inclusion criteria: 1) histopathologically confirmed SCLC; 2) 
diagnosed as the first primary SCLC; 3) at stage T1-2N0M0; 
and 4) underwent surgery. Eligible participants were SCLC 
patients satisfying these criteria: 1) histopathologically con-
firmed SCLC; 2) diagnosed as the initial primary malignancy; 
3) classified at stage T1-2N0M0; and 4) underwent surgical in-
tervention. Extracted patient characteristics included age, sex, 
race, primary site, tumor location, grade, T stage, and treat-
ment modalities.

Treatment patterns

Patients at stage T1-2N0M0 post-surgery were categorized 
into one of four treatment groups in the SEER database: sur-
gery alone, surgery + chemotherapy, surgery + radiotherapy, 
and surgery + chemoradiotherapy. The surgery alone cohort 
comprised individuals who received no adjunctive therapy 
post-surgery. The surgery + chemotherapy group included pa-
tients who underwent chemotherapy subsequent to surgery. In 
the surgery + radiotherapy category, patients received radio-
therapy following surgery. The surgery + chemoradiotherapy 
group involved patients treated with both chemotherapy and 
radiotherapy after surgery.

Endpoints

OS was the primary endpoint, representing the time from diag-
nosis to death from any cause, as recorded in SEER. Cancer-
specific survival (CSS), the secondary endpoint, was defined 
as the time from diagnosis to death directly attributed to SCLC, 
according to SEER records.

Statistical analysis

Age, treated as a continuous variable, was categorized around 
its median. Comparative analyses of categorical variables 
(age, sex, race, primary site, tumor location, tumor grade, and 
T stage) across treatment modalities utilized the χ2 test or Fish-
er’s exact test as appropriate.

CSS and OS were compared using Kaplan-Meier methods, 
with log-rank test statistics for pairwise group comparisons. 
Univariable proportional hazards regression identified po-
tential prognostic factors. Multivariable proportional hazards 
regression, adjusting for age, sex, race, primary site, tumor lo-

cation, tumor grade, T stage, and treatment patterns, isolated 
independent prognostic indicators. Outcomes are reported as 
hazard ratios (HRs) with 95% confidence intervals (CIs).

Statistical procedures were conducted using SPSS Statis-
tics (Version 26.0; IBM Co., Armonk, NY, USA) and R soft-
ware (version 4.2.2). Statistical significance was determined 
with a two-tailed P-value threshold of < 0.05.

Results

Patient characteristics

As depicted in Figure 1, out of 894 patients identified with 
stage T1-2N0M0 SCLC, 190 underwent surgical treatment as 
their initial therapy. Within this cohort, 65 patients (34.2%) 
received surgery alone, 70 (36.8%) underwent surgery + 
chemotherapy, three (1.6%) had surgery + radiotherapy, and 
52 (27.4%) received surgery + chemoradiotherapy.

Given the small number in the surgery + radiotherapy 
group, our survival analysis principally compared the surgery 
alone, surgery + chemotherapy, and surgery + chemoradio-
therapy groups. Table 1 delineates the baseline clinical char-
acteristics (age, sex, race, primary site, tumor location, grade, 
and T stage), which were comparably distributed among the 
three groups.

The median follow-up times for each group were: 47 
months (interquartile range (IQR): 13 - 73 months) for surgery 
alone, 62.5 months (IQR: 24 - 83 months) for surgery + chem-
otherapy, and 49 months (IQR: 29 - 78 months) for surgery + 
chemoradiotherapy.

CSS

The median CSS was not reached for the surgery alone group, 
while it was 123 and 113 months for the surgery + chemo-
therapy and surgery + chemoradiotherapy groups, respectively 
(Fig. 2). The 5-year CSS rates were 64.0% for surgery alone, 
65.1% for surgery + chemotherapy, and 60.1% for surgery + 
chemoradiotherapy. Pairwise comparisons revealed no signifi-
cant differences in CSS among these groups (P-values: 0.629, 
0.869, and 0.762, respectively).

Unadjusted analyses indicated no significant prognostic 
impact on CSS for both surgery + chemotherapy (HR = 0.87, 
95% CI: 0.50 - 1.51; P = 0.612) and surgery + chemoradio-
therapy (HR = 0.94, 95% CI: 0.52 - 1.70; P = 0.839) using sur-
gery alone as a reference (Table 2). Multivariable proportional 
hazard regression analysis confirmed no significant independ-
ent prognostic value for CSS in surgery + chemotherapy (HR 
= 0.85, 95% CI: 0.47 - 1.52; P = 0.579) and surgery + chemo-
radiotherapy (HR = 0.83, 95% CI: 0.45 - 1.53; P = 0.545) 
groups (Fig. 3).

OS

The median OS was 47 months for the surgery alone group, 
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84 months for the surgery + chemotherapy group, and 50 
months for the surgery + chemoradiotherapy group (Fig. 4). 
The 5-year OS rates were 41.2% for surgery alone, 57.1% 
for surgery + chemotherapy, and 49.0% for surgery + chemo-
radiotherapy. Notably, surgery + chemotherapy significantly 
improved OS compared to surgery alone (P = 0.043), while 
no significant OS differences were observed between the 
surgery alone and surgery + chemoradiotherapy groups (P = 
0.278), nor between the surgery + chemotherapy and surgery 
+ chemoradiotherapy groups (P = 0.389).

Unadjusted analysis showed surgery + chemotherapy 
emerged as a prognostic factor for OS (HR = 0.62, 95% 
CI: 0.40 - 0.97; P = 0.036), in contrast to surgery + chemo-
radiotherapy (HR = 0.76, 95% CI: 0.48 - 1.21; P = 0.253) 
using surgery alone as a reference (Table 2). Multivariable 
proportional hazard regression analysis reinforced surgery 
+ chemotherapy as an independent prognostic factor for OS 
(HR = 0.60, 95% CI: 0.38 - 0.94; P = 0.028), while surgery 
+ chemoradiotherapy did not show independent prognostic 

significance (HR = 0.72, 95% CI: 0.44 - 1.15; P = 0.170) 
(Fig. 5).

Discussion

The VALSG two-stage classification system has been a cor-
nerstone in SCLC management over the past decades, typi-
cally advocating concurrent chemoradiotherapy for stage 
T1-2N0M0 SCLC. However, there has been a paradigm shift 
towards adopting the tumor-node-metastasis (TNM) system, 
offering a more granular staging approach, crucial for clinical 
trial design and treatment selection [27].

In the case of stage cT1-2N0M0 lung cancer, surgical 
resection often precedes preoperative biopsy, leading to a 
preference for surgery over concurrent chemoradiotherapy 
in many SCLC cases [12, 19-21]. Previous research posited 
surgery as a superior treatment modality compared to concur-
rent chemoradiotherapy [12, 20, 21]. Nonetheless, the aggres-

Figure 1. Flowchart illustrating the patient selection process. CRT: chemoradiotherapy; CT: chemotherapy; RT: radiotherapy; 
SCLC: small cell lung cancer.
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sive and neuroendocrine nature of SCLC frequently results in 
local-regional recurrences or distant metastases within 5 years 
post-surgery in about 50% of cases [28-30]. Hence, the role of 
adjuvant therapies becomes critical.

Our study indicated a significant proportion (34.2%) 
of surgically treated patients did not receive any adjuvant 
therapies, whereas 36.8% received adjuvant chemotherapy 
and 27.4% underwent chemoradiotherapy. This trend aligned 
with prior findings [25, 31], underscoring chemotherapy as 
the prevalent adjuvant therapy, substantially improving OS 
and reducing early mortality compared to surgery alone [25, 
31, 32].

The efficacy of adjuvant radiotherapy in enhancing sur-
vival for stage T1-2N0M0 SCLC patients remains debated. 
Li et al [23] reported significant median OS (8.58 vs. 5.17 
years, HR = 0.61, 95% CI: 0.39 - 0.96; P = 0.032) and median 
CSS (11.33 vs. 8.08 years, HR = 0.47, 95% CI: 0.27 - 0.82; P 
= 0.0086) improvement with adjuvant radiotherapy. In con-
trast, Wong et al (25) indicated an inferior impact on 5-year 
OS rate (39% for radiotherapy versus 43% for surgery) in 

stage T1-2N0M0 SCLC patients. Similarly, a National Can-
cer Database study found comparable 5-year OS rates be-
tween adjuvant radiotherapy + chemotherapy and adjuvant 
chemotherapy (52% vs. 53%, P = 0.89) [24]. Our study cor-
roborated the latter, indicating no significant improvement 
with adjuvant radiotherapy.

The varying outcomes in previous studies could be attrib-
uted to heterogeneity in patient grouping and treatment mo-
dalities. Unlike prior studies that dichotomized patients into 
adjuvant radiotherapy versus no adjuvant radiotherapy groups 
[23, 25], our study’s classification into surgery alone, surgery 
+ chemotherapy, surgery + radiotherapy, or surgery + chemo-
radiotherapy offered more nuanced insights.

The potential benefits of immunotherapy in the context of 
SCLC treatment, especially post-surgery and adjuvant chemo-
therapy, are highlighted by findings in non-small cell lung can-
cer (NSCLC). The IMpower010 trial demonstrated a signifi-
cant disease-free survival benefit with atezolizumab compared 
to best supportive care in patients with resected stage II-IIIA 
NSCLC after adjuvant chemotherapy (HR = 0.66, 95% CI: 

Table 1.  Patient Characteristics

Surgery alone (n = 65) Surgery + CT (n = 70) Surgery + CRT (n = 52) P

Age 0.532

  < 67 36 (55.4%) 32 (45.7%) 26 (50.0%)

  ≥ 67 29 (44.6%) 38 (54.3%) 26 (50.0%)

Sex 0.673

  Female 41 (63.1%) 39 (55.7%) 30 (57.7%)

  Male 24 (36.9%) 31 (44.3%) 22 (42.3%)

Race 0.423

  White 61 (93.8%) 68 (97.1%) 49 (94.2%)

  Black 3 (4.7%) 0 (0.0%) 2 (3.9%)

  Others 1 (1.5%) 2 (2.9%) 1 (1.9%)

Site 0.575

  Upper lobe 45 (69.2%) 44 (62.9%) 28 (53.8%)

  Middle lobe 4 (6.2%) 5 (7.1%) 3 (5.8%)

  Lower lobe 15 (23.1%) 20 (28.6%) 18 (34.6%)

  Others 1 (1.5%) 1 (1.4%) 3 (5.8%)

Laterality 0.516

  Left 30 (46.2%) 29 (41.4%) 27 (51.9%)

  Right 35 (53.8%) 41 (58.6%) 25 (48.1%)

Grade 0.124

  III/IV 45 (69.2%) 37 (52.9%) 34 (65.4%)

  I/II/unknown 20 (30.8%) 33 (47.1%) 18 (34.6%)

T stage 0.363

  T1N0M0 38 (58.5%) 48 (68.6%) 36 (69.2%)

  T2N0M0 27 (41.5%) 22 (31.4%) 16 (30.8%)

CRT: chemoradiotherapy; CT: chemotherapy.
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0.50 - 0.88; P = 0.0039) [33, 34]. This suggested that incorpo-
rating immunotherapy post-surgery and adjuvant chemother-
apy in stage T1-2N0M0 SCLC patients may further improve 
survival rates.

Similarly, the KEYNOTE-091 trial indicated that pem-
brolizumab significantly enhanced disease-free survival 
compared to placebo in stage IB-IIIA NSCLC patients fol-
lowing complete resection with or without adjuvant chemo-
therapy (HR = 0.76, 95% CI: 0.63 - 0.91; P = 0.0014) [35]. 
Therefore, adjuvant chemotherapy may be avoided in stage 
T1-2N0M0 SCLC patients undergoing surgery, especially for 
patients who are not tolerant to chemotherapy. These insights 
support the exploration of postoperative immunotherapy in 
SCLC.

Therefore, incorporating immunotherapy into the treat-
ment regimen for patients with stage T1-2N0M0 SCLC under-
going surgery and/or adjuvant chemotherapy presents a prom-
ising avenue for exploration. Future research should focus on 
the role of immunotherapy in SCLC treatment, particularly in 
the adjuvant setting.

Additionally, the PACIFIC trial showed that adjuvant im-

munotherapy significantly improved progression-free survival 
(HR = 0.55, 95% CI: 0.45 - 0.68) and overall survival (HR = 
0.72, 95% CI: 0.59 - 0.89) in NSCLC patients post-concurrent 
chemoradiotherapy [36, 37]. This implied that in SCLC pa-
tients who were not candidates for surgery, adjuvant immuno-
therapy after concurrent chemoradiotherapy could potentially 
enhance survival rates.

Furthermore, the KEYNOTE-799 trial reported promis-
ing antitumor activity and manageable safety of pembroli-
zumab combined with concurrent chemoradiotherapy in pa-
tients with previously untreated, locally advanced, stage III 
NSCLC [38]. Therefore, the integration of immunotherapy 
with concurrent chemoradiotherapy might be beneficial in 
improving survival rates for stage T1-2N0M0 SCLC pa-
tients.

It is important to acknowledge certain limitations, par-
ticularly pertaining to the data source. The SEER database 
does not provide comprehensive details on adjuvant chemo-
therapy regimens, including specific drugs used, dosages, 
and the number of cycles administered. Thus, caution is ad-
vised when extrapolating these findings to clinical practice. 

Figure 2. Comparison of cancer-specific survival among different treatment patterns.
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Considering the recommendations for NSCLC, a regimen of 
four cycles of adjuvant etoposide + cisplatin or etoposide + 
carboplatin may be reasonable for SCLC patients undergoing 
surgery.

In conclusion, our study highlighted that adjuvant chemo-
therapy significantly improved OS compared to surgery alone 
in stage T1-2N0M0 SCLC patients. However, the addition of 
radiotherapy did not demonstrate a similar benefit. Continued 
research and clinical trials are essential to refine treatment 
strategies and further understand the role of adjuvant therapies 
in this patient population.
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Table 2.  Univariable Proportional Hazards Regressions

Cancer-specific survival Overall survival
HR 95% CI P HR 95% CI P

Age
  < 67 Reference Reference
  ≥ 67 1.82 1.13 - 2.93 0.014 1.74 1.19 - 2.55 0.004
Sex
  Female Reference Reference
  Male 1.13 0.71 - 1.82 0.600 1.15 0.79 - 1.69 0.455
Race
  White Reference Reference
  Black 2.41 0.76 - 7.69 0.137 1.48 0.47 - 4.67 0.506
  Others 1.52 0.37 - 6.22 0.559 1.55 0.49 - 4.89 0.458
Site
  Upper lobe Reference Reference
  Middle lobe 0.78 0.31 - 1.98 0.604 0.45 0.18 - 1.12 0.085
  Lower lobe 0.80 0.47 - 1.38 0.427 0.69 0.45 - 1.07 0.100
  Others 1.56 0.48 - 5.01 0.459 0.91 0.29 - 2.88 0.870
Laterality
  Left Reference Reference
  Right 0.67 0.42 - 1.07 0.093 0.68 0.47 - 0.99 0.047
Grade
  III/IV Reference Reference
  I/II/unknown 0.91 0.56 - 1.47 0.698 0.85 0.58 - 1.25 0.413
T stage
  T1N0M0 Reference Reference
  T2N0M0 1.20 0.74 - 1.94 0.450 1.10 0.74 - 1.62 0.641
Treatment
  Surgery alone Reference Reference
  Surgery + CT 0.87 0.50 - 1.51 0.612 0.62 0.40 - 0.97 0.036
  Surgery + CRT 0.94 0.52 - 1.70 0.839 0.76 0.48 - 1.21 0.253

CI: confidence interval; CRT: chemoradiotherapy; CT: chemotherapy; HR: hazard ratio.
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Figure 3. Multivariate regression analysis of prognostic factors for cancer-specific survival.

Figure 4. Comparison of overall survival among different treatment patterns.
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