
258	 © 2024 Annals of Thoracic Medicine | Published by Wolters Kluwer - Medknow 

Effect of surgery on survival of 
patients with small‑cell lung cancer 
undiagnosed before resection
Brice Caput, Laura Peretti1, Stephanie Lacomme2, Angelica Tiotiu3,4

Abstract:
BACKGROUND: Standards of treatment for limited‑stage small‑cell lung cancer (SCLC) include 
chemoradiotherapy. The place of the surgery in this indication is still debated. The objective of this 
study was to evaluate the overall survival  (OS) in patients who underwent surgery for an SCLC 
undiagnosed before resection in the University Hospital of Nancy, France. Secondarily, the impact 
of surgery on recurrence‑free survival (RFS) was analyzed.
METHODS: All the patients who underwent lung resection in the Department of Thoracic Surgery, 
from 1991 to 2018, and a diagnosis of SCLC after surgery were included. OS and RFS were analyzed 
according to the resection type, postoperative staging, and lymph node extension.
RESULTS: Sixty‑one patients were included. The median OS was higher in patients with lobectomy 
than those with pneumonectomy (26 [8.4–208.7] vs. 12 [3.4–27.6] months, P < 0.001) in stage I 
compared to other stages  (58  [8.4–208.7] vs. 17  [3.4–83.5] months, P = 0.002), and N0‑1 than 
N2  (25  [3.6–208.7] vs. 15  [3.4–83.5] months, P = 0.01). RFS was also significantly higher after 
lobectomy than after pneumonectomy (17  [1.6–184.9] vs. 8  [0.5–17.6], P < 0.001), stage I than 
stages II‑III (35 [5–184.9] vs. 11 [0.5–42.4], P < 0.001) and N0‑1 compared to N2 (25 [1.6–184.9] vs. 
9 [0.5–16.5] months, P = 0.006). In multivariate analysis, the only independent factor influencing the 
OS was the pneumonectomy (hazard ratios = 3.19; 95% confidence interval [1.46–6.98], P = 0.004).
CONCLUSION: Surgical resection of stage I SCLC may lead to better OS and RFS. N1 patients 
should not automatically be excluded from surgery. Lobectomy with regional lymph node resection 
is the preferable choice of surgery.
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Small‑cell lung cancer (SCLC) represents 
15%–20% of all primary lung cancers. 

SCLC is an aggressive cancer with a 
median doubling time of 50  days and 
high metastatic potential: Two‑thirds of 
patients are diagnosed with at least one 
metastasis at baseline.[1] Without treatment, 
its prognosis is very poor with a median 
survival of 2–4 months after diagnosis.[2] In 
patients with one metastasis on diagnosis, 
5‑year survival is estimated at 5%.[1] It is, 
therefore, an emergency to treat SCLC when 
diagnosed.

The gold‑standard treatment for the 
early stage of SCLC is chemotherapy 
with platinum‑etoposide associated 
with mediastinal radiotherapy, to which 
may be added prophylactic cranial 
irradiation  (PCI).[3,4] In nonmetastatic 
SCLC receiving standard treatment, the 
overall 5‑year survival rate is 16%–26%, 
and the median overall survival  (OS) is 
19–23 months.[5]

The place of the surgery in the management 
of the SCLC should be better defined. 
Various studies report that 41%–57% 
of SCLCs are diagnosed during lung 
surgery on extemporaneous histological 
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analysis.[4] Despite that several international guidelines 
now recommend surgical resection in the early stage of 
SCLC (T1‑2, N0‑1) based on previous studies showing 
a longer survival in patients treated by surgery with 
adjuvant therapy than those receiving nonsurgical 
treatment, the surgery is referred to as “option” in the 
French guidelines.[3,6‑12] However, progress in practice 
was recently observed with the surgery more frequently 
performed in SCLC patients from only 7% in 2004 to 
21% in 2013.[13]

The present study had as its principal objective to 
evaluate the impact of surgery on the OS in patients with 
SCLC diagnosed during the intervention, depending 
on the type of resection and the stage of disease. The 
secondary aim was to estimate the effect of surgery on 
recurrence‑free survival (RFS) in this population.

Methods

Ethics
We included all the patients with an SCLC diagnosis on 
the histological examination of the resection specimen 
from January 1, 1991, to December 31, 2018, in the 
University Hospital of Nancy, France. The patients with 
metastatic disease, composite SCLC, and those receiving 
chemotherapy or radiotherapy before surgery were 
excluded. The study was approved by the Institutional 
Review Board of the French Learned Society for 
Respiratory Medicine  –  Société de Pneumologie de 
Langue Française  (CEPRO 2022‑036). Written consent 
was obtained from the patients or their families before 
the inclusion in the study.

Patient data and study design
We collected demographic and clinical data: age, gender, 
smoking status, the number of tobacco pack‑years, date 
of surgery, surgical resection type  (wedge‑resection, 
lobectomy, bilobectomy, or pneumonectomy), stage 
of disease, date and site of recurrence, complementary 
treatments  (chemotherapy/radiotherapy), vital status 
at inclusion in the study, and date of death. All 
histopathologic findings were checked, and each case 
was restaged on the basis of imaging according to the 
8th  tumor‐node‐metastasis  (TNM) classification of the 
International Association for the Study of Lung Cancer.[14] 
Recurrence was defined as signs of disease evolution 
on computed tomography (CT‑scan) validated during 
the multidisciplinary meetings, including a thoracic 
oncologist, surgeon, radiologist, radiotherapy specialist, 
and pathologist without histopathological proof. 
Postoperative death was considered when occurring 
within 30 days after surgery.

The primary study endpoint was OS, defined as the time 
period elapsed between the date of surgery and the date 

of death of any cause. The secondary endpoint was RFS, 
defined as the time from the date of surgery to the date 
of disease recurrence on the CT scan.

Statistics
Patient characteristics were reported using standard 
statistical descriptions: number, percentage  (for the 
qualitative variables), median and interquartile, or 
mean and standard deviation  (for the quantitative 
variables). Survival curves were estimated by the 
Kaplan–Meier method, analyzed, and compared 
by the log‑rank test. OS and RFS were calculated 
and compared for the entire population and in 
the subgroups according to the surgical resection 
type, TNM staging, and mediastinal lymph node 
extension (N0‑1 vs. N2 patients).

Potential factors influencing OS were identified through 
univariate analysis by Cox proportional hazard models. 
A multivariate analysis with step‑wise logistic regression 
was performed after the univariate analysis. The results 
were presented as hazard ratios  (HR) with a 95% 
confidence interval  (CI). Statistical significance was 
defined as P < 0.05 for all the tests. The analyses were 
performed using SAS software 9.4 (SAS Institute, Cary, 
North Carolina).

Results

Patient characteristics
Eighty patients underwent lung surgery for SCLC 
in the University Hospital of Nancy, France, from 
1991 to 2018. Nineteen patients were excluded, 
and 61 were analyzed  [Figure  1]. At the end of the 
follow‑up, only 14  (23%) patients were still alive. 
Forty‑seven patients  (77%) had died for different 
reasons: postoperative complications  (4.9%), tumor 
recurrence (50.8%), or other causes unrelated to those 
enumerated (21.3%). Three patients died after surgery; 
two of them were treated by pneumonectomy.

The mean age of patients at surgery was 65.0 ± 7.0 years, 
and more than 95% of patients were current smokers 
with tobacco consumption evaluated at 40.1  ±  28.0 
pack‑years. The masculine gender was predominant 
in this study population  (80.3% of patients). There 
were 42 lobectomies  (68.9%)  (including four 
bilobectomies), 15 pneumonectomies  (24.6%), and 4 
wedge resections (6.5%). Twenty patients (32.8%) were 
classified with postoperative stage I, 16  (26.2%) with 
stage II, and 25 (41%) with stage III  (14 patients were 
IIIA and 11 patients IIIB). Fifty‑one resections (83.6%) 
were complete  (R0), seven resections  (11.5%) were 
incomplete  (R1), and margin involvement was not 
specified on the histological examination for 3  (4.9%) 
patients.
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Fourteen patients  (22.9%) had no adjuvant treatment, 
27  (44.3%)  –  concurrent radiochemotherapy, 
18 (29.5%) – chemotherapy, and 2 (3.3%) – radiotherapy. 
Twenty patients (32.8%) received PCI. More than half 
of patients (54.1%) have a tumor recurrence during the 
follow‑up. Population characteristics are summarized 
in Table 1.

Overall survival
The median OS for all surgical resection types and 
all stages of the disease was 21  (3.4–208.7) months, 
with corresponding 1‑year, 5‑year, and 10‑year 
survival rates of 65.5%, 23.3%, and 8.9%. There were 
significant differences in OS according to surgical 
resection type. The median OS was significantly 
better after lobectomy/bilobectomy than after 
pneumonectomy  (26  [8.4–208.7] months vs. 12  [3.4–
27.6] months P  <  0.001). One‑year, 5‑year, and 
10‑year survival rates after lobectomy/bilobectomy 
were 73.9%, 30%, and 10.9%, whereas there were no 
survivors 30 months after pneumonectomy. Very few 
patients underwent wedge resection, and the median 
OS was 26 (8.6–42.7) months [Figure 2a].

Similarly, the median OS was significantly higher 
in patients with stage I of the disease than for other 

stages (58 [8.4–208.7] months vs. 17 [3.4–83.5] months, 
P = 0.002), with a 1‑year, 5‑year, and 10‑year survival 
rates of 88.2%, 45%, and 13.5%, respectively, 51.4%, 
2.9%, and 0%  (all P  <  0.001)  [Figure  2b]. The median 
OS was also significantly better for N0‑1 patients than 
in N2 patients  (25  [3.6–208.7] months vs. 15  [3.4–83.5] 
months, P  =  0.01)  [Figure  2c]. One‑year, 5‑year, and 
10‑year survival rates for the patients with N0‑1 were 
54.8%, 12.9%, and 6.5%, while for those with N2 – 50%, 
6.3%, and 0% (all P ≤ 0.01). Ten patients (16.4%) had 
OS >5 years, and eight of them had no signs of disease 
recurrence at the end of the study.

Factors influencing overall survival
In univariate  analysis ,  several  factors  were 
identified as associated with poor prognosis: 
pneumonectomy  (HR  =  4.47, 95% CI  [2.21–9.04], 
P  <  0.001),  TNM stage  ≥  II  (HR  =  2.79, 95% 
CI  [1.39–5.56], P  =  0.004), lymph node extension 
N2  (HR  =  2.76, 95% CI  [1.43–5.31], P  =  0.003), and 
disease recurrence  (HR  =  2.22, 95% CI  [1.13–4.36], 
P  =  0.02). Multivariate analysis adjusted for these 
criteria found that the only one independent factor 
influencing OS was the pneumonectomy, with an HR 
of 3.19, 95% CI  (1.46–6.98), P = 0.004. These data are 
summarized in Table 2.

Figure 1: Flowchart of the patients operated for small‑cell lung cancer between 1991 and 2018
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Recurrence‑free survival
The median RFS was 18 (0.5–184.9) months. RFS rates 
at 1  year, 5  years, and 10  years after surgery were 
68.4%, 32.7%, and 29%. During the 1st‑year follow‑up, 
16  (27.4%) patients had disease recurrence  (eight 
patients after pneumonectomy, six after lobectomy/
bilobectomy, and two after wedge resection). The 
median survival time after disease recurrence was 
4.5 (0.3–6.9) months, and 75% of patients died within 
6 months after recurrence.

The median RFS was significantly higher after 
lobectomy/bilobectomy  (17  [1.6–184.9] months) than 
after pneumonectomy (8  [0.5–17.6] months) or wedge 
resection  (6.4  [5–7.7])  (all P  <  0.001)  [Figure  3a]. RFS 
was also significantly higher in stage I than in stages 
II–III (35 [5–184.9] vs. 11 [0.5–42.4], P < 0.001) [Figure 3b]. 
Patients with N0‑1 extension had a significantly higher 
median RFS than those with N2  (25  [1.6–184.9] vs. 
9 [0.5–16.5] months, P = 0.006) [Figure 3c].

All seven patients with R1 had disease recurrence in 
the first 21 months after surgery despite the adjuvant 
chemotherapy. Four of them received also thoracic 
radiotherapy.

Discussion

Despite that several international guidelines recommend 
surgery for patients with early‑stage N0 SCLC, the 
implementation of this treatment option in practice 
remains suboptimal and most patients receive the 
standard of care including platinum‑based chemotherapy, 
with or without thoracic radiotherapy according to the 
stage of disease.[7‑9] The present study including patients 
having resections for histological diagnosis suggests that 
the surgery represents an interesting therapeutic option 
for patients with early‑stage of SCLC and N0‑1 in terms 
of OS and RFS.

The median OS after resection in our study was 
21 months, lower than the value of 36 months found 
in another similar study, including patients with 
stages I–III SCLC.[15] Similarly, 1‑year, 5‑year, and 
10‑year survival rates were 65.5%, 23.3%, and 8.9%, 
smaller than the values reported by another one, 
73.6%, 42%, and 25.6%. A possible explanation for this 
difference is that in the Italian study, the diagnosis 
of SCLC was well established before the surgery, 
and all patients underwent surgical resection with 
curative intent in contrast with our study where the 
histological diagnosis was obtained after resection. 
Our results are comparable to those found in other 
similar studies in terms of median OS (18 months) and 
5‑year survival rate (21.7% in a Caucasian population 
and 28.6% in an Asiatic population).[16,17] Only 77% of 
patients included in the present study had adjuvant 
therapy after surgery as recommended by current 
guidelines from stage I of SCLC.[7‑9] Effectively, a 
recent large study showed that the median OS of 
patients treated by surgery‑plus‑chemotherapy was 
significantly higher than that of those treated by 
surgery‑alone (35 months vs. 23 months, P = 0.002).[17] 
In the same line, another study showed better results 
than ours with a median OS of 56 months and a 5‑year 
survival rate of 46% in patients with stage IA–IIIB SCLC 
treated by surgery combined with chemotherapy and/
or thoracic radiotherapy.[16] The patients who did not 
receive adjuvant treatment in our study were those 
with postoperative complications and/or important 
comorbidities.

There were significantly different survival rates 
depending on the type of surgery, with better results 
after lobectomy. There was no survivor 30  months 
after pneumonectomy, while the 5‑year OS rate was 
30% after lobectomy and 50% after wedge resection. 

Table 1: Patient characteristics  (n=61) in the study 
population
Characteristics n (%)
Sex (male) 49 (80.3)
Smoking status (current smoker) 58 (95.1)
Resection type

Wedge resection 4 (6.5)
Lobectomy/bilobectomy 42 (68.9)
Pneumonectomy 15 (24.6)

Stage IASLC
Stage I 20 (32.8)
Stage II 16 (26.2)
Stage III 25 (4.0)

Tumor classification
T1 24 (39.3)
T2 17 (27.8)
T3 12 (19.7)
T4 8 (13.1)

Mediastinal lymph node staging
N0 23 (37.7)
N1 20 (32.8)
N2 18 (29.5)

Histological analysis of resection 
specimen

Capsular invasion 6 (9.8)
Incomplete resection 7 (11.5)
Invaded visceral pleura 12 (19.7)

Adjuvant treatment
None 14 (22.9)
Chemotherapy 18 (29.5)
Radiotherapy 2 (3.3)
Concurrent radiochemotherapy 27 (44.3)

PCI 20 (32.8)
Tumor recurrence 33 (54.1)
Survival rate 14 (23.0)
IASLC=International Association for the Study of Lung Cancer, 
PCI=Prophylactic cranial irradiation
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The consequences of postoperative complications were 
not evaluated here, except the death occurred in three 
patients. The lobectomy was performed for nearly 70% 
of patients and is usually associated with a better OS 
in SCLC than pneumonectomy.[5,6,15] In multivariate 
analysis, pneumonectomy was an independent risk 

factor for mortality. This result confirms those of 
other studies that found that pneumonectomy is 
associated with worse long‑term survival in SCLC, 
probably related also to higher stage and more 
lymph node involvement.[6,15,18] The OS results in this 
study were probably impacted by the high rate of 

Table  2: Factors influencing overall survival identified by univariate and multivariate analyses
Parameter Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P
Age 0.98 (0.94–1.02) 0.430
Gender (male vs. female) 1.12 (0.55–2.29) 0.750
Tobacco consumption (pack‑year) 0.99 (0.98–1.00) 0.110
Stage IASCL (≥II vs. I) 2.79 (1.39–5.56) 0.004 1.08 (0.13–9.06) 0.950
Surgery resection type

Lobectomy/bilobectomy 1
Wedge resection 0.58 (0.13–2.46) 0.463 0.62 (0.14–2.71) 0.530
Pneumonectomy 4.47 (2.21–9.04) <0.001 3.19 (1.46–6.98) 0.004

Incomplete resection 1.19 (0.46–3.05) 0.720
Adjuvant treatment

None 1
Concurrent radiochemotherapy 0.75 (0.29–1.93) 0.560
Chemotherapy 1.52 (0.55–4.23) 0.420
Radiotherapy 5.37 (0.95–30.17) 0.060

Mediastinal lymph node extension 2.76 (1.43–5.31) 0.003 2.55 (0.34–19.39) 0.370
Recurrence 2.22 (1.13–4.36) 0.020 1.32 (0.61–2.86) 0.480
IASCL=International Association for the Study of Lung Cancer, HR=Hazard ratio, CI=Confidence interval

Figure 2: (a) Overall survival (OS) according to surgery resection type. (b) OS according to the International Association for the Study of Lung Cancer stage. (c) OS 
according to mediastinal lymph node extension (N0‑N1 vs. N2)

c

ba
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pneumonectomies (nearly 25% of patients) compared 
to other studies (17%).[15] Fortunately, over time, we 
observed that the proportion of lobectomies increased, 
while the number of pneumonectomies decreased, 
suggesting changes in our practice. In our study, the 
OS for patients with wedge resection was similar 
to other previous data.[1,10,11] However, the RFS was 
shorter in these patients compared to those treated 
by lobectomy. Usually, wedge resection is reserved 
for patients with poor lung function or histological 
diagnosis. A previous study showed that the survival 
of patients after wedge resection was still significantly 
longer than survival in those receiving medical 
treatment alone.[11]

Several studies showed that the quality of surgical 
resection has an impact on survival with better 
OS and lower risk of locoregional relapse after R0 
resection, respectively, and shorter OS after R1 
resection.[19] In addition, the absence of an adjuvant 
treatment after R1 resection allowed for no benefit 
of the surgery.[12] In our study, OS was not affected 
by the quality of surgical resection, but all seven 
patients with R1 resection had disease recurrence in 
the first 21 months after surgery despite the adjuvant 
treatment.

The stage I patients had a longer OS and RFS than 
those with stage II or III. The 5‑year OS for the patients 
with stage I in our study was 45%, comparable 
to the value found in another study on an Asiatic 
population (43.4%) but lower than those reported by 
a similar study on a Caucasian population (62.9%).[18] 
Despite that the OS is better for stage I compared to 
the others, recent data suggest the benefits of surgery 
followed by adjuvant treatment even for stage II–IIIA 
compared to the nonsurgical strategy.[7,13,17,20‑22] The 
lymph node extension influenced also the OS with a 
longer median survival for the patients N0‑1 compared 
to those N2. The N0 stage is widely recognized as a 
favorable prognosis factor, associated with a 5‑year 
OS rate of 41.5%–66%, against only 6.8%–10% for 
N + patients.[15] In another French study, the median 
OS was 10 months in N2 patients, justifying that lymph 
node staging should be performed systematically 
before surgery.[16] However, staging must not delay 
treatment, and it is important to select patients eligible 
for surgery, using a diagnostic method with the highest 
possible specificity and sensitivity.[21] Furthermore, 
several studies showed a positive impact of surgery 
combined with adjuvant treatment on OS even in 
N  +  patients compared to the standard medical 
care.[10,12] Lymph node involvement and stage ≥2 were 

Figure 3: (a) Recurrence‑free survival (RFS) according to surgery resection type. (b) RFS according to the International Association for the Study of Lung Cancer stage. 
(c) RFS according to mediastinal lymph node extension (N0‑N1 vs. N2)

c

ba
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identified as negative prognosis factors for OS in our 
study, as previously reported.[10,15,17,20]

To the best of our knowledge, this is the first time in the 
literature that the RFS is analyzed in a SCLC population 
treated by surgery and we found a median of 18 months. 
Stage I patients who underwent lobectomy had 
significantly superior RFS than other patients, as well as 
N0‑N1 patients compared to N2 patients. Unfortunately, 
disease recurrence was enregistered 4.5  months after 
surgery, and three‑quarters of patients died within 
6  months after recurrence. These data confirm the 
well‑recognized aggressivity of this cancer and our 
limited resources to treat it. However, the surgery could 
have a positive impact on the RFS in selected early‑stage 
patients.

This study has several limitations. It is a retrospective, 
monocentric study, including a limited number of 
patients, despite a long duration of inclusions. As 
the aim of the study was to analyze the survival in 
patients treated by surgery for an SCLC without 
histology before the resection, the presence of a control 
group was not considered necessary. Despite these 
limitations, our results are in line with other current 
data that showed the benefits of the surgery associated 
with chemoradiotherapy compared to the nonsurgical 
strategy in patients with early stages of SCLC in terms 
of OS.[6,7,10,13,20,22,23]

Conclusion

In summary, even in patients who underwent surgical 
resection for histology, surgery showed benefits in 
terms of survival comparable to those obtained in 
studies realized with curative intent for localized 
SCLC. According to our results for OS and RFS, and 
considering current evidence, patients with stage I 
could be considered the best candidates for surgery, 
in a multidisciplinary setting. Patients with stage II 
and III disease should be carefully selected for surgery 
in raison of worse survival. Chemoradiotherapy after 
surgery is mandatory in the case of mediastinal lymph 
node extension.
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