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Introduction

The current standard of care for stage IA–IIIB small-cell lung
cancer (SCLC) consists of four to six cycles of combination
chemotherapy, typically cisplatin and etoposide, along with
thoracic radiotherapy during the early part of the chemother-
apy. This treatment has been shown to result in a median
survival of 19 to 23months and a 5-year survival of 16 to 26%.1

Controversy exists, however, regarding the role of
surgery as part of multimodality treatment. While Lad
et al2 failed to demonstrate that adding surgery to che-
moradiotherapy prolongs survival in stage IA–IIIB SCLC,
other studies3–9 showed improved survival associated
with surgery and chemotherapy with or without thoracic
radiotherapy in stage IA–IIIB SCLC including T4 and N3
tumors.

Keywords

► limited disease small-
cell lung cancer

► multimodality
treatment for small-
cell lung cancer

► lung cancer
treatment (surgery

► medical)

Abstract Background Prognosis in limited disease small-cell lung cancer (SCLC) after con-
current chemoradiotherapy is poor. While some studies show better survival after
multimodality treatment including surgery, other trials failed to prove a surgery-
related survival benefit. Therefore, this study investigated survival in stage IA–IIIB SCLC
following surgery combined with chemotherapy and/or thoracic radiotherapy.
Methods We retrospectively reviewed all stage IA–IIIB SCLC patients without supra-
clavicular lymph node involvement at a single institution between January 1999 and
August 2016 after multimodality treatment with curative intent. This comprised
surgery consisting of primary tumor resection and systematic lymph node dissection
combined with chemotherapy, chemoradiotherapy, or thoracic radiotherapy. Survival
was determined using the Kaplan–Meier method, and differences were compared
using log-rank tests. The risk of locoregional relapse was calculated.
Results A total of 47 patients (29 men, 18 women; mean age: 62 years) were
included. Thirty-day mortality was 0%. Overall median survival was 56 months, and 2-,
3-, 5-, and 10-year survival rates were 69, 54, 46, and 30%, respectively. The only
significant prognostic factor (p ¼ 0.006) was R0 resection (n ¼ 40) increasing median
survival to 64 versus 17 months in case of technical inoperability (n ¼ 5). The risk of
locoregional relapse was 2.5% (n ¼ 1) after R0 resection.
Conclusions Multimodality treatment including surgerywas safe and led to considerable
survival. R0 resection was the only factor extending survival. It could be achieved in most
patients andwas associatedwith a low riskof locoregional relapse. Prospective randomized
controlled studies are needed to define best practice in stage IA–IIIB SCLC.
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The objective of our study was to investigate survival in
stage IA–IIIB SCLC following the combination of surgery,
chemotherapy, and thoracic radiotherapy to examine the
significance of surgery.

Materials and Methods

The study protocol had approval by the local ethics committee.
This studywas conducted according to the revisedDeclaration
of Helsinki and requirements of good clinical practice.

Patient Selection
All patients with histologically proven stage IA–IIIB SCLC
without ipsi- or contralateral supraclavicular lymph node
involvement were analyzed retrospectively at a single insti-
tution between January 1999 andAugust 2016. Patientswere
eligible if they underwent multimodality treatment. This
included surgery consisting of primary tumor resection and
systematic interlobar, hilar, and mediastinal lymph node
dissection combined with chemotherapy, chemoradiother-
apy, or thoracic radiotherapy. An interdisciplinary tumor
board of specialists in thoracic surgery, oncology, pulmonol-
ogy, radiotherapy, and radiology determined the individual
indication for multimodality treatment including surgery.
Indications encompassed likelihood of complete resection of
the primary tumor as well as lymph nodes, lack of distant
metastases, and adequate performance status along with
sufficient cardiopulmonary reserve. Staging procedures
comprised computed tomography (CT) of the chest, broncho-
scopy, magnetic resonance imaging (MRI) or CT of the brain,
CT and/or ultrasound of the abdomen, and bone scintigraphy.
In recent years, endobronchial ultrasound, transbronchial
fine needle aspiration, and fludeoxyglucose positron emis-
sion tomography-CT (PET-CT) instead of CT of the abdomen
and bone scintigraphy were performed in some of the
patients. Histology was taken through bronchoscopy, med-
iastinoscopy, or CT-guided puncture. Cardiopulmonary
reserve was assessed by electrocardiogram, whole-body
plethysmography, blood gases, echocardiography, and exer-
cise test. Initial tumor stage was based on clinical staging
procedures. Only if clinical stage was not known and no
neoadjuvant treatment was performed, pathological stage
after surgery was considered. Disease stage was evaluated
using the seventh edition of the tumor node metastasis
classification system of the American Joint Committee on
Cancer and the Union for International Cancer Control.10

Treatment
Eligible patientswith stage IA–IIIB SCLCwere assigned to one
of three groups:

• Surgery and chemotherapy.
• Surgery and chemotherapy and thoracic radiotherapy.
• Surgery and thoracic radiotherapy.

Surgery
All patients underwent both primary tumor resection and
systematic lymph node dissection. Resection of the primary
tumor consisted of lobectomies with or without sleeve resec-

tion, bilobectomies with or without sleeve resection, pneu-
monectomies, resection of a mediastinal tumor, and
segmentectomies/subsegmentectomies in case of limited car-
diopulmonary reserve. Lymph node dissection comprised
systematic interlobar, hilar, and mediastinal lymph node
dissection. Right-sided thoracotomies involved lymph node
stations 2R, 2L, 4R, 4L, 7, 8, 9, 10R, 10L, 11, and12,whereas left-
sided thoracotomies included lymphnodestations4L,5, 6, 7, 8,
9, 10R,10L,11, and12.11 If thesurgeondecidedafterdiagnostic
thoracotomy that complete resection was not going to be
achievable, the remaining tumor was left and the operation
wasfinished. Thisgroupofpatientswasconsidered technically
inoperable. In case of neoadjuvant treatment, restaging was
performedbefore decidingon surgery. Surgerywasperformed
only if there was partial or complete remission of the tumor
following neoadjuvant treatment.

Chemotherapy, Chemoradiotherapy, Thoracic
Radiotherapy, and Prophylactic Cranial Irradiation
In addition to surgery, patients received chemotherapy
(neoadjuvant and/or adjuvant) either with or without thor-
acic radiotherapy (neoadjuvant or adjuvant), or adjuvant
thoracic radiotherapy.

Prophylactic cranial irradiation was performed after sur-
gery and chemotherapy, and/or thoracic radiotherapy had
been finished.

Follow-up data were obtained from clinical records and
telephone interviews with treating general practitioners and/
or specialists inoncology, pulmonology, internalmedicine, and
radiotherapy. Survival was defined as the time from diagnosis
todeath fromanycause.All patients aliveat last follow-upwere
censored. Mortality considered patients who died within
30 days from surgery, chemotherapy, or thoracic radiotherapy.
The percentage of patientswith secondmalignancy in addition
to SCLC was recorded. These patients were only included if
the second malignancy was in complete remission.

Analysis was performed of the impact on survival of stage
(IA–IIIA vs. IIIB), T (T1/2 vs. T3/4) and N status (N0/1 vs. N2/3),
treatment modality (surgery/chemotherapy vs. surgery/che-
motherapy/thoracic radiotherapy; pneumonectomy vs. surgi-
cal procedures other than pneumonectomy), resection status
(microscopically complete ¼ R0 resection; microscopically
incomplete ¼ R1 resection; and technical inoperability), age
(<65 vs. �65 years), and the presence of a second malignancy
(existing vs. nonexisting). The risk of locoregional relapse was
also calculated.

Statistics
Descriptive statistics were used to summarize the data.
Mean, median, and confidence interval (CI) were given to
describe continuous variables, whereas absolute (n) and
relative frequencies (percentage rounded towhole numbers)
were used for discrete variables. Survival was estimated
using the Kaplan–Meier method. Log-rank tests were con-
ducted to compare survival between groups. p-values less
than 0.05 were considered statistically significant. Statistical
analysis was performed with SPSS 15.0 software (SPSS Inc.,
Chicago, Illinois, United States).
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Results

Patient Characteristics
A total of 47 patients were included. Their mean age was
62 years (range: 41–79 years). Of the patients, 29 (62%)
patients were men, 18 (38%) patients were women. In regard
to histology, 41 (87%) patients had pure SCLC, 5 (11%) patients
had combined SCLC and large cell neuroendocrine carcinoma,
and 1 (2%) patient had combined SCLC and squamous cell lung
cancer.Nine (19%)patients suffered fromasecondmalignancy.

Initial Tumor Stage
Details on initial tumor stage are summarized in ►Table 1.

Treatment
Twelve (26%) patients underwent surgery and chemotherapy
(neoadjuvant in three patients, adjuvant in six patients, and
both neoadjuvant and adjuvant in three patients). Thirty-four
(72%) patients underwent surgery, chemotherapy (neoadjuvant
in 23 patients, adjuvant in6 patients, and both neoadjuvant and
adjuvant in 5 patients), and thoracic radiotherapy (neoadjuvant
in 1 patient, adjuvant in 33 patients). One (2%) patient under-
went surgery and adjuvant thoracic radiotherapy.

Surgery and R Status Following Surgery
In terms of type of primary tumor resection, 17 (36%)
patients underwent lobectomy. Sleeve lobectomy, bilobect-
omy, and sleeve bilobectomy were performed in four (9%),
three (6%), and four (9%) patients, respectively. Nine (19%)
patients underwent pneumonectomy (six on the left, three
on the right side). Segmentectomy/subsegmentectomy was
executed in four (9%) patients, and resection of amediastinal
tumor was conducted in one (2%) patient. The remaining five
(11%) patients were technically inoperable.

Regarding R status after surgery, 40 (85%) patients under-
went R0 resection, 2 (4%) patients underwent R1 resection
(after pneumonectomy and lobectomy, respectively), and 5
(11%) patients were technically inoperable.

Chemotherapy
Out of all 47 patients, 46 (98%) patients received chemother-
apy. Out of these 46 patients, 26 patients underwent neoad-
juvant chemotherapy, 12 patients underwent adjuvant
chemotherapy, and 8 patients underwent both neoadjuvant
and adjuvant chemotherapy. Regarding neoadjuvant che-
motherapy, 22 patients received cisplatin or carboplatin
combined with etoposide, 2 patients received doxorubicin/
cyclophosphamide/vincristine, and 2 patients underwent
chemotherapy of undocumented type. In terms of adjuvant
chemotherapy, seven patients received cisplatin or carbo-
platin combined with etoposide, one patient received dox-
orubicin/cyclophosphamide/vincristine, and four patients
underwent chemotherapy of undocumented type. In regard
to neoadjuvant and adjuvant chemotherapy, four patients
received neoadjuvant and adjuvant cisplatin or carboplatin
in combinationwith etoposide, two patients received neoad-
juvant cisplatin or carboplatin combined with etoposide and
adjuvant chemotherapy with undocumented substances,
and two patients received neoadjuvant and adjuvant che-
motherapy of undocumented type.

Thoracic Radiotherapy
Out of all 47 patients, 35 (74%) patients underwent thoracic
radiotherapy. Out of these 35 patients, 33 patients underwent
adjuvant thoracic radiotherapy and chemotherapy, 1 patient
underwent neoadjuvant chemoradiotherapy, and 1 patient
underwentadjuvant thoracic radiotherapywithoutchemother-
apy. The total dose of thoracic radiotherapy administered was
45 Gy in 1 patient, 50 Gy in 3 patients, 50.4 Gy in 8 patients,
59.4 Gy in 2 patients, and 60 Gy in 2 patients. In the remaining
19 patients, the dose of thoracic radiotherapy was unknown.

Prophylactic Cranial Irradiation
Twenty-five (53% of total) patients underwent prophylactic
cranial irradiation. Of these 25 patients, the dose of thoracic
radiotherapy was 30 Gy in 5 patients, 30.4 Gy in 1 patient,
and 30.6 Gy in 2 patients. No details on the dose were
available in the remaining 17 patients. One (2% of total)
patient underwent prophylactic cranial irradiation only in
part owing to side effects.

Survival
Overall mortality after multimodality treatment including
surgery, chemotherapy, and thoracic radiotherapy was 0%.
Overall median survival in all 47 (100%) patients was
56 months (95% CI: 19–89 months). The corresponding
survival curve is shown in ►Fig. 1. Overall 2-, 3-, 5-, and
10-year survival rates were 69, 54, 46, and 30%, respectively.

The only statistically significant prognostic survival factor
was R0 resection, which was associated with increased median
survival of64versus17months in caseof technical inoperability
(p ¼ 0.006). Survival after R1 resection was 12 and 21 months

Table 1 Initial tumor stage in SCLC patients as per UICC (7th
edition)

n (%)a

All patients 47 (100)

IA–IIIA 37 (79)

IIIB 10 (21)

T1 7 (15)

T2 21 (45)

T3 7 (15)

T4 6 (13)

Missing 6 (13)

N0 17 (36)

N1 8 (17)

N2 12 (26)

N3 6 (13)

Missing 4 (8)

Abbreviations: SCLC, small-cell lung cancer; UICC, Union for Interna-
tional Cancer Control.
aSome sections of the table do not add up to 100% due to rounding.
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(n ¼ 2). The corresponding details and survival curves are
provided in ►Table 2 and ►Fig. 2. Stage, T and N status,
additional thoracic radiotherapy, pneumonectomy, age, and
the presence of a secondmalignancy did not have a statistically
significant impact on median survival (►Table 2).

Risk of Locoregional Relapse
Locoregional relapse following multimodality treatment
including surgery occurred in 1 (2.5%) of 40 patients after R0
resection.

Discussion

The central result of this study was that multimodality
treatment including surgery, chemotherapy, and thoracic
radiotherapy was safe and led to respectable survival in
stage IA–IIIB SCLC. The only significant factor prolonging
survival was R0 resection, which was also associated with a
low risk of locoregional failure.

Mortality
In our study, no patient died from a cause associated
with multimodality treatment including surgery. Similarly,
Eberhardt et al4 showed that 1 (2%) of 46 SCLC patients in
stage IB–IIIB died of septicemia during the first chemother-
apy cycle as part of multimodality treatment including
surgery, chemotherapy, and thoracic radiotherapy. No addi-
tional treatment-related deathwas recorded. This indicates a
high level of safety of this combination therapy.

Overall Survival
Our studyconfirmed an overallmedian survival of 56months
and a 5-year survival rate of 46%. Comparably, Eberhardt

et al4 demonstrated an overall median survival of 36 months
and a 5-year survival of 46% in stage IB–IIIB SCLC after
neoadjuvant chemotherapy or chemoradiotherapy followed
by surgery or definitive chemoradiotherapy. Schreiber et al9

showed improved survival after surgery versus nonsurgical
treatment in SCLC stage T1–4 and N0–2. Both Zhang et al5

and Lim et al12 proved a survival advantage if surgery was
part of the treatment for stage I–III SCLC. Welter et al8

reviewed the role of surgery for limited disease SCLC in
the literature and concluded that the indication for surgery
can be extended towell-selectedN2 SCLC patients because of
its beneficial impact on survival.

Lad et al,2 however, failed to show a survival benefit after
surgery was added to chemoradiotherapy in stage IA–IIIB
SCLC. The limitations of that study include the choice of the
chemotherapy that consisted of cyclophosphamide, doxor-
ubicin, and vincristine, although cisplatin and etoposide
were proven to be more effective.13 Besides, initial tumor
stage was not determined before chemotherapy, and it is
unclear whether systematic lymph node dissection was
performed. Those limitations might have been decisive for
both the limited overall median survival of 16 months and
the lack of survival improvement gained from applying
surgery in addition to chemoradiotherapy. Consequently,
this study2 does not seem to provide convincing proof of
the advantages of chemoradiotherapy over multimodality
treatment including surgery.

Nevertheless, the standard of care for stage IA–IIIB SCLC is
concurrent chemoradiotherapy. This treatment is associated
with a median survival of 19 to 23 months and a 5-year
survival of 16 to 26%,1which appears inferior to the outcome
of multimodality treatment including surgery. A prospective
study comparingmultimodality treatment including surgery

Fig. 1 Overall survival in stage IA–IIIB small-cell lung cancer patients after multimodality treatment including surgery.
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to concurrent chemoradiotherapy is therefore needed tohelp
define best practice for stage IA–IIIB SCLC.

Importance of R0 Resection for Long-Term Survival
and Risk of Locoregional Relapse
The only statistically significant factor extending survival in
our study was R0 resection compared with technical inoper-
ability. Due to the low number of R1 resections (n ¼ 2), they
were not compared with R0 resections nor technical inoper-
ability. Eberhardt et al4 showed a notable increase in median
survival to 68 months after R0 resection combined with
neoadjuvant chemotherapy or chemoradiotherapy versus
17 months if R0 resection was not achieved. This supports
our finding that R0 resection appears crucial for long-term
survival. In our study, surgery consisted of primary tumor
resection as well as systematic lymph node dissection. As
lymph node metastases in lung cancer are frequent even if
clinical staging shows morphologically normal lymph
nodes,14 systematic lymph node dissection seems manda-
tory for complete resection in IA–IIIB SCLC in our view.

Wedemonstrated a low riskof locoregional relapse after R0
resection. Similarly, Eberhardt et al4 proved a risk of locor-
egional failure of 0% following R0 resection combined with

either neoadjuvant chemotherapy or chemoradiotherapy in
IB-IIIB SCLC. In contrast, Turrisi et al1 showed a risk of
locoregional failure of 36 to 52% after concurrent chemora-
diotherapywithout surgery.Neither thoracic radiotherapynor
surgery is routinely offered to patients experiencing locore-
gional failure after chemoradiotherapy. Hence, there are no
promising treatment options for these patients. Asmultimod-
ality treatment including surgery seemed to lower the risk of
locoregional failure more effectively, it appears superior to
chemoradiotherapy. The reduced risk of locoregional failure
after R0 resection could have been decisive for extending
survival after R0 resection in our study. It may also be the
main reasonwhy survival in our study seemed improved after
multimodality treatment including surgery compared with
chemoradiotherapywithout surgeryas shownbyTurrisi et al.1

Impact of Tumor Stage as well as T and N Status on
Survival
In this study, neither stage nor T andN status has a significant
impact on survival. Previous trials have not consistently
proven that there is a stage limit up to which multimodality
treatment including surgery can improve survival. Yang
et al15 demonstrated prolonged survival after surgery and

Table 2 Investigated survival factors in stage IA–IIIB SCLC patients after multimodality treatment including surgery

n (%)a Median survival
(months)

95% CI
(months)

p-Value

All patients 47 (100) 56 19–89 –

R0 resection 40 (85) 64 39–89 0.006

Technical inoperability 5 (11) 17 15–19

R1 resection 2 (4) – –

UICC stage IA–IIIA 37 (79) 56 14–98 0.774

UICC stage IIIB 10 (21) 49 5–93

T1/2 28 (60) 64 45–83 0.918

T3/4 13 (28) 29 11–47

Missing 6 (13) – –

N0/1 25 (53) 64 28–100 0.191

N2/3 18 (38) 36 11–61

Missing 4 (9) – –

Surgery and chemotherapy 12 (26) 72 26–118 0.586

Surgery, chemotherapy, and thoracic RT 34 (72) 36 0–74

Surgery and thoracic RT 1 (2) – –

Other than pneumonectomyb 38 (81) 64 21–107 0.820

Pneumonectomy 9 (19) 49 0–116

Age < 65 y 27 (57) 64 13–115 0.283

Age � 65 y 20 (43) 36 0–94

No second malignancy 38 (81) 49 20–78 0.583

Second malignancy 9 (19) 69 13–125

Abbreviations: CI, confidence interval; RT, radiotherapy; SCLC, small-cell lung cancer; UICC, Union for International Cancer Control.
aSome sections of the table do not add up to 100% due to rounding.
bOther than pneumonectomy involves lobectomy, sleeve lobectomy, bilobectomy, sleeve bilobectomy, segmentectomy/subsegmentectomy, and
resection of a mediastinal tumor.
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adjuvant chemotherapy with or without thoracic radiother-
apy versus concurrent chemoradiotherapy in cT1–3 N1 SCLC.
Wakeam et al6 showed extended survival after surgery,
chemotherapy, and thoracic radiotherapy versus chemother-
apywith orwithout thoracic radiotherapy in SCLC stage T1–4
N0, any T N1, and any T N2, respectively. Based on a subgroup
analysis of stage I/II SCLC, this study also proved significantly
better survival after lobectomy and adjuvant chemotherapy
versus concurrent chemoradiotherapy. Schreiber et al9

reported improved survival in T1/T2, T3/T4, N0, N1, and
N2 SCLC after surgery comparedwith nonsurgical treatment.
In SCLC stage IIIA including N2, median survival was demon-
strated to be 46 months after surgery and neoadjuvant
chemotherapy.16 Zhang et al5 also showed extended survival
after surgery and chemotherapy with or without thoracic
radiotherapy versus nonsurgical management in SCLC stage
IIIA including N2. Thus, several studies5,6,9,16 point to a
survival advantage associated with surgery and chemother-
apy with or without thoracic radiotherapy also in locally/
regionally advanced SCLC.

However, other trials3,17 did not showa survival benefit in
clinical N2 disease if surgery was added to chemotherapy or
chemoradiotherapy. Due to the inconsistent findings, further
research is required to determine the role of stage for multi-
modality treatment including surgery.

Our study included 10 stage IIIB SCLC patients without
supraclavicular lymph node involvement. Of these 10
patients, 6 underwent neoadjuvant chemotherapy and adju-
vant thoracic radiotherapy, 1 underwent neoadjuvant che-
motherapy and adjuvant chemoradiotherapy, 1 underwent

neoadjuvant and adjuvant chemotherapy, 1 underwent
neoadjuvant chemoradiotherapy without adjuvant treat-
ment, and 1 underwent adjuvant radiotherapy alone for an
unknown cause.Median survivalwas still 49months in stage
IIIB SCLC in our study. This could possibly be attributed to the
following reasons:

• Exclusion of patients with supraclavicular lymph node
involvement.

• The requirement of partial or complete remission of the
tumor after neoadjuvant treatment as a mandatory pre-
requisite for surgery.

• Strict conduction of complete systematic lymph node
dissection as part of each surgery.

Impact of the Sequence of Chemotherapy and Surgery
on Survival
Patients receiving neoadjuvant and adjuvant chemotherapy
were grouped together since Shepherd et al7 did not demon-
strate a survival difference in stage I–IIIA SCLC depending on
whether chemotherapy was given prior to or after surgery.

Most of our patients underwent neoadjuvant chemother-
apy. The reasons for that were not always recorded in the
documents available. In our opinion, there are advantages of
neoadjuvant over adjuvant chemotherapy because patients
can be selected for surgery depending on tumor response.
Only if there is partial or complete remission of the tumor
after neoadjuvant chemotherapy, patients seem suitable for
surgery. In contrast, if patients receive surgery and adjuvant
chemotherapy, there is no information about the response of
the tumor to chemotherapy before selecting patients for

Fig. 2 Survival depending on R0 status versus technical inoperability in stage IA–IIIB small-cell lung cancer patients after multimodality
treatment including surgery.
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surgery. Nevertheless, more research is required to deter-
mine best sequencing of chemotherapy and surgery.

Significance of Thoracic Radiotherapy as Part of
Multimodality Treatment
Our study did not demonstrate a survival benefit after
thoracic radiotherapy was added to surgery and chemother-
apy. Only one patient underwent surgery and thoracic radio-
therapy. The reason why this patient did not receive
chemotherapy was not given in the documents available.

Wong et al18 showed an overall detrimental effect of
adjuvant radiotherapy on survival in pathological T1–4,
N0–2 SCLC patients undergoing complete surgical resection
and chemotherapy. When analyzed by subgroup, radiother-
apy had an adverse impact on survival particularly in patho-
logical N0 disease. By contrast, radiotherapy was associated
with strongly improved survival in pathological N2 disease,
whereas it did not significantly influence survival in patho-
logical N1 disease. Schreiber et al9 reported improved survi-
val associated with postoperative radiotherapy in N2 SCLC
but not in N0-N1 SCLC.

On the contrary, Wang et al19 showed a trend (p ¼ 0.071)
toward prolonged survival after adding thoracic radiother-
apy to surgery and chemotherapy in stage III SCLC patients.
No details were provided onwhether systematic lymph node
dissection as part of surgery was routinely performed. In
contrast, all patients in our study underwent systematic
lymph node dissection. The risk of overlooked lymph node
metastases was consequently reduced to a minimum so that
there was possibly no need for thoracic radiotherapy. In our
opinion, systematic lymph node dissection with subsequent
complete removal of potential lymph node metastases may
be the reason why thoracic radiotherapy did not improve
survival in our study.

Impact of Pneumonectomy Compared with Other
Types of Resection on Survival
This study did not prove a significant difference in survival
depending on pneumonectomy. In total, nine pneumonec-
tomies were performed. Although preoperative staging took
place, it was not clear that pneumonectomy was required for
R0 resection in sevenpatients (five on the left, two on the right
side). Pneumonectomy in these cases was conducted because
intraoperative staging showed that pneumonectomy was
needed for R0 resection. One right-sided pneumonectomy
was performed as an emergency procedure in a patient
suffering from retention pneumonia as the tumor obstructed
the bronchus intermedius and bled. In one patient, the reason
for the left-sided pneumonectomy was not documented.

Kawano et al20 demonstrated significantly inferior survival
after pneumonectomy versus other surgical procedures in
stage I–III SCLC. The conclusion was that pneumonectomy
should be avoided. A limitation of this study was that patients
did not undergo chemotherapy in addition to surgery. In
contrast, improved survival was shown by Yuequan et al21 in
stage I–III SCLC if adjuvant chemotherapy was combined with
pneumonectomy instead of lobectomy. More research is
necessary to investigate whether pneumonectomy combined

with chemotherapy and/or thoracic radiotherapy is justifiable
if pneumonectomy facilitates R0 resection.

Study Limitations

The limitations of this study include the limited number of
patients, the lack of a control group treated with concurrent
chemoradiotherapy without surgery, and the quality of the
data, which depended on exact documentation/interpretation
of medical records due to the retrospective design. Survival
couldalsobeattributed topatient selectionaspatients deemed
suitable for surgery might have had a better health status than
patients receiving chemoradiotherapy without surgery in
other studies. Besides, since this study began in 1999, staging
procedures have changed toward using PET-CT, endobronchial
ultrasound, and transbronchial fine needle aspiration. There-
fore, the staging process was not identical in all patients. In
addition, our dataset did not provide details on whether
patients died of SCLC; therefore, other causes of death cannot
beruledout. Furthermore, patientsunderwent various typesof
resection, doses of thoracic radiotherapy, and protocols of
chemotherapy. Combination chemotherapy often consisted
of substances other than cisplatin and etoposide, although
thesehavebeenproven tobemoreeffective forSCLC.13Survival
might thus have been prolonged if cisplatin and etoposide had
beenchosen regularly.Moreover, it isknownthat SCLCpatients
have a risk of developing brain metastases. This risk can be
reduced by prophylactic cranial irradiation22 that was per-
formed only in some of our patients for unknown reasonswith
potential adverse impact on survival.

In conclusion, this study demonstrated that multimod-
ality treatment including surgery could be performed safely
and led to considerable survival in stage IA–IIIB SCLC. R0
resection was the only statistically significant factor extend-
ing survival. It could be achieved in most patients and was
associated with a low risk of locoregional relapse. Because
surgery can enable R0 resection, considering stage IA–IIIB
SCLC patients for multimodality therapy including surgery
seems reasonable if R0 resection is expected to be obtain-
able. Nevertheless, its definitive significance should be eval-
uated in prospective controlled randomized studies
comparing multimodality treatment including surgery to
chemoradiotherapy. Standardization should be mandatory
for surgical techniques, as well as chemotherapy, thoracic
radiotherapy, and prophylactic cranial irradiation. This
would help obtain reproducible results and determine best
practice for managing stage IA–IIIB SCLC.

Note
The study protocol had approval by the local ethics com-
mittee (www.laekh.de, study identificationnumber FF139/
2016).
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