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A B S T R A C T

Background

Current treatment guidelines for limited-stage small-cell lung cancer (SCLC) recommend concomitant platinum-based chemo-
radiotherapy plus prophylactic cranial irradiation, based on the premise that SCLC disseminates early, and is chemosensitive. However,
although there is usually a favourable initial response, relapse is common and the cure rate for limited-stage SCLC remains relatively poor.
Some recent clinical practice guidelines have recommended surgery for stage 1 (limited) SCLC followed by adjuvant chemotherapy, but
this recommendation is largely based on the findings of observational studies.

Objectives

To determine whether, in patients with limited-stage SCLC, surgical resection of cancer improves overall survival and treatment-related
deaths compared with radiotherapy or chemotherapy, or a combination of radiotherapy and chemotherapy, or best supportive care.

Search methods

We performed searches on CENTRAL, MEDLINE, Embase, CINAHL, and Web of Science up to 11 January 2017. We handsearched review
articles, clinical trial registries, and reference lists of retrieved articles.

Selection criteria

We included randomised controlled trials (RCTs) with adults diagnosed with limited-stage SCLC, confirmed by cytology or histology, and
radiological assessment, considered medically suitable for resection and radical radiotherapy, which randomised participants to surgery
versus any other intervention.

Data collection and analysis

We imported studies identified by the search into a reference manager database. We retrieved the full-text version of relevant studies, and
two review authors independently extracted data. The primary outcome measures were overall survival and treatment-related deaths;
and secondary outcome measures included loco-regional progression, quality of life, and adverse events.

Main results

We included three trials with 330 participants. We judged the quality of the evidence as very low for all the outcomes. The quality of the
data was limited by the lack of complete outcome reporting, unclear risk of bias in the methods in which the studies were conducted, and
the age of the studies (> 20 years). The methods of cancer staging and types of surgical procedures, which do not reflect current practice,
reduced our confidence in the estimation of the eLect.
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Two studies compared surgery to radiation therapy, and in one study chemotherapy was administered to both arms. One study
administered initial chemotherapy, then responders were randomised to surgery versus control; following, both groups underwent chest
and whole brain irradiation.

Due to the clinical heterogeneity of the trials, we were unable to pool results for meta-analysis.

All three studies reported overall survival. One study reported a mean overall survival of 199 days in the surgical arm, compared to 300 days
in the radiotherapy arm (P = 0.04). One study reported overall survival as 4% in the surgical arm, compared to 10% in the radiotherapy arm
at two years. Conversely, one study reported overall survival at two years as 52% in the surgical arm, compared to 18% in the radiotherapy
arm. However this diLerence was not statistically significant (P = 0.12).

One study reported early postoperative mortality as 7% for the surgical arm, compared to 0% mortality in the radiotherapy arm. One study
reported the diLerence in mean degree of dyspnoea as −1.2 comparing surgical intervention to radiotherapy, indicating that participants
undergoing radiotherapy are likely to experience more dyspnoea. This was measured using a non-validated scale.

Authors' conclusions

Evidence from currently available RCTs does not support a role for surgical resection in the management of limited-stage small-cell lung
cancer; however our conclusions are limited by the quality of the available evidence and the lack of contemporary data. The results of
the trials included in this review may not be generalisable to patients with clinical stage 1 small-cell lung cancer carefully staged using
contemporary staging methods. Although some guidelines currently recommend surgical resection in clinical stage 1 small-cell lung
cancer, prospective randomised controlled trials are needed to determine if there is any benefit in terms of short- and long-term mortality
and quality of life compared with chemo-radiotherapy alone.

P L A I N   L A N G U A G E   S U M M A R Y

Surgery for limited-stage small-cell lung cancer

Background

There are diLerent types of lung cancer. One type is called small-cell lung cancer. Small-cell lung cancer is considered limited-stage if it is
still within the chest or extensive-stage if it has spread outside the chest. Currently, chemotherapy and radiation therapy is recommended
for treatment of limited-stage small-cell lung cancer if it is localised and has not spread outside one side of the chest.

Review question

We wanted to know if people with small-cell lung cancer that has not spread outside the chest live longer with an operation to remove
the tumour, whether accompanied by chemotherapy, radiotherapy, or both or neither, compared to chemotherapy, with or without
radiotherapy.

Study characteristics

We searched for clinical trials up to 11 January 2017, and we included three studies with 330 people who had been diagnosed with
small-cell lung cancer which had not spread outside the chest. Some were given surgery only, and some were not. Also, some were given
chemotherapy and radiotherapy along with their surgery, and some were given chemotherapy and radiotherapy without surgery. We
looked for a diLerence in how long people lived, and if their treatment caused any side eLects.

Key findings

The data were all of very low quality. All three studies were quite diLerent so could not be combined. One study reported that people lived
longer without surgery (but with radiotherapy) than with surgery. One study reported 4% of people surviving at two years with surgery
compared to 10% of people surviving with radiotherapy. One study reported 52% of people surviving with surgery compared to 18% of
people surviving with radiotherapy. Our evidence does not support the use of surgery for people with small-cell lung cancer, but the quality
of data is low and from more than 20 years ago. Better trials are needed to properly compare surgery with no surgery in people with small-
cell lung cancer.

Quality of the evidence

We rated the quality of the evidence using one of the following grades: very low, low, moderate, or high. Very low quality evidence means
we are uncertain about the results. High-quality evidence means we are very certain about the results. For this Cochrane Review, we found
that the evidence was of very low quality for all the outcomes studies. We could not combine the trials as they were all very diLerent, and
the trials were very old. Some trials did not give enough information about their quality.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.

Surgery compared with no surgery for limited-stage small-cell lung cancer

Patient or population: People with limited-stage small-cell lung cancer

Settings: ambulatory care

Intervention: surgery

Comparison: no surgery

Outcomes Impact No of Participants
(studies)

Quality of the evi-
dence
(GRADE)

Survival Survival is difficult to interpret in these studiesa 3 studies (330 participants)b ⊕⊖⊖⊖

very lowc

Treatment related
mortality

Treatment-related mortality is difficult to interpret in

these studiesd
2 studies (290 participants)e ⊕⊖⊖⊖

very lowc

Loco-regional pro-
gression

Loco-regional progression is difficult to interpret in

these studiesf
2 studies (186 participants)g ⊕⊖⊖⊖

very lowc

Quality of life Quality of life is difficult to interpret in these studiesh 1 study (144 participants)i ⊕⊖⊖⊖

very lowj

GRADE Working Group grades of evidence 
High quality: We are very confident that the true effect lies close to the estimate of effect
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of effect
but may be substantially different
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of ef-
fect
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the
estimate of effect

aTreatment across trials were heterogenous: Fox 1973 compared surgery to radiotherapy. Lad 1994a administered induction
chemotherapy to all participants, and then compared surgery to no surgery; following, all participants had chest and brain irradia-
tion. Liao 1995 administered induction chemotherapy to all participants and then compared surgery to radiotherapy. The effect is
difficult to interpret as the types of surgical procedures used in these studies do not reflect current clinical practice.

bThis includes Fox 1973: surgery - 71 participants; and radiotherapy - 73 participants. Lad 1994a: surgery - 70 participants; and no
surgery - 76 participants. Liao 1995: surgery - 20 participants; and radiotherapy - 20 participants.

cStudies contributing to this outcome were at an unclear risk of bias which reduced our confidence in the estimation of effect. Down-
graded once. Staging and surgical techniques don't necessarily reflect best current practice. Downgraded twice.

dThe effect is difficult to interpret as the type of surgical procedures used in these studies do not reflect current clinical practice.

eThis includes Fox 1973: surgery - 71 participants; and radiotherapy - 73 participants. Lad 1994a: surgery - 70 participants; and no
surgery - 76 participants.

fTreatments across trials were heterogenous: Fox 1973 compared surgery to radiotherapy. Lad 1994a administered induction
chemotherapy to all participants, and then compared surgery to no surgery; following, all participants had chest and brain irradia-
tion. Liao 1995 administered induction chemotherapy to all participants and then compared surgery to radiotherapy.
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gThis includes Lad 1994a: surgery - 70 participants; and no surgery - 76 participants; Liao 1995: surgery - 20 participants; and radio-
therapy - 20 participants.

h Fox 1973 reported quality of life and dyspnoea using non-validated scales.

iThis includes Fox 1973: surgery - 71 participants; and radiotherapy - 73 participants.

jStudies contributing to this outcome were at an unclear risk of bias which reduced our confidence in the estimation of effect. Down-
graded once. Staging and surgical techniques don't necessarily reflect best current practice. Downgraded twice. The scales utilised
were not validated.
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B A C K G R O U N D

Description of the condition

Lung cancer is a significant health burden around the world. It is
the fiQh most common malignancy and accounts for approximately
20% of all cancer-related deaths and 5% of overall deaths. Overall
survival of lung cancer is poor. The five-year survival rate is 15% in
Australia and the USA (AIHW & AACR 2012; NHMRC 2004).

Lung cancer is classified according to its histopathological subtype
(Travis 2011; Travis 2013). Two major classes are non-small-
cell lung cancer (NSCLC) (including adenocarcinoma, squamous
cell carcinoma, and NSCLC not otherwise specified), accounting
for 85% of lung cancers; and small-cell lung cancer (SCLC).
Histopathological characteristics guide further diagnosis and
management. The treatment of NSCLC has been examined in other
reviews (Manser 2005).

Small-cell lung cancer is a specific clinical and histological entity. It
comprises approximately 15% of all newly diagnosed lung cancers
worldwide or 180,000 cases per year. It is particularly associated
with tobacco use: 90% of those with SCLC are or were heavy
smokers. Clinically SCLC tends to present in current or ex-smokers
over 70 years of age with a rapid onset of symptoms, generally
consists of central and bulky tumours on chest imaging, and
tends to spread early (van Meerbeeck 2011; Watson 1962). SCLC
may cause paraneoplastic syndromes including, but not limited
to, syndrome of inappropriate antidiuretic hormone secretion
(SIADH), Cushing syndrome, and Lambert–Eaton syndrome (van
Meerbeeck 2011).

Staging for SCLC diLers from NSCLC and other cancers. Because
of its tendency for early dissemination, staging for SCLC was
initially defined by the Veterans' Administration Lung Study Group
(VALSG) in the 1950s as "limited" (within one radiation portal,
defined as a single hemithorax and its corresponding ipsilateral,
supraclavicular lymph nodes) or "extensive" (beyond one portal,
and including distant metastases, and malignant pleural eLusions)
(Zelen 1973). Treatment is generally guided by this staging system.
In 1989, the International Association for the Study of Lung
Cancer (IASLC) recommended the expansion of the definition
of "limited" to include all tumours limited to one hemithorax
with regional lymph node metastases, including hilar, ipsilateral
and contralateral mediastinal and ipsilateral and contralateral
supraclavicular lymph nodes. The IASLC also recommended
any patients with an ipsilateral pleural eLusion, malignant or
not, be included in the "limited stage" if no other metastases
were present (Stahel 1989). DiLerentiating between these stages
may mean the diLerence between oLering chemotherapy plus
radiotherapy, or chemotherapy alone; and given the advancement
of radiation therapy since the 1950s, more accurate staging of nodal
involvement may be of particular relevance for radiation treatment
(Shepherd 2007). More recently clinicians recommend using the
TNM staging system for SCLC (Appendix 1), to assist prognostication
and guide future management. A large, retrospective analysis of the
IASLC database demonstrated a significant diLerence in survival
between T1 and other T categories, and between N0/N1 and N2/N3
categories, and between N1 and N2 categories (Shepherd 2007).

Description of the intervention

Current treatment guidelines recommend platinum-based
chemotherapy plus thoracic radiotherapy for the treatment of
limited-stage SCLC; and chemotherapy alone for extensive disease,
with prophylactic cranial irradiation. These recommendations are
based on the premise that SCLC disseminates early, and that it
is very chemosensitive (Jett 2013; NCCN 2015; NHMRC 2015; NICE
2011). Consideration of surgery is currently recommended for those
who have a solitary nodule, no hilar or mediastinal involvement
based on adequate mediastinal staging, no distant metastases, and
no contraindications to surgery (Jett 2013; NCCN 2015).

Although there is usually an initial good response to chemotherapy,
the overall prognosis is poor. Median survival for patients with
limited disease is 15 to 20 months, with 20% surviving to two years;
and for those with extensive stage disease, median survival is 8 to
13 months with a two-year survival at 5% (van Meerbeeck 2011).

Initially surgery was the treatment of choice for all types of
lung cancer. However in 1969 a randomised controlled trial
compared radiotherapy to surgery in patients with limited SCLC
(Fox 1973). Although median survival rates were less than
one year, it demonstrated a small but significant diLerence in
survival favouring radiotherapy. AQer this trial, surgery was mostly
abandoned in favour of radiotherapy. Shortly aQer, the first
chemotherapeutic agents demonstrated benefit over radiotherapy
and so chemo-radiotherapy became the acceptable form of
treatment (Anraku 2006). The dichotomous taxonomy of SCLC and
NSCLC came about in the 1960s and 1970s following a trial showing
the very poor outcomes of surgery for small-cell or ‘oat cell’ cancer
(Fox 1973). Criticisms of this trial are that it did not include many
participants who would now be considered to have T1-2 N0 disease;
and that new diagnostic and surgical tools have been developed
since this time (Brock 2005).

The principle of surgery in limited-stage SCLC is an attempt to
remove all viable tumour with curative intent. Surgical resection
of presumed early SCLC may also be beneficial so as not to miss a
mistakenly diagnosed SCLC which may indeed be a NSCLC or mixed
neuroendocrine tumour, and may oLer better local control than
chemoradiation therapy (Anraku 2006).

Recently some large retrospective cohort studies have
demonstrated a potential benefit from resection of limited-stage
SCLC. The International Association for the Study of Lung Cancer
(IASLC) Lung Cancer Staging Project, involving 349 cases of early
resection, demonstrated five-year survival rates with pathologic
stage I, II and III SCLC of 48%, 39% and 15% respectively (Vallieres
2009). Similar results were seen in the Surveillance, Epidemiology
and End Results (SEER) retrospective study of 247 participants
with stage I SCLC who underwent resection. This is compared to
evidence from multiple clinical trials using non-surgical chemo-
radiotherapy protocols with a five-year survival rate of 10% to 15%
(Yu 2010).

Numerous other retrospective cohort studies and case series have
demonstrated a survival benefit for those undergoing surgery,
including studies by Karrer 1995 which demonstrated a survival
of 63% in the surgical arm compared to 37% with conventional
therapy, Rostad 2004 which demonstrated a five-year survival of
44.9% in the surgical arm compared to 11% with conventional
therapy and Badzio 2004 which demonstrated a median survival
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of 22 months in the surgery arm compared to 11 months with
conventional therapy.

These results conflict with some randomised controlled trials
which demonstrate no significant benefit of surgery compared to
conventional treatment (Lad 1994a), but these non-randomised
observational studies may be flawed by selection bias.

Why it is important to do this review

Given the poor prognosis of this condition and the current
conflicting literature about the role of surgery in SCLC, this review
sought to identify and appraise all randomised controlled trials
available to determine if surgical resection of limited-stage SCLC
improves clinically important outcomes including survival.

O B J E C T I V E S

To determine whether, in patients with limited-stage SCLC, surgical
resection of cancer improves overall survival and treatment-
related deaths compared with radiotherapy or chemotherapy, or a
combination of radiotherapy and chemotherapy, or best supportive
care.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised, parallel-group controlled trials.
Randomised trials were defined as studies which are described
by the author as ‘randomised’ anywhere in the manuscript. We
included trials where randomisation is implied by the description
of how participants were assigned to treatment and control groups.
There were no language restrictions. All identified trials, published
and unpublished, were potentially eligible for inclusion.

Types of participants

We included participants with a cytological or histopathological
diagnosis of small-cell lung carcinoma and limited-stage disease,
as defined by the authors in each paper. Methods used to qualify
staging were recorded.

Types of interventions

We included surgical resection of lung cancer alone or in
combination with any other therapy, compared to non-surgical
treatment or no treatment, and we excluded trials comparing
surgery alone with surgery plus chemotherapy or radiotherapy.

Types of outcome measures

Primary outcomes

• Overall survival, defined as the time of randomisation to the
time of death.

• Treatment-related deaths.

Secondary outcomes

• Progression-free survival, defined as the time of randomisation
to the time of progression of disease or death.

• Loco-regional progression.

• Quality of life.

• Adverse events, graded according the National Cancer Institute
Common Toxicity Criteria (NCI CTCAE 2010).

Search methods for identification of studies

Electronic searches

We searched the following electronic databases (using the search
strategies listed in Appendix 2).

• Cochrane Central Register of Controlled Trials (CENTRAL; 2016,
Issue 4) in the Cochrane Library.

• MEDLINE Ovid (1946 to 11 January 2017).

• Embase Ovid (1974 to 11 January 2017).

• CINAHL EBSCO (Cumulative Index to Nursing and Allied Health
Literature; 1982 to 11 January 2015).

• Web of Science (to 11 January 2017).

We included publications from any year, language, and type or
article.

Searching other resources

We handsearched reference lists of included studies, relevant
chapters and review articles. We also searched clinical trial
registries including the World Health Organization's International
Clinical Trials Registry (apps.who.int/trialsearch/); and the US
National Institutes of Health's ClinicalTrials.gov. We translated any
relevant article into English for potential inclusion. Where data
were missing, we attempted to contact authors.

Data collection and analysis

Selection of studies

Two independent review authors (KS and HB) independently
screened all abstracts to determine whether they met the inclusion
criteria. Full-text publications were sought for those which possibly
or definitely met the inclusion criteria. Then two independent
authors (KS and HB) reviewed full-text articles to determine
eligibility. They resolved disagreement through discussion or
reached consensus by consulting a third author (RM) where
necessary.

Data extraction and management

Two review authors (KS and HB) independently extracted data from
the included studies. We used a data collection form for study
characteristics and outcome data, which we piloted on one study
included in the review.

We extracted the following data.

• Methods: study design, duration of the study, study setting, and
date of study.

• Participants: number, mean age and age range, gender,
inclusion and exclusion criteria.

• Intervention: intervention, dose, mode of administration,
concomitant treatments, and exclusions.

• Outcomes: primary and secondary outcomes as specified, type
of scale used, and time points collected.

• Notes: funding for trial and any conflicts of interest for trial
authors.

• 'Risk of bias' summary.

Surgery for limited-stage small-cell lung cancer (Review)
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We aimed to present results for time-to-event outcomes (such as OS
and PFS) as hazard ratios (HRs) with 95% confidence intervals (CIs);
and to present the treatment eLects of dichotomous outcomes
(such as OR and serious adverse events) as risk ratios (RRs) with
95% CIs (Higgins 2011).

Assessment of risk of bias in included studies

Two independent authors (HB and KS) assessed the included
studies for risk of bias using the Cochrane's 'Risk of bias'
assessment tool (Higgins 2011). We assessed the following.

• Allocation (random sequence generation and allocation
concealment).

• Blinding of participants and personnel (checking for possible
performance bias).

• Blinding of outcome assessors (checking for possible
performance bias).

• Incomplete outcome data (checking for possible attrition bias
through withdrawals, dropouts, protocol deviations).

• Selective reporting bias (checking for whether the prespecified
outcomes were met).

• Other bias (bias due to problems not covered elsewhere in the
table).

We scored each of these domains separately as either low risk
of bias, unclear risk of bias (insuLicient information to make a
judgement), or high risk of bias as outlined below.

Generation of allocation sequence

For each included study we described the method used to generate
the allocation sequence in suLicient detail to allow an assessment
of whether it should produce comparable groups. We assessed the
method used to generate the allocation sequence as either: low risk
of bias (any truly random process such as random number table
or computer random number generator); or unclear risk of bias
(method used to generate sequence not clearly stated).

Allocation concealment

For each included study we described the method used to conceal
the allocation sequence in suLicient detail to determine whether
intervention allocation could have been foreseen in advance
of (or during) recruitment, or changed aQer assignment. We
assessed the methods as either: low risk of bias (e.g. telephone
or central randomisation; consecutively numbered sealed opaque
envelopes); or unclear risk of bias (method not clearly stated). We
excluded studies that did not conceal allocation (e.g. open list).

Blinding or masking

For this type of intervention, it was likely that the participant was
aware of what group they were assigned to. For each included study
we described the methods used, if any, to blind outcome assessors
from knowledge of which intervention a participant received. We
assessed the methods as either: low risk of bias (study stated that it
was blinded and described the method used to achieve blinding);
or unclear risk of bias.

Incomplete outcome data

We assessed the methods used to deal with incomplete data
as either: low risk of bias (information from all participants
were included in the main results, any dropouts are reported,

any systematic diLerences between the two treatment arms are
reported); unclear risk of bias (used 'last observation carried
forward' analysis); or high risk of bias (used 'completer' analysis).

Selective reporting bias

We assessed the methods as either low risk of bias (when the study
fully reported all prespecified outcomes); unclear risk of bias (when
it appeared not all prespecified outcomes were fully reported); or
high risk of bias (not all prespecified outcomes were reported).

Other bias

For each included study we described any important concerns we
had about other possible sources of bias (e.g. baseline imbalance,
bias of the presentation data, representation of gender, age of
studies, and whether any other treatments were administered
outside of the protocol).

We resolved any disagreement which arose whilst conducting the
above procedures by discussion and consensus.

Measures of treatment e@ect

We planned to measure treatment eLect using HRs for time-to-
event variables. We planned to pool dichotomous data such as
adverse events and present these using RRs and 95% CIs. We
planned to pool continuous data such as quality of life scores,
mean diLerence (MD) or the standardised mean diLerence (SMD)
into Review Manager 2014. When data aggregation was not feasible,
results were presented in a descriptive analysis.

Unit of analysis issues

Our unit of analysis is the participant. We did not identify any cluster
randomised controlled trials.

Dealing with missing data

We attempted to contact the authors to obtain missing data, but
at the time of the publication of the review there has been no
response. We distinguished between intention-to-treat (ITT) and
per protocol (PP) analyses when judging quality.

Assessment of heterogeneity

To assess statistical heterogeneity of pooled analyses we planned
to use the I2 statistic, which describes the percentage of the total
variation across trials due to heterogeneity rather than sampling
error. We considered significant statistical heterogeneity to be
present if the I2 was greater than 50% (Higgins 2011). Where
significant heterogeneity was identified, we expected to further
assess using pre-determined subgroups.

Assessment of reporting biases

We planned to assess publication bias using funnel plot analysis,
but given the small number of studies included this was not
possible.

Data synthesis

We planned to pool measures of eLect using a fixed-eLect model,
unless there was significant heterogeneity (I2 > 50%). In that case,
we planned to analyse data using a random-eLects model. Based
on the heterogeneity of the trials, we decided it was not possible to
pool measures of eLect. We reported trials as descriptive analyses.
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We assessed the overall quality of the evidence using the GRADE
system (GradePro 2015), according to the following parameters
where applicable.

• Limitations in the design and implementation.

• Indirectness of evidence.

• Unexplained heterogeneity or inconsistency of results.

• Imprecision of results.

• High probability of publication bias.

The GRADE system uses the following criteria for assigning the
grade of evidence based on RCTs.

• High: further research is very unlikely to change our confidence
in the estimate of eLect.

• Moderate: further research is likely to have an important impact
on our confidence in the estimate of eLect and may change the
estimate.

• Low: further research is very likely to have an important impact
on our confidence in the estimate of eLect and is likely to change
the estimate.

• Very low: any estimate of eLect is very uncertain.

We decreased the grade of evidence if the following occurred.

• Serious (−1) or very serious (−2) limitation to study quality.

• Important inconsistency (−1).

• Some (−1) or major (−2) uncertainty about directness.

• Imprecise or sparse data (−1).

• High probability of reporting bias (−1).

Subgroup analysis and investigation of heterogeneity

We planned to perform the following subgroup analyses to
determine if the impact of the intervention varied across these

groups, and if these groups identified a source of heterogeneity.
However due to the small number and variability of trials we were
unable to combine data and perform subgroup analyses.

• By TNM stage (to determine if more contemporary staging had a
diLerent eLect on outcomes).

• Induction treatment (chemotherapy/radiotherapy/chemo-
radiotherapy) (to determine if diLerent induction treatments
had a diLerent eLect on outcomes).

• Adjuvant treatment (chemotherapy/radiotherapy/chemo-
radiotherapy) (to determine if diLerent adjuvant treatments had
diLerent eLects on outcomes).

• By publication date (to determine if this had an eLect on
heterogeneity).

Sensitivity analysis

Where applicable, we planned to perform sensitivity analyses by
quality of studies as assessed by the risk of bias criteria; however,
the small number of trials and variability between trials ruled this
out.

R E S U L T S

Description of studies

Results of the search

We identified 2954 citations using our search strategy, and selected
76 articles for full-text review aQer screening the abstracts of
the initial search results. Many trials were in languages other
than English, and we sought Cochrane translators to assist in
the screening of these studies. We found five papers eligible for
inclusion. Fox 1973, Miller 1969 and Scadding 1966 described the
same cohort of participants with diLerent time points of outcome
measurement and so we reported these as part of one trial. We
included three trials with 330 participants. See Figure 1 for more
details.
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Figure 1.   Study flow diagram.

 
Included studies

See the 'Characteristics of included studies' table.

We included three trials with 330 participants (Fox 1973; Lad 1994a;
Liao 1995).

Study characteristics

All studies were described as randomised, parallel controlled trials.
The three included studies were reported between 1973 and 1995,
and their follow-up ranged from 1 to 3 years (Liao 1995) to up to 10
years (Fox 1973).

Surgery for limited-stage small-cell lung cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

9



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Participants

Each study included participants diagnosed with histologically or
cytologically confirmed SCLC, and were considered to have limited
disease following radiological assessment. Bone marrow biopsy
was performed in two trials (Lad 1994a; Liao 1995). Participants
were only included if they were considered medically suitable for
surgical resection and radical radiotherapy, except in Lad 1994a
where participants were only included for randomisation aQer an
initial response to chemotherapy.

Intervention

Surgical arm

Participants allocated to the surgical arm underwent thoracotomy
with the intention of complete resection. Lad 1994a described
complete resection in 77% of surgical participants, with 6%
resulting in incomplete resection (positive margins), and 17%
considered unresectable at time of thoracotomy. Fox 1973
described complete resection with pneumonectomy in 48%, a
palliative pneumonectomy in 1%, thoracotomy only in 34%, and no
resection in 18% of surgical participants. Liao 1995 did not describe
any details of the methods or extent of the surgical resection, or the
exact number of participants who ultimately underwent resection.

One trial performed nodal sampling from at least pretracheal,
subcarinal, and intrapulmonary nodal stations during mediastinal
nodal dissection, with the mean number of 3.6 N1 lymph nodes and
mean 6.4 N2 nodes removed (Lad 1994a). Two trials did not provide
details about nodal dissection/sampling (Fox 1973; Liao 1995).

Control arm

Lad 1994a compared surgery to no intervention. All participants
underwent induction chemotherapy (cyclophosphamide, 1 g/m2;
doxorubicin, 50 mg/m2; and vincristine 1.4 mg/m2 every 3 weeks
for five cycles), then objective responders (defined as “objective
shrinking”, but specific criteria for this were not provided) were
subsequently randomised to surgery with intent of complete
resection followed by chest and whole brain irradiation, compared
to chest and whole brain irradiation alone. Radiotherapy doses
were 50 Gy in 25 fractions to the chest, and 30 Gy in 30 fractions in
whole brain prophylaxis, delivered concurrently, in all participants.

Liao 1995 compared surgery to radiotherapy. All participants
underwent two cycles of induction chemotherapy (IAO: Ifosfamide
1.2 g/m2 intravenous (IV) for days 1 to 5, MESNA 400 mg IV TDS for
days 1 to 5, Adriamycin 50 mg/m2 IV for day 1, Vincristine 1 mg/m2

for day 1). Subsequently, participants were randomised to surgical
resection or radiotherapy (60 Gy). This was followed by an average
of 2.8 cycles of chemotherapy in the surgical group and an average
of 1.9 cycles of chemotherapy in the radiotherapy group.

Fox 1973 initially randomised participants to surgery or
radiotherapy. Radical radiotherapy (3000 rads over 20 to 40
days), was applied in 85%, palliative radiotherapy in 11%, and
no radiotherapy in 4% of control participants (due to refusal or
deterioration).

Co-interventions

Only one trial reported treatment outside the specified protocol
(Fox 1973). In 55% of participants in the surgical arm, treatment
other than surgery was given at some time during the two-year
period: chest radiotherapy was given to 34% in the first three
months; radiotherapy for distant metastases was given in 11%;
and chemotherapy was given to 18%. Twenty-nine per cent of
radiotherapy arm participants received further treatment over the
two-year period: 21% received radiotherapy for distant metastases;
and chemotherapy was administered to 12% of participants (13/71
in the surgical arm and 9/73 in the radiotherapy arm).

Outcomes

For the primary outcome of survival, Lad 1994a reported median
survival; Fox 1973 reported overall survival at 1, 2, 5, 6 and 10 years
and mean survival; Liao 1995 reported overall survival at 1, 2 and
3 years.

Fox 1973 reported treatment-related deaths and treatment-related
complications, and dyspnoea (but did not describe the scale on
which this was measured).

Two studies reported loco-regional progression (Lad 1994a; Liao
1995).

Excluded studies

See the 'Characteristics of excluded studies' table.

Risk of bias in included studies

We assessed the risk of bias in the included studies using the
Cochrane 'Risk of bias' assessment tool (Higgins 2011), and
included the domains of allocation, blinding, incomplete outcome
data, and other bias.

Please see Figure 2 and Figure 3 for the risk of bias findings.
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Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
Allocation

We assessed random sequence generation as 'low risk' in one study
(Fox 1973); and 'unclear risk' in two studies (Lad 1994a; Liao 1995).

We assessed allocation concealment as 'low risk' in one study (Fox
1973); and 'unclear risk' in two studies (Lad 1994a; Liao 1995), as
methods of allocation concealment were not reported.

Blinding

We assessed blinding of participants and personnel and outcome
assessors as 'unclear risk' in all three studies. It is likely that
participants were aware of the intervention they were assigned
to and it is likely the treating physicians were aware of the
intervention received, and this may have aLected the choice of
co-interventions. Lack of blinding is unlikely to have aLected the
results in the main outcome of survival but may have had an eLect
on the measurement of other outcomes.

Incomplete outcome data

Incomplete outcome data bias was assessed as low for one study
(Lad 1994a), as reasons for participants not receiving allocated
treatment were detailed, and all participants were accounted for
at the time of follow-up. We judged incomplete outcome data bias
as high in one study (Liao 1995), as some participants were lost
to follow-up and further details were not provided. We judged
incomplete outcome data bias as unclear in one study as although
the reason for withdrawal was made clear, there were more
withdrawals in the surgical group than the radiotherapy group (Fox
1973).

Only one study clearly used intention-to-treat analysis (Fox 1973).

Selective reporting

We judged selective reporting bias as low for two studies (Fox
1973; Lad 1994a), as all prespecified outcomes were detailed. We
reported one study to be at high risk as prespecified outcomes
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(progression-free survival and adverse events) were not reported
and the reasons for this were unclear (Liao 1995).

Other potential sources of bias

We judged one study as 'high risk' as participants were eligible
to receive further treatment following randomised intervention
(Fox 1973). Intention-to-treat analysis was performed. We judged
two studies as 'unclear risk' as it was not reported whether other
participants received treatment outside the protocol (Lad 1994a;
Liao 1995). Liao 1995 noted that the mean age of participants
undergoing surgical intervention was lower (mean 50 years, range
33 to 74 years) compared to radiotherapy (mean age 54 years, range
31 to 66 years); however it is unclear how this may have aLected the
results.

All studies were published more than 20 years ago. Since this
time, the requirements and reporting standards for conducting
randomised controlled trials have become more rigorous. It is
possible these trials did not adhere to current standards, leading to
the introduction of bias.

E@ects of interventions

See: Summary of findings for the main comparison

Primary outcomes

Survival

We intended to report overall survival using hazard ratios and
95% confidence intervals, but there were not enough appropriate
extractable data to do this and so a descriptive analysis based on
available evidence has been used.

Lad 1994a reported median survival as 15.4 months for the surgical
arm and 18.6 months for the non-surgical arm (146 participants,
log-rank P = 0.78).

Fox 1973 reported mean survival as 199 days in the surgical arm,
and 300 days in the radiotherapy arm (P = 0.04; 144 participants).
The number of participants alive in the surgical and radiotherapy
arms was 21% and 22% respectively at 1 year, 4% and 10%
respectively at 2 years, 1% and 4% respectively at 5 years, and 0%
and 4% respectively at 10 years.

Liao 1995 reported overall survival at 1, 2 and 3 years. One-year
overall survival was: surgery group, 79%; radiotherapy group, 63%.
Two-year overall survival was: surgery group, 52%; radiotherapy
group, 18%. Three-year overall survival was: surgery group, 24%;
radiotherapy group, 18% (P = 0.12, Chi2 = 2.42).

Treatment-related deaths

Fox 1973 reported treatment-related deaths. Five deaths were
directly attributable to surgical intervention (of 58 participants
submitted to surgery), with an early postoperative mortality of
7%. Reasons included empyema, pulmonary embolus, myocardial
infarction, chronic pleural space infection, and unknown cause.
No radical radiotherapy participants died as a direct cause of
treatment. Lad 1994a reported two deaths (3%) relating to surgery.
No radiotherapy deaths were reported. Liao 1995 did not report
treatment-related deaths.

Secondary outcomes

Loco-regional progression

Lad 1994a reported local progression in 25% and an additional
13% with distal relapse. They reported that patterns of treatment
failure did not diLer between the two groups; however individual
group data were not available. Liao 1995 reported three out of
20 participants developed local recurrence in the surgical group
compared to two out of 20 participants in the radiotherapy group.
Distal metastases occurred in seven of 20 surgical participants,
compared to ten out of 20 radiotherapy participants. Data was
presented on the proportion of loco-regional progression in each
group at the end of the study but time-to-event data such as
progression-free survival were not reported.

Quality of life

Fox 1973 reported "well-being" and "dyspnoea", using non-
validated scales (see Characteristics of included studies).

Well-being was reported as "good" or "fair" in the majority of
survivors in both arms. However at 3 months, 31% of surgical
participants and 20% of radiotherapy participants were described
as in "poor" condition; at 6 months, 43% of surgical participants
and 29% of radiotherapy participants were similarly described; and
at 12 months, 36% of surgical participants and 46% of radiotherapy
participants were again described as in "poor" condition.

Mean degree of dyspnoea was recorded at 3, 6 and 12 months
(adjusted for baseline assessment) (see Characteristics of included
studies). Comparing surgery to radiotherapy, there was a diLerence
of 0.1 at 3 months, −0.3 at 6 months, and −1.2 at 12 months,
indicating participants in the radiotherapy group experienced more
dyspnoea compared to the surgical group.

D I S C U S S I O N

Summary of main results

Conclusions about the role of surgery in the management of
limited-stage small-cell lung cancer are constrained by the quality
of the available evidence and the lack of contemporary randomised
trial data. We identified three trials, all conducted more than 20
years ago.

The trial of Fox 1973 considerably changed the way SCLC was
treated. It found survival was better in the non-surgical compared
to the surgical treatment group. Following this trial, surgery
was largely abandoned in favour of radiotherapy. Chemotherapy
was not included as part of the standard treatment protocol for
this study; however subsequent studies supported the role of
chemotherapy in addition to radiation in small-cell carcinoma
(Anraku 2006). The results of this study are not generalisable to
current practice as most participants enrolled in this study had
advanced disease, and staging was not comparable to current
standards as chest imaging with computed tomography (CT) and
positron emission tomography (PET) was not available at that time.
Diagnosis was also made via rigid bronchoscopy, so peripheral
nodules were not included. Treatment also did not include adjuvant
chemotherapy at that time. In the surgical arm, only 34/71
participants underwent surgical resection; and during the 10-
year follow-up other treatments were available — analysis was
made as intention-to-treat, and subsequent interventions were
not always completely recorded. There was also a considerably
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high rate of pneumonectomy, peri-operative mortality, and R2
resections. Pneumonectomy is now rarely performed, and would
not be advocated (Powell 2009). The high rate of mortality in the
surgical arm may be due in part to the ongoing survival-limiting
eLect of functioning with only one lung rather than being from a
beneficial eLect of radiotherapy on survival.

Lad 1994a included standard chemotherapy and radiotherapy
for both arms, which is more comparable to current practice;
and following this treatment, randomised participants to surgery
or no surgery. They found no significant diLerence in survival
between groups. Ten per cent of participants randomised to
the surgical arm did not undergo resection; many participants
had bulky nodal disease; and as tumours were diagnosed
bronchoscopically, peripheral nodules were excluded. Liao 1995
treated all participants with chemotherapy, then randomised to
surgery or radiotherapy. They found a higher survival rate in the
surgical group compared to the radiotherapy group, but this was
not statistically significant and because of the small number of
participants and the risk of bias in this study it is diLicult to interpret
the significance of these findings.

Overall completeness and applicability of evidence

This review is limited by the paucity of good-quality randomised
controlled trials, and it is hard to compare participant
characteristics and methods used 20 to 40 years ago to the
diagnostic and therapeutic methods of our current practice.
There were variations between the trials included in the review,
particularly in the types of treatments delivered, and due to this
clinical heterogeneity and the lack of appropriate quantitative data
provided in trial reports it was not possible to draw firm conclusions
or perform meta-analyses. The review included trials which had
examined the role of surgery in limited-stage disease but none
of the studies provided TNM staging for those included and it is
likely the majority of the participants included in these studies
had central and/or nodal disease. Therefore the findings of the
review may not be generalisable to stage 1 small-cell lung cancer,
particularly stage 1A disease.

Quality of the evidence

Selection bias was judged as 'high' as the methods of
randomisation and concealment allocation were oQen poorly
described. Not all participants received their allocated treatments,
and this was not always clearly reported; and some participants
received other treatments during follow-up which were
incompletely reported and may have aLected the overall outcome.
There was also limited information provided regarding the extent of
surgery, and the experience of the surgeons or the centre in which
the treatment was conducted.

We judged the quality of evidence as 'very low' for all of the
outcomes, according to the GRADE approach (GradePro 2015).
There was an unclear risk of bias in the ways the studies were
conducted, which reduced our confidence in the estimation of
the eLect. The way in which cancer was staged and methods of
surgery which do not reflect current clinical practice led to concerns
regarding indirectness of evidence. We were unable to combine
studies as they were too heterogeneous.

Potential biases in the review process

We conducted this review in accordance with established Cochrane
standards. Two review authors independently screened search
results and resolved discrepancies by discussion and consensus.
We did not restrict the literature search by language and we
translated many studies into English to determine suitability for
inclusion and for data extraction. We also contacted the study
authors where it was unclear if a study met the inclusion criteria
and to obtain further data, though none of the study authors
responded.

Publication bias is possible, whereby a failure to identify
unpublished trials could have led to an overestimation or
underestimation of the eLect of surgery on the treatment of SCLC.

Agreements and disagreements with other studies or
reviews

To our knowledge this is the only systematic review available which
examines the available evidence from randomised controlled trials
for the use of surgery for limited-stage small-cell lung cancer. Our
search only yielded a small number of older studies eligible for
inclusion in the review, which demonstrated very little evidence for
the role of surgery in SCLC. However there have been a number
of recent, retrospective analyses performed that oLer diLerent
findings.

The largest is a recent retrospective analysis of the Surveillance,
Epidemiology and End Results (SEER) database which identified
3556 patients with stage I and II SCLC. Of these, 895 underwent
resection. Median survival was 34.0 months (95% CI 29.0 to 39.0),
compared to 16.0 months (95% CI 15.3 to 16.70, P < 0.001) in
the non-surgical patients. Median survival was significantly greater
following lobectomy compared to wedge resection, which was still
significantly better than no surgery. However the surgical cohort
was younger, and likely a healthier cohort. These findings are
similar to other retrospective studies, including the International
Association for the Study of Lung Cancer (IASLC) Lung Cancer
Staging Project which identified 349 cases of early stage resection
which demonstrated five-year survival rates with pathologic stage
I, II and III SCLC of 48%, 39% and 15% respectively (Vallieres 2009),
another retrospective study by Karrer 1995 which demonstrated
a survival of 63% in the surgical arm compared to 37% with
conventional therapy, Rostad 2004 which demonstrated a five-
year survival of 44.9% in the surgical arm compared to 11% with
conventional therapy and Badzio 2004 which demonstrated a
median survival of 22 months in the surgery arm compared to 11
months with conventional therapy. A more recent retrospective
review from Lim 2008 analysed 59 patients who underwent surgical
resection for known SCLC and demonstrated an excellent overall
survival of 76% at one year (95% CI 65 to 88) and an overall five-year
survival of 52% (95% CI 40 to 68).

The findings of such observational studies have lent support to
current clinical practice guidelines which recommend surgery for
carefully staged stage 1 small-cell lung cancer in those without
contraindications for surgery; however these studies are likely
aLected by selection bias (Jett 2013; NCCN 2015). Whilst the results
of this review may not be generalisable to stage 1 small-cell lung
cancers carefully staged in the modern era, the trend to increased
treatment-related deaths in the surgical arms of two of the studies
included in this review emphasises the need for well-conducted

Surgery for limited-stage small-cell lung cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

14



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

randomised controlled trials comparing surgery for stage 1 small-
cell cancer with non-surgical treatment.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Evidence from currently available randomised controlled trials
does not support a role for surgical resection in the management
of limited-stage small-cell lung cancer. However our conclusions
are limited by the quality of the available evidence and the lack of
contemporary data. The results of trials included in this review may
not be generalisable to patients with clinical stage 1 small-cell lung
cancer carefully staged using contemporary staging methods.

Implications for research

Although some guidelines currently recommend surgical resection
in clinical stage 1 small-cell lung cancer, prospective randomised

controlled trials are needed to determine if there is any benefit in
terms of short- and long-term mortality and quality of life compared
with chemo-radiotherapy alone, as well as to assess the potential
morbidity and mortality associated with surgery.
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Characteristics of included studies [ordered by study ID]

 

Methods Parallel randomised controlled trial

Participants Adults with SCLC diagnosed on bronchial biopsy, with no radiologic evidence of extrathoracic metas-
tases, and appropriate for operation/radiotherapy.

Interventions Surgery - 71 participants

Complete resection in 34 (48%), thoracotomy in 24 (34%), resection in 23 (33%), refused surgery in 2,
and no surgery prior to deterioration in 13 (18%) of participants.

In 55% of the surgical arm participants, treatment other than surgery was given at some time during
the 2-year period: chest radiotherapy was given to 34% in the first 3 months; radiotherapy for distant
metastases was given in 11%; and chemotherapy was given to 18%.

Compared to radiotherapy - 73 participants.

Radical (3000 rads over 20 to 40 days) in 62 (85%), palliative in 8 (11%), and refused or deteriorated in 3
(4%) of participants.

29% of radiotherapy arm participants received further treatment over the 2-year period: 21% received
radiotherapy for distant metastases; and chemotherapy was administered to 12% of participants.

Outcomes • Overall survival at 1, 2, 5, 6, 10 years

• Mean survival

• Treatment-related deaths

• Treatment-related complications

• General condition (reported as good, fair, poor. No other details or objective measures provided).

• Dyspnoea, measured on a 5-point scale with the following parameters:

a. Climbs hills and stairs normally.

b. Walks any distance on the flat normally.

c. Walks more than 100 yards at own speed.

d. Short of breath walking 100 yards or less.

e. Short of breath on mild exertion (e.g. undressing).

Notes This is the same cohort as the Scadding and Miller trial.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Allocation to treatment was made by reference to lists based on random sam-
pling numbers.

Allocation concealment
(selection bias)

Low risk A separate list was used for each surgeon.

Blinding of participants
and personnel (perfor-
mance bias) 

Unclear risk It is likely that participants were aware of the intervention they were assigned
to. It is likely the treating physicians were aware of the intervention received
and this may have affected the choice of co-interventions.

Fox 1973 
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All outcomes Lack of blinding is unlikely to have affected the results in the main outcome of
survival but may have an effect on the measurement of other outcomes.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk It was not clear whether outcome assessors were truly blinded to the interven-
tion. Lack of blinding is unlikely to have affected the results in the main out-
come of survival, but it is unclear how it may have affected other outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Withdrawals were not equal across groups, with 13/71 in the surgical group
and only 3/73 in the radiotherapy group dropping out.

For the surgical group 13/71 participants did not receive the intervention;
11 deteriorated in the interval between the allocation to treatment and the
planned date of the operation, so that they were then judged unfit for surgery,
and 2 refused surgery.

In the radiotherapy group 3/73 participants did not receive any radiotherapy,
in 2 because of deterioration before treatment could be commenced; the 3rd
refused radiotherapy.

There may have been a long delay between allocation of treatment and actu-
al commencement, especially in the surgical group, which could have affected
results.

Selective reporting (re-
porting bias)

Low risk The study fully reported all prespecified outcomes.

Other bias High risk Participants were eligible to receive further treatment following randomised
intervention. Intention to treat analysis was performed.

Fox 1973  (Continued)

 
 

Methods Parallel randomised trial

Participants Adults with SCLC diagnosed on bronchial biopsy, with no radiologic evidence of extrathoracic metas-
tases, and appropriate for operation/radiotherapy

Interventions All participants had induction chemotherapy for 5 cycles prior to randomisation (cyclophosphamide, 1
g/m2; doxorubicin, 50 mg/m2; and vincristine, 1.4 mg/m2, every 3 weeks for five cycles).

Surgery - 70 participants. Complete resection in 77% of surgical participants, with 6% resulting in in-
complete resection (positive margins), and 17% considered unresectable at time of thoracotomy.

Compared to no intervention - 76 participants.

Following, all had chest and brain irradiation. (The radiation therapy doses were 50 Gy in 25 fractions to
the chest, the target being the initial (pre-chemotherapy) tumour volume and mediastinum, and 30 Gy
in 15 fractions whole-brain prophylaxis. Brain and chest irradiation were delivered concurrently).

Outcomes Median survival, loco-regional progression.

Adverse events, including treatment related deaths, were not reported.

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Lad 1994a 
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Random sequence genera-
tion (selection bias)

Unclear risk Study was reported as randomised, but no details for methods were given.

Allocation concealment
(selection bias)

Unclear risk No details for allocation concealment were given.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It is likely that participants were aware of the intervention they were assigned
to. It is likely the treating physicians were aware of the intervention received
and this may have affected the choice of co-interventions.

Lack of blinding is unlikely to have affected the results in the main outcome of
survival but may have an effect on the measurement of other outcomes.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk It was not clear whether outcome assessors were truly blinded to the interven-
tion. Lack of blinding is unlikely to have affected the results in the main out-
come of survival, but it is unclear how it may have affected other outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants were accounted for.

Selective reporting (re-
porting bias)

Low risk The study fully reported all prespecified outcomes.

Other bias Unclear risk It was not clear if any participants crossed over to other intervention arms.

Lad 1994a  (Continued)

 
 

Methods Parallel randomised controlled trial.

Participants Adult participants SCLC diagnosed clinically, radiologically and histologically.

Interventions Surgery - 20 participants

Radiotherapy - 20 participants

All participants received up to 4 cycles of chemotherapy using IAO regimen (Ifosfamide 1.2 g/m2 IV for
days 1 to 5, MESNA 400 mg IV TDS for days 1 to 5, Adriamycin 50mg/m2 IV for day 1, Vincristine 1 mg/
m2 for day 1) before and after intervention (surgical participants received an average of 2.1 cycles prior
and 2.8 cycles post intervention, radiotherapy participants received an average of 2.2 cycles pre and 1.9
cycles post intervention).

Outcomes Overall survival at 3 years.

Notes Article was in Chinese, translated into English.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No information on the method of random sequence generation was detailed.

Allocation concealment
(selection bias)

Unclear risk No information on sequence generation and allocation to enable assessment
of the independence between the two stages of the trial.

Liao 1995 
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Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Unclear risk It is likely that participants were aware of the intervention they were assigned
to. It is likely the treating physicians were aware of the intervention received
and this may have affected the choice of co-interventions.

Lack of blinding is unlikely to have affected the results in the main outcome of
survival but may have an effect on the measurement of other outcomes.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Unclear risk It was not clear whether outcome assessors were truly blinded to the interven-
tion. Lack of blinding is unlikely to have affected the results in the main out-
come of survival, but it is unclear how it may have affected other outcomes.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk A total of 7 from 40 participants were lost to follow up (3 in surgery group and 4
in radiotherapy group, no reasons given).

Selective reporting (re-
porting bias)

Unclear risk Progression-free survival and adverse events not reported.

Other bias Unclear risk It was not clear if any participants crossed over to other intervention arms.

Liao 1995  (Continued)

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Anonymous 1991 Not randomised

Anraku 2006 Review (to be clarified)

Bychkov 2001 Wrong intervention

Candel 2009 Review

Clemente 2013 Review

Coolen 1995 Retrospective

Crisci 1989 Not randomised

Cui 1994 Retrospective

Davis 1993 Not randomised

de Antonio 2006 Not randomised

Dusmet 2004 Review

Eguchi 1988 Review

Eichhorn 1975 Wrong intervention

Elias 1993 Wrong intervention

Friedberg 2012 Review
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Study Reason for exclusion

Fujimori 1997 Wrong study design

Fujimura 2001 Review

Gatzemeier 1986 Not randomised

Graham 1993 Review

Grants 1989 Not randomised

Greschuchna 1978 Retrospective

Gridelli 1994 Not randomised

Gridelli 1994a Not randomised

Hansen 1984 Review

Hara 1988 Retrospective

Hara 1991a Not randomised

Hara 1991b Retrospective

Ju 2012 Retrospective

Karrer 1978 Review

Karrer 1982a Review

Karrer 1982b Duplicate

Karrer 1986 Review

Karrer 1987 Wrong intervention

Karrer 1988 Wrong intervention

Karrer 1989a Wrong intervention

Karrer 1989b Duplicate

Karrer 1990 Wrong intervention

Karrer 1995 Wrong intervention

Kobayashi 1988 Not randomised

Kodama 1998 Review

Krishnamurthy 2011 Not randomised

Lad 1991 Duplicate

Lad 1994b Duplicate
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Study Reason for exclusion

Lagerwaard 2010 Wrong participant population

Lassen 1999 Review

Lewinski 2001 Not randomised

Lexer 1988 Not randomised

Li 2010 Not randomised

Lucchi 1997 Retrospective

Lukianski 1988 Not randomised

Macchiarini 1989a Retrospective

Macchiarini 1989b Duplicate

Namikawa 1988 Not randomised

Osterlind 1986a Wrong intervention

Osterlind 1986b Not randomised

Prager 1984 Not randomised

Rea 1998 Wrong intervention

Schamanek 1994 Wrong intervention

Shepherd 1983 Retrospective

Shepherd 1989 Retrospective

Shepherd 1991 Not randomised

Sorenson 1981 Review

Szczesny 2003 Review

Theuer 1992 Review

Tsuchiya 2005 Wrong intervention

Ulsperger 1990 Duplicate

Ulsperger 1991 Duplicate

Veronesi 2007 Not randomised

Watanabe 1988 Not randomised

Yamaguchi 1988 Not randomised
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A P P E N D I C E S

Appendix 1. TNM staging system for lung cancer (7th edition)

 

Primary tumor (T)

Tx Primary tumour cannot be assessed, or tumour proven by the presence of malignant cells in sputum or
bronchial washings but not visualized by imaging or bronchoscopy

T0 No evidence of primary tumour

Tis Carcinoma in situ

T1 Tumour ≤3 cm diameter, surrounded by lung or visceral pleura, without invasion more proximal than lobar
bronchus

T1a Tumour ≤2 cm in diameter

T1b Tumour >2 cm but ≤3 cm in diameter

Tumour >3 cm but ≤7 cm, or tumour with any of the following features:

Involves main bronchus, ≥2 cm distal to carina

Invades visceral pleura

T2

Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve
the entire lung

T2a Tumour >3 cm but ≤5 cm

T2b Tumour >5 cm but ≤7 cm

Tumour >7 cm or any of the following:

Directly invades any of the following: chest wall, diaphragm, phrenic nerve, mediastinal pleura, parietal peri-
cardium, main bronchus <2 cm from carina (without involvement of carina)

Atelectasis or obstructive pneumonitis of the entire lung

T3

Separate tumour nodules in the same lobe

T4 Tumour of any size that invades the mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, oe-
sophagus, vertebral body, carina, or with separate tumour nodules in a different ipsilateral lobe

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be assessed

N0 No regional lymph node metastases

N1 Metastasis in ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes, includ-
ing involvement by direct extension

N2 Metastasis in ipsilateral mediastinal and/or subcarinal lymph node(s)
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N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavic-
ular lymph node(s)

Distant metastasis (M)

M0 No distant metastasis

M1 Distant metastasis

M1a Separate tumour nodule(s) in a contralateral lobe; tumour with pleural nodules or malignant pleural or peri-
cardial effusion

M1b Distant metastasis (in extrathoracic organs)

Stage groupings

Stage IA T1a-T1b N0 M0

Stage IB T2a N0 M0

T1a,T1b,T2a N1 M0Stage IIA

T2b N0 M0

T2b N1 M0Stage IIB

T3 N0 M0

T1a,T1b,T2a,T2b N2 M0

T3 N1,N2 M0

Stage IIIA

T4 N0,N1 M0

T4 N2 M0Stage IIIB

Any T N3 M0

Stage IV Any T Any N M1a or M1b

  (Continued)

 
Adapted from: Goldstraw 2007

Appendix 2. Search Strategy

Ovid MEDLINE, 1946 to 11 January 2017

1 exp Small Cell Lung Carcinoma/

2 exp Carcinoma, Small Cell/

3 exp Lung Neoplasms/

4 2 and 3

5 small cell lung.ti,ab.

6 (small cell carcinoma adj3 lung).ti,ab.
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7 SCLC.ti,ab.

8 1 or 4 or 5 or 6 or 7

9 non small cell lung.ti.

10 8 not 9

11 exp Pneumonectomy/

12 surgery.fs.

13 surg*.ti,ab.

14 resect*.ti,ab.

15 lobectom*.ti,ab.

16 pneumonectom*.ti,ab.

17 11 or 12 or 13 or 14 or 15 or 16

18 10 and 17

19 randomised controlled trial.pt.

20 controlled clinical trial.pt.

21 randomized.ab.

22 placebo.ab.

23 drug therapy.fs.

24 randomly.ab.

25 trial.ab.

26 groups.ab.

27 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26

28 exp animals/ not humans.sh.

29 27 not 28

30 18 and 29

Ovid Embase, 1974 to 11 January 2017

1 exp lung small cell cancer/

2 small cell lung.ti,ab.

3 (small cell carcinoma adj3 lung).ti,ab.

4 SCLC.ti,ab.

5 1 or 2 or 3 or 4

6 non small cell lung.ti.

7 5 not 6

8 exp lung resection/

9 su.fs.

10 surg*.ti,ab.
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11 resect*.ti,ab.

12 lobectom*.ti,ab.

13 pneumonectom*.ti,ab.

14 8 or 9 or 10 or 11 or 12 or 13

15 7 and 14

16 random:.tw. or placebo:.mp. or double-blind:.mp.

17 15 and 16

Cochrane Central Register of Controlled Trials (Cochrane Library, Issue 4, 2016)

#1 MeSH descriptor: [Small Cell Lung Carcinoma] explode all trees

#2 MeSH descriptor: [Carcinoma, Small Cell] explode all trees

#3 MeSH descriptor: [Lung Neoplasms] explode all trees

#4 #2 and #3

#5 small cell lung:ti,ab

#6 (small cell carcinoma near/3 lung):ti,ab

#7 SCLC:ti,ab

#8 #1 or #4 or #5 or #6 or #7

#9 non small cell lung:ti

#10 #8 not #9

#11 MeSH descriptor: [Pneumonectomy] explode all trees

#12 surg*:ti,ab

#13 resect*:ti,ab

#14 lobectom*:ti,ab

#15 pneumonectom*:ti,ab

#16 #11 or #12 or #13 or #14 or #15

#17 #10 and #16

C O N T R I B U T I O N S   O F   A U T H O R S

HB and RM draQed the protocol.

HB and KS screened and extracted studies.

HB, KS, SB, and RM draQed the review.

D E C L A R A T I O N S   O F   I N T E R E S T

Hayley Barnes: none known

Katharine See: none known

Stephen Barnett: none known

Renée Manser: none known
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S O U R C E S   O F   S U P P O R T

Internal sources

• None, Other.

External sources

• None, Other.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We revised the title to 'Surgery for limited-stage small-cell lung cancer' to more accurately reflect current guidelines on staging for small-
cell lung cancer. We further discussed the diLerent definitions of 'limited' in the manuscript. We amended the primary outcomes to include
overall survival and treatment-related deaths, and made progression-free survival a secondary outcome.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Antineoplastic Agents  [therapeutic use];  Antineoplastic Combined Chemotherapy Protocols  [therapeutic use];  Induction
Chemotherapy  [methods];  Lung Neoplasms  [drug therapy]  [pathology]  [radiotherapy]  [*surgery];  Randomized Controlled Trials as
Topic;  Small Cell Lung Carcinoma  [drug therapy]  [pathology]  [radiotherapy]  [*surgery];  Survival Rate

MeSH check words

Humans

Surgery for limited-stage small-cell lung cancer (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

31


