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A B S T R A C T

Background

Surgical resection (usually lobectomy) is considered the treatment of choice for many individuals with early stage non-small cell lung

cancer (NSCLC) . However much of the evidence is observational.

Objectives

To determine whether, in patients with early stage NSCLC, surgical resection of cancer improves disease-specific and all-cause mortality

compared with no treatment, radiotherapy or chemotherapy.

Search strategy

For this update we ran a new search in October 2009, using the following search strategy designed in the original review: Cochrane

Central Register of Controlled Trials (CENTRAL) (accessed through The Cochrane Library, 2009, Issue 3), MEDLINE (accessed

through PubMed), and EMBASE (accessed through Ovid).

Selection criteria

Randomised controlled trials comparing surgery alone (or in combination with other therapy) with non-surgical therapy and randomised

trials comparing different surgical approaches.

Data collection and analysis

A pooled hazard ratio was calculated where possible. Tests for statistical heterogeneity were performed.
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Main results

Thirteen trials were included with a total of 2290 patients. Some of the included studies were judged as having a high risk of bias.

There were no studies with an untreated control group. In a pooled analysis of three trials, overall survival was superior in patients with

resectable stage I to IIIA NSCLC who underwent resection and complete mediastinal lymph node dissection compared with those

undergoing resection and lymph node sampling (hazard ratio 0.63, 95% CI 0.51 to 0.78, P ≤ 0.0001) and there was no statistically

significant heterogeneity. A further trial found an increased rate of local recurrence in patients with stage I NSCLC treated with

limited resection compared with lobectomy. One small trial found a survival advantage in favour of chemotherapy followed by surgery

compared to chemotherapy followed by radiotherapy in patients with stage IIIA NSCLC. However none of the other trials in the

review demonstrated a significant improvement in overall survival in patients treated with surgery compared with non surgical therapy.

Authors’ conclusions

Conclusions about the efficacy of surgery in NSCLC are limited by the volume and quality of the current evidence base, however

lung cancer resection combined with complete mediastinal lymph node dissection is associated with a modest improvement in survival

compared with lung cancer resection combined with systematic sampling of mediastinal nodes in patients with stage I to IIIA NSCLC.

Current evidence suggests that in stage IIIA N2 NSCLC, chemotherapy followed by surgery is as effective as chemotherapy followed

by radical radiotherapy, and radical concurrent chemotherapy and radiotherapy is as effective as induction chemoradiation followed by

surgery in terms of overall survival.

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

Surgery may improve survival rates for non-small cell lung cancer limited to the lung and surrounding affected glands

Surgical resection is currently considered to be the best treatment for some types of lung cancer limited to the lung and surrounding

glands with tumour cells (lymph nodes). There is no compelling evidence to show that lung cancer surgery improves survival compared

with other types of therapy such as radiotherapy or chemotherapy. Surgery is often performed in combination with removal of lymph

nodes draining the lung with the tumour. There is some evidence that complete removal of all lymph nodes may improve survival

compared with only removing a limited number of nodes. Individuals with small cancers localised to the lung appear to have an

increased risk of local recurrence if treated with a limited resection rather than a more extensive resection of the involved lung. More

research is needed to better understand the types of patients that might benefit most from surgery.

B A C K G R O U N D

Lung cancer is one of the leading causes of cancer deaths and

its five-year survival is 15% in the United States (Gloeckler Ries

2003). However most individuals with lung cancer present with

symptoms only once the cancer has become locally advanced or

spread to distant sites. Observational studies show improved sur-

vival in individuals with earlier stage disease who undergo resec-

tion and this (usually lobectomy) is considered the treatment of

choice for individuals with stage I and II non-small cell lung can-

cer (NSCLC) (Detterbeck 2001; Jones 2001; Scott 2007). Most

surgical series have shown five-year survival in those with localised

(stage I) non-small cell lung cancer (NSCLC) to be from 55 %

to 72% (Nesbitt 1995; Thomas 2002) with even more favourable

results reported for individuals with small (< 3 cm) localised can-

cers (stage IA) (Nesbitt 1995; Reif 2000; Ost 2008). For individ-

uals with stage II NSCLC surgical series report five-year survival

rates of 29% to 51% with more favourable results for individuals

with small (< 3 cm) primary lesions in some series (Nesbitt 1995;

Martini 1992). By contrast the five-year survival of individuals

with stage I lung cancer not treated surgically is reported to be from

4% to 14% (Flehinger 1992; Sobue 1992; Rowell 2001). Current

guidelines suggest the role of surgery is more limited in stage IIIA

NSCLC (Robinson 2007). In some patients, occult microscopic

tumour involvement of nodes in the mediastinum is detected at

the time of surgery and for these patients adjuvant chemotherapy

is recommended (Robinson 2007). In individuals with prospec-

tively identified stage IIIA NSCLC multi-modality treatment is

recommended, preferably with concurrent chemotherapy and ra-

diotherapy (Robinson 2007). However recent guidelines also ac-

knowledge that the evidence is not compelling and the recommen-
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dations might change as the results of future and ongoing trials be-

come available (Robinson 2007; Rowell 2004). In particular there

might be a role for surgery as part of a multi-modality approach

in some subsets of patients with stage IIIA NSCLC, for example

those with low volume or microscopic N2 mediastinal disease that

is technically resectable (Farray 2005).

Lederle and Niewoehner have argued that the negative results of

previous lung cancer screening trials have provided indirect evi-

dence against a benefit from surgery and they highlight that much

of the data supporting surgery is observational (Lederle 1994).

Although there have been several reviews examining the evidence

in relation to surgery for NSCLC, to our knowledge, there have

been no prior systematic reviews of randomised controlled trials

(Detterbeck 2001; Lederle 1994; Reif 2000; Smythe 2003; Scott

2007).

This is an update of the review published in 2005. The purpose of

this review was to determine the effectiveness of surgery for early

stage NSCLC. In endeavouring to address this we have considered

randomised controlled trials comparing surgical resection for early

stage lung cancer with no intervention, radiotherapy or chemo-

therapy. In addition we have considered trials comparing different

surgical approaches, for example, lobectomy or pneumonectomy

with systematic mediastinal nodal dissection versus lobectomy or

pneumonectomy with mediastinal lymph node sampling. These

trials might provide further indirect evidence about the overall ef-

ficacy of surgery. The aim of this review was not to address the effi-

cacy of neo-adjuvant or adjuvant therapy, therefore trials compar-

ing surgery alone with surgery plus chemotherapy or radiotherapy

have not been included in this review.

O B J E C T I V E S

To determine whether, in patients with early stage non-small cell

lung cancer, surgical resection of cancer improves five-year disease-

specific and all-cause mortality compared with no treatment, ra-

diotherapy or chemotherapy.

To compare the effectiveness of different surgical approaches (e.g.

lobectomy versus limited resection) in improving five-year disease

specific or all-cause mortality in patients with early stage lung

cancer.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered randomised controlled trials (RCT).

Types of participants

(1) individuals with pathologically (histopathology) confirmed

non-small cell lung cancer;

(2) individuals with stage I to IIIA lung cancer at the time of

trial entry (on clinical examination or diagnostic imaging or other

diagnostic/staging procedures).

Types of interventions

The main intervention was surgical resection of lung cancer in-

cluding lobectomy, sleeve resection, pneumonectomy, segmentec-

tomy or wedge resection (with or without mediastinal node dissec-

tion) alone or in combination with other therapy. We considered

the following comparison groups: no treatment, sham surgery, ra-

diotherapy or chemotherapy alone or in combination. We also

considered studies comparing different types of surgery, for exam-

ple lobectomy compared to limited resection.

We recorded whether surgical resection was complete or not for

each study (where reported). The following definitions were ap-

plied:

Complete surgical resection (R0): bronchial and pleural resec-

tion margins are clear (microscopically) and if hilar or mediasti-

nal lymph nodes are positive then the anatomically highest lymph

node above the positive node should be clear of microscopic dis-

ease.

Residual microscopic disease (R1): microscopic disease present

in the bronchial or pleural resection margins or at the highest

anatomical lymph node station resected.

Residual macroscopic disease (R2): macroscopically incomplete

resection at either the bronchial or pleural resection margin or the

highest anatomical lymph node station.

We excluded trials comparing surgery alone with surgery plus che-

motherapy or radiotherapy.

Types of outcome measures

Primary outcomes

Primary outcome measures were:

(1) overall survival;

(2) survival (all causes) at two, three, four of five years;

(3) lung cancer specific survival at two, three, four of five years.

Secondary outcomes

Secondary outcome measures considered (where reported) were:

(1) 30-day mortality

(2) treatment-related deaths;

(3) progression-free survival;
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(4) 5-year disease-free survival;

(5) loco-regional recurrence rates at two, three, four or five years;

(6) respiratoy function, including forced expiratory volume in one

second (FEV1), forced vital capacity (FVC), and maximum vol-

untary ventilation (MVV) at one and two years.

We also considered quality of life and performance status but none

of the trials included in the review reported on these outcomes.

Adverse effects, such as chemotherapy or radiotherapy-related tox-

icity and postoperative morbidity and 30-day mortality were also

recorded. Toxic events, where recorded, were classified according

to the World Health Organization (WHO) scale and only grades

three and four were considered.

The number and causes of withdrawals and drop outs were ex-

tracted from the trials and described.

Trials with less than two years of patient follow up post-treatment

were excluded from the review.

Search methods for identification of studies

We ran a search in October 2009 to update the original com-

pleted review. We searched Cochrane Central Register of Con-

trolled Trials (CENTRAL) (accessed through The Cochrane Li-
brary, 2009, Issue 3), MEDLINE (accessed through PubMed),

and EMBASE (accessed through Ovid). We also searched the

Cochrane Lung Cancer Specialised Register. We slightly modified

the original search strategies as shown in Appendix 1. In the same

appendix we include the search methods published in the previous

version of the review and the original searches.We also searched

for additional citations of the relevant papers.

Data collection and analysis

Selection of studies

Two independent authors (RM & DH in the for the original re-

view and RM & ZW for the 2010 update) searched the titles and

abstracts obtained from the initial computerised search for poten-

tially relevant trials for full review. Initially studies were categorised

into the following groups:

(1) include: RCT meeting the described inclusion criteria and

those where it was impossible to tell from the abstract, title, MeSH

headings or key words;

(2) exclude: non RCT or RCT examining interventions not rele-

vant to the review.

The full texts of those studies in category one were then examined

independently by two authors (GW and RM for the original review

and RM and ZW for the 2009 update) to determine whether they

met the study inclusion criteria. Disagreements were resolved by

consensus.

Data extraction and management

Data was extracted by one of the authors (RM) and entered in

the Cochrane Collaboration software (Review Manager Version

5.0). Authors of included studies were asked to confirm the data

extracted where possible. Data extracted from graphs was also ex-

tracted by a second author for the main study outcomes (GW).

Different staging criteria have been used to stage individuals

between different studies because staging criteria have been re-

vised in the last few decades (Mountain 1986; Mountain 1997).

Where stated in the primary studies, the staging criteria used were

recorded in the review. In addition the number and type of inves-

tigations conducted for staging differs between studies. For each

study included in the review we recorded, where possible, the

number and type of investigations used for staging. The Certainty

Factor was used to classify the method of staging used (Sobin

1997). This classification is used to reflect the validity of the TNM

classification reported. We used the following C-factor definitions

(Sobin 1997):

C1: evidence from standard diagnostic means (e.g. inspection,

palpation and standard radiography).

C2: evidence obtained by special diagnostic means (e.g. comput-

erised tomography, magnetic resonance imaging (MRI), positron

emission tomography (PET), endoscopy, biopsy and cytology).

C3: evidence from surgical exploration, including biopsy and cy-

tology (e.g. mediastinoscopy).

C4: evidence of the extent of disease following definitive surgery

and pathological examination of the resected specimen.

We reported the performance status of individuals in primary stud-

ies where mentioned.

Assessment of risk of bias in included studies

Two independent authors (RM and ST) assessed the risk of bias of

included studies according to the Cochrane Handbook (Higgins

2008). We examined the adequacy of the methods used to gener-

ate the allocation sequence, the concealment of allocation, and the

level of blinding (clinician, participants, and outcome assessors).

We also evaluated the risk associated with dropouts, as estimated

by the percentage of participants lost. We used the following def-

initions:

Generation of the allocation sequence

• Adequate, if the allocation sequence was generated by a com-

puter or random number table. Drawing of lots, tossing of a coin,

shuffling of cards, or throwing dice were considered as adequate

if a person who was not otherwise involved in the recruitment of

participants performed the procedure.

• Unclear, if the trial was described as randomised, but the method

used for the allocation sequence generation was not described.

• Inadequate, if a system involving dates, names, or admittance

numbers was used for the allocation of patients.

Allocation concealment
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• Adequate, if the allocation of patients involved a central indepen-

dent unit, on-site locked computer, identically appearing num-

bered drug bottles or containers

prepared by an independent pharmacist or investigator, or sealed

envelopes.

• Unclear, if the trial was described as randomised, but the method

used to conceal the allocation was not described.

• Inadequate, if the allocation sequence was known to the inves-

tigators who assigned participants or if the study was quasi-ran-

domised.

Blinding (or masking). Blinding of outcome assessors was assessed

for all main outcomes together and was characterised as:

• Adequate, if the outcome assessors of the trial were blinded to

the intervention.

• Unclear, if there was no information on blinding.

• Not performed, if the outcome assessors were not blinded to the

intervention.

Incomplete outcome data

• Adequate, if the numbers and reasons for drop-outs and with-

drawals in all intervention groups were described and were com-

parable between groups.

• Unclear, if the report gave the impression that there had been no

drop-outs or withdrawals, but it was unclear whether the analysis

included missing data in an adequate manner

• Inadequate, if the number or reasons for drop-outs and with-

drawals was either unbalanced between groups, differ in reason or

was high enough to alter the effect of the intervention. To judge

the latter, we compared the proportion of dropouts to the event

rate.

Measures of treatment effect

Treatment effect was measured with hazard ratios (HR) for time-

to-event variables, risk ratios (RR) for dichotomous variables and

mean differences for continuous variables. To extract time-to-

event data from the included trials, we applied the methods de-

scribed by Parmar (Parmar 1998) implemented in a public avail-

able Excel spreadsheet (Tierney 2007).

Dealing with missing data

Where possible the statistical analysis was conducted in accordance

with the intention to treat principle, i.e. where possible, patients

were analysed in the groups to which they were randomised to, re-

gardless of whether they received the treatment they were assigned

or whether they were observed until the completion of the follow-

up period.

Assessment of heterogeneity

Homogeneity of effect sizes among studies being pooled was as-

sessed with the I2 statistic. Meta-analysis was conducted only if the

data was sufficiently homogeneous both clinically and statistically

(I2 < 60%).

Data synthesis

For time-to-event outcomes (overall survival and progression-

free survival), pooled hazard ratios were computed with an in-

verse-variance method under a fixed-effects model (Parmar 1998;

Whitehead 1991). A fixed-effects metanalysis was conducted since

the inter-study variance was less than would be expected under

the fixed-effects assumption (Whitehead 1991).

Dichotomous and continuous outcomes were pooled using the

Mantel-Haenzsel method under a random-effects model. Pooled

effect measures were calculated with 95% confidence intervals. All

statistical analyses were done with Review Manager software.

Sensitivity analysis

In the case of meta-analysis, sensitivity analyses were planned on

the basis of trial quality and the methods of meta-analysis but

because of the small number of studies available for meta-analysis

these were not performed.

R E S U L T S

Description of studies

See: Characteristics of included studies; Characteristics of excluded

studies; Characteristics of ongoing studies.

In the original review there were 1181 citations identified by the

MEDLINE search, 70 citations identified by the search of the

Cochrane Central Register of Controlled Trials and approximately

430 citations identified by the EMBASE search. After review of

abstracts selected from the search of electronic databases, bibli-

ographies and handsearches, 27 studies were selected for full text

review. Eleven trials (some with multiple citations) were selected

for inclusion in the review (Albain 2003; Izbicki 1998; Ginsberg

1995; Johnstone 2002; Morrison 1963; NCI 1975; Shepherd

1998; Stathopoulos 1996; Sugi 1998; Sugi 2000; Wu 2002). The

two authors (RM & GW) agreed on the studies to be included

in all but one study (Kappa = 0.93). One ongoing trial was also

identified but results are not available as yet (ACOSOG Z0030).

There were no additional studies identified by contacting authors

of primary studies or experts in the field.

When the search was updated in 2009 there were a further 1048

abstracts identified and searched independently by two authors

(RM and ZW), seven citations were selected for full text review

and two additional trials (Stephens 2005; van Meerbeeck 2007)

were included in the review. In addition a further article identified

provided more up to date results for one of the trials included
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in the original review (Albain 2003). The four other citations

selected for review were duplicate publications or reports of the

trials selected for inclusion. The trials have been grouped into the

following categories:

Surgery alone compared with radiotherapy alone for local and

loco-regional stage (I to III) NSCLC

In one early study, individuals with lung cancer (including squa-

mous cell carcinoma, adenocarcinoma and ’oat cell’ (or small cell)

and anaplastic carcinoma) without clinical evidence of spread of

the tumour outside the chest and without evidence of gross me-

diastinal involvement either clinically or radiologically, were ran-

domised to surgical resection (pneumonectomy or lobectomy) or

to radiotherapy (Morrison 1963).

Radiotherapy was given by an 8-million-volt linear accelerator. It

was planned to give a mean dose of 45 Gy to the tumour with

daily fractionated treatments over a period of four weeks. The

tumour and 2 cm of normal surrounding lung and the hilar and

mediastinal areas were included in the fields. All patients tolerated

the full prescribed treatment.

The surgical group underwent radical resection of the tumour

and associated hilar and mediastinal lymph nodes. If complete

resection was not possible at the time of thoracotomy, palliative

resections were not performed. Thirty per cent of individuals in

the surgical group and 36% in the radiotherapy group had some

evidence of mediastinal involvement at the original examination.

Sixty-seven percent of patients in the surgical group and 61% in the

radiotherapy group had squamous cell carcinoma. Nine patients

(32%) in the radiotherapy group and 10 (33%) in the surgical

group had ’oat cell’ or anaplastic carcinoma.

Chemotherapy plus surgery compared with radiotherapy

alone in stage IIIA NSCLC

There was one study in which chemotherapy and surgery was com-

pared with radiotherapy in the treatment of individuals with stage

IIIA NSCLC with biopsy proven mediastinal node involvement

(Shepherd 1998). Individuals were eligible for the trial if they were

able to tolerate the planned surgery and had a predicted postoper-

ative FEV1 of more than 0.8 L and an ECOG performance status

of two or less.

In the chemotherapy/surgery group, chemotherapy consisted of

cisplatin (120 mg /m2) on days 1 and 29 and vinblastine (6 mg/

m2) on days 1,15,22, 29 and 43. Patients proceeded to surgery

between days 51 and 64 if they had stable disease or a partial or

complete response. Resection with radical lymph node dissection

were performed. Those who had a complete resection received the

same chemotherapy commencing six weeks postoperatively.

In the radiotherapy arm a total dose of 60 Gy was planned to be

given as 2 Gy daily five days a week. The trial was terminated

prematurely after other trials had shown that chemoradiotherapy

was superior to radiotherapy alone in the management of patients

with stage IIIA and it was no longer considered appropriate to

have a radiotherapy alone control arm.

Another study was included in this category in the 2010 update

(Stephens 2005). Patients were eligible if they had microscopically

confirmed NSCLC stage T3, N1, M0 or T1-3, N2, M0 disease,

considered by the local thoracic surgeon to be unresectable but to

have the potential to become resectable following chemotherapy.

Radiotherapy patients received thoracic radiotherapy according to

the site and extent of tumour and local practice and following

the recommendations of the 1994 Department of Health Stand-

ing Medical Advisory Committee (Standing Medical Advisory

Committee 1994), which stated that patients should receive 50-

60 Gy to their tumour over a period of 3-6 weeks.

Patients in the chemotherapy/surgery group received four cycles

of chemotherapy (either a combination of mitomycin, vinblastine

and cisplatin or a combination of mitomycin, ifosfamide, with

mesna, and cisplatin) at 3-week intervals. Surgical resection, if

considered feasible, was carried out between four and six weeks

after the final cycle of chemotherapy. The surgical technique was

decided by the local surgeon according to the site and extent of

the tumour and local practice.

Although it had been estimated that 350 patients could be re-

cruited in 3 years, only 48 from 12 centres were recruited. Some

changes to the protocol were suggested but there was no common

agreement about those and the Data and Monitoring and Ethics

Committee recommended closing the trial in 1999.

Surgery versus no surgery in patients with initially inoperable

loco-regional cancer treated with radiotherapy

In one early collaborative trial, 425 individuals with lung cancer

who were initially considered to be inoperable because of regional

spread were given a course of radiotherapy (40 Gy over 4 weeks to

primary tumour and mediastinum) (NCI 1975). After radiother-

apy there were 152 individuals with cancer who were subsequently

considered resectable and these individuals were randomised to

either surgical resection or no surgery. Patients were initially clas-

sified as inoperable if they had 1) mediastinal, supraclavicular, or

scalene lymph node involvement, 2) chest wall invasion, or 3) en-

croachment of tumour upon the carina. The exact proportion in

each category was not described in the trial report . Histological

or cytological diagnosis of lung cancer was confirmed after cen-

tral pathological review. Twenty-two percent of participants in the

surgery group and 27% in the no surgery group had ’oat cell’ lung

cancer.

Chemotherapy followed by surgery versus chemotherapy fol-

lowed by radiotherapy in stage IIIA NSCLC

There were two studies in this category (Johnstone 2002;

Stathopoulos 1996). A further trial was added at that time of the

2010 update (van Meerbeeck 2007).

In one small study chemotherapy followed by surgery was com-

pared with chemotherapy followed by radiotherapy in patients

with stage IIIA NSCLC (Stathopoulos 1996). Participants over age

75 or with active cardiac disease were excluded. The participants

included in this study appear to have been classified as inoperable

prior to inclusion in the study but the criteria used to make this

assessment and the TNM status of participants was not described.
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Fifty percent of participants were staged at thoracotomy and the

remainder were staged by bronchoscopy, computed tomography

of the chest, abdomen and brain and bone scan.

The intervention group were assigned to four cycles of chemo-

therapy followed by surgical resection and the control group were

assigned to six cycles of chemotherapy followed by radiotherapy.

Chemotherapy consisted of cisplatinum (90 mg/m2), vindesine

(3 mg/m2) and epirubicin (40 mg/m2), administered once every

three weeks. Radiotherapy consisted of 50 Gy in the primary site

of the tumour and in the mediastinum. The radiation applied was

by parallel opposed fields encompassing the primary lesion with a

2 cm margin of normal appearing lung when possible. Treatment

volume was defined using computerised tomography. The daily

treatment fraction was 2 Gy. Participants in the surgical group

underwent either lobectomy or pneumonectomy but it was not

described whether this was accompanied by mediastinal lymph

node dissection or sampling. According to one of the investigators

the trial was terminated on the basis of a preliminary analysis.

In the Radiation Oncology Group (RTOG) trial 89-01, chemo-

therapy and radiotherapy was compared with preoperative che-

motherapy and surgical resection in patients with stage IIIA (T1-

T3 N2 M0) NSCLC (Johnstone 2002). In this trial all patients

were required to have histological documentation of N2 disease.

Initially participants were randomised prior to induction chemo-

therapy, but the protocol was later modified to randomise partic-

ipants after induction chemotherapy.

Chemotherapy consisted of cisplatin 120 mg/m2 on days 1 and 29,

vinblastine 4.5 mg/m2 on days 1, 15, 29, and 43, and mitomycin-

C 8 mg/m2 on days 1 and 29. Mitomycin-C was removed from

the induction chemotherapy regimen after randomisation of the

first 16 participants. Participants were randomised to surgery on

day 71 followed by cisplatin on days 99 and 127 and vinblastine

on days 99, 113, 127, and 141 or to radiotherapy commencing

on day 71 and given to 64 Gy in 2.0 Gy fractions, followed by

cisplatin on days 141 and 169 and vinblastine on days 141, 155,

169, and 183. The trial was terminated prematurely because phase

II trials had demonstrated the feasibility of preoperative concur-

rent chemoradiation in this group of patients and the study was

superseded by the North American Intergroup trial 0139 (RTOG

93-09).

In the 2010 update one additional study was identified. The study

was conducted on behalf of the European Organisation for Re-

search and Treatment of Cancer-Lung Cancer Group (EORTC-

LCG) (van Meerbeeck 2007). The EORTC-LCG trial compared

induction chemotherapy followed by surgery with induction che-

motherapy followed by definitive radiotherapy. Only patients

showing a complete, partial or minor response to induction che-

motherapy were eligible for random assignment to either surgery

or radiotherapy. Patients included in the study had histologic or cy-

tologic proven N2 disease that was considered to be unresectable.

Eighty seven percent of patients received three cycles of chemo-

therapy, consisting of a platinum, either cisplatin at a dosage of at

least 80mg/m2 or carboplatin on target AUC of at least 5, com-

bined with at least one additional chemotherapeutic agent includ-

ing gemcitabine in 40% of patients and taxane in 21% of patients.

Further details of dosing or additional chemotherapeutic agents

were not described in the publication of the trial. Randomisation

occurred after completion of induction chemotherapy, as only pa-

tients demonstrating a degree of response to chemotherapy were

included. Radiotherapy was commenced no later than ten weeks

after completion of chemotherapy. Treatment dose consisted of

60-62.6 Gy to the primary tumour and involved mediastinum

and 40-46 Gy to uninvolved mediastinum with a fraction size of

1.95-2.05 and number of fractions of 30-32 and a total treatment

duration of 40-46 days. Surgery included lobectomy and pneu-

monectomy and was considered complete based on pathological

report of both the surgical margins and the highest mediastinal

lymph node being free of tumour. Patients underwent follow up

visits every three months for two years and six months thereafter.

Concurrent chemotherapy and full course radiotherapy ver-

sus induction chemotherapy and radiotherapy followed by

surgery

One trial was included in this category (Albain 2003). The RTOG

93-09 (North American Intergroup trial 0139) compared con-

current chemotherapy and full course radiotherapy with concur-

rent chemotherapy/radiotherapy induction followed by surgical

resection in individuals with stage IIIA NSCLC. Participants with

technically resectable (at randomisation) T1-3, cyto-histologically

proven N2, M0 tumours were included. If CT scan showed con-

tralateral nodes of greater than 1 cm then biopsy was needed to ex-

clude N3 disease. For participation patients were required to have

a predicted post resection forced expiratory volume in 1s (FEV1)

of at least 800 cm2 on quantitative perfusion scan if FEV1 overall

was less than 2000 cm2. The Karnofsky performance status was

90 or 100; or, if 70 or 80, the albumin was at least 85% of the

normal value, with less than 10% weight loss with in the previous

3 months.

All patients had induction therapy with cisplatin 50 mg/m2 on

days 1,8, 29 and 36, and etoposide 50 mg/m2 on days 1 to 5 and

29-33 and daily radiotherapy to 45 Gy starting day 1 in 1.8 Gy

fractions. The intervention group then underwent resection (with

mediastinal lymph node sampling or dissection) 3- 5 weeks after

completion of radiotherapy if there had been no disease progres-

sion. The control group received uninterrupted radiotherapy to

61 Gy if they had not progressed after initial induction treatment.

Both groups received two cycles of consolidative chemotherapy

(same doses and schedule as during induction).

Limited resection (wedge excision or segmentectomy) versus

lobectomy for stage IA peripheral NSCLC

There was one study which compared limited resection with lobec-

tomy in individuals with stage I NSCLC (Ginsberg 1995). In

this study individuals with T1 N0 peripheral tumours that were

suspected or proven to be lung cancer were randomised to either

limited resection (thoracotomy with wedge resection or segmen-
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tectomy) or thoracotomy with lobectomy. All patients were able

to tolerate a lobectomy as assessed by cardiopulmonary function

(details were not provided, but 93% of participants in both groups

had a preoperative FEV1 of 50% or greater). Preoperative stag-

ing was clinical, including examination findings and biochemistry

and chest x-ray but computed tomography was performed only

as indicated. The study was performed at multiple institutions in

North America.

The technique of segmental resection required isolation, division,

and suture of the appropriate segmental bronchus, artery, and vein

and up to two adjacent segments could be removed as part of

a limited resection. Large wedge resections were also performed

when appropriate in the limited resection group and in this case

at least 2 cm of normal lung tissue was required to be resected

beyond the tumour. In both segmental resection and wedge exci-

sion, surgeons were allowed latitude in surgical technique for divi-

sion of pulmonary tissue. At the time of thoracotomy, but before

randomisation, it was required that the pathology was confirmed

by frozen section, if not done prior to surgery, and that disease

was confirmed to be N0 by sampling the relevant lymph nodes

and submitting for frozen section analysis. The appropriateness of

limited resection was also assessed at this time.

Eligible participants were then randomised intraoperatively. After

completion of the resection the surgeon was required to confirm

that clinically the tumour had been completely resected and all

required lymph node stations had been sampled and, by frozen

section analysis, confirmed to be negative for metastatic disease.

If the resection was incomplete or the tumour was found to be

greater than T1 or N0, the protocol specified that the surgeon

complete the lobectomy. There were 771 participants registered

for the study and 276 were entered into the study at the time of

surgery. There were 29 patients excluded after randomisation and

247 considered eligible for the analysis. Recurrence rates, cancer

related deaths and all cause mortality were examined at follow up.

In addition, pulmonary function testing was performed preopera-

tively and postoperatively at 6 and 12 to 18 months (FEV1, FVC,

MMEFR (maximum mid-expiratory flow rate), MVV). However

only 60% and 66% underwent pulmonary function testing at 6

months and 12-18 months respectively.

Video-assisted thoracoscopic lobectomy versus conventional

lobectomy for stage I NSCLC

In one study video-assisted thoracoscopic lobectomy was com-

pared with conventional lobectomy in individuals with stage IA

NSCLC (Sugi 2000). In this study 100 consecutive patients with

clinical stage IA NSCLC were randomised to either open thora-

cotomy with conventional lobectomy or video-assisted thoraco-

scopic (VATS) lobectomy. Participants were staged with bone scan

and computed tomography (CT) of the abdomen, in addition to

CT of the chest and the head preoperatively. Mediastinoscopy was

not performed preoperatively. Individuals with mediastinal lymph

nodes of more than 10 mm in maximal diameter on CT were not

included in the study.

In the open group, participants underwent a posterolateral tho-

racotomy via the fifth intercostal space and lobectomy was per-

formed with complete mediastinal lymph node dissection. Par-

ticipants in the VATS group underwent lobectomy through an 8

cm-access axillary incision through the fourth or fifth intercostal

space, with two or three ports for the application of thoracoscopic

instruments. The authors stated that hilar and mediastinal lymph

node dissections were performed in a manner similar to that used

in the open group. Intraoperatively 11 % of participants had more

advanced disease than stage I (13% in the open group and 8% in

the VATS group) and two patients in the VATS group had small

cell cancer but none of these were excluded from the analysis. Dis-

tal and local recurrence rates and overall survival were described

in the report.

Complete mediastinal lymph node dissection versus mediasti-

nal lymph node systematic sampling in patients with resectable

NSCLC

There were three studies that compared complete mediastinal

lymph node dissection with conventional mediastinal lymph node

sampling in patients with resectable NSCLC (Izbicki 1998; Sugi

1998; Wu 2002). For this review the terminology recommended

by Keller has been used, that is systematic sampling (SS) refers to

the routine biopsy of lymph nodes at the levels specified by the au-

thors and complete mediastinal lymph node dissection (CMLND)

refers to the routine removal (at the levels specified by the authors)

of all ipsilateral lymph node containing tissue (Keller 2002).

Sugi et al reported a study in which participants with periph-

eral NSCLC less than two cm in diameter and without clinical

or radiological evidence of intrapulmonary, hilar, mediastinal or

metastatic disease were randomised to thoracotomy and lobec-

tomy (or bi-lobectomy) with CMLND or thoracotomy and lobec-

tomy (or bi-lobectomy) and mediastinal SS (Sugi 1998). Partici-

pants with hilar or mediastinal lymph nodes of greater than one

cm on CT examination were excluded and mediastinoscopy was

not performed preoperatively. In the mediastinal SS group, inter-

lobar, peribronchial, and hilar nodes representing nodes 10, 11,

and 12 (as defined in the map by the American Thoracic Society)

were dissected (Martini 1983). Mediastinotomy was performed

by longitudinal incision of the mediastinal pleura, and the nodes

of regions 2 to 9 were explored and nodes suspected of harbour-

ing cancer were removed and sent for histopathological analysis.

The nodes of regions 4,5, and 7 were removed routinely from all

patients. In the CMLND group radical en bloc mediastinal lym-

phadenectomy was performed as described by Naruke et al and

Martini & Flehinger (Martini 1987; Naruke 1976). In the group

undergoing CMLND, 7% were found to have N1 disease and

12% N2 disease after pathological staging. In the mediastinal SS

group, 5% were found to have N1 disease and 14% N2 disease

after pathological staging (Sugi 1998). One tumour in each group

was found to be a small cell carcinoma after resection and patho-

logical evaluation and four participants in the CMLND group and
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three in the SS group were found to have secondary lung cancer

from other sites rather than primary lung cancer. Patients with

involvement of any N2 nodes received 50 Gy of radiation to the

entire mediastinum postoperatively.

In another study, Izbicki and co-workers compared CMLND with

conventional SS (Izbicki 1998). In this study individuals with cu-

ratively resectable NSCLC were randomised at thoracotomy. Pre-

operative staging consisted of chest radiography, bronchoscopy,

computed tomography scan of the thorax and abdomen, abdom-

inal ultrasound and bone scan. Mediastinoscopy was performed

only in individuals with enlarged mediastinal lymph nodes (> 1

cm in short-axis diameter). Individuals with distant metastasis,

N3 disease or extensive N2 disease were excluded. Resection of

the primary lung tumour via anterolateral thoracotomy (fourth

intercostal space) was similar in both groups consisting of classic

lobectomy, pneumonectomy and in some cases with bronchoplas-

tic procedures or sleeve resection. Extended resections were per-

formed for some tumours. In the SS group resection was accompa-

nied by regional lymphadenectomy of interlobular, peribronchial,

and hilar nodes representing nodes 10, 11, and 12 according to the

American Thoracic Society lymph node mapping (Martini 1983).

Mediastinotomy was performed and exploration of nodes of sta-

tions 2 to 9 performed. Nodes suspicious for cancer were removed

and sent for histopathological analysis. Nodes of stations 4,5, and

7 were routinely removed in all patients. In the group assigned to

CMLND en bloc mediastinal lymphadenectomy was performed

as described by Naruke et al and Martini and Flehinger (Martini

1987; Naruke 1976). Adjuvant radiotherapy was administered for

patients with pathological stage T3 or T4 tumour (stage IIIA or

IIIB) to the tumour bed and patients with involvement of N2

nodes on histopathology received radiation to the mediastinum.

In a further study comparing CMLND to conventional mediasti-

nal SS, individuals with resectable clinical stage I to IIIA NSCLC

who were 70 years of age or less were enrolled (Wu 2002). Pre-

operatively individuals were staged with bronchoscopy, chest ra-

diography, CT scan of the thorax, and abdominal ultrasound.

Operated patients were re-staged according to pathological find-

ings and patients meeting the eligibility criteria were followed up.

In both groups surgical resection, including lobectomy or pneu-

monectomy or resection combined with bronchoplastic proce-

dures or sleeve resection was performed via posterolateral thora-

cotomy in the fifth intercostal space. In some cases extended re-

sections were performed for T3 disease. In the group assigned to

CMLND, nodal dissection was performed as described by Naruke

et al (Naruke 1976). In the group assigned to conventional SS, hilar

lymph node dissection was undertaken and mediastinotomy was

performed and nodes of stations 1 to 9 were explored. Nodes with

suspected metastases (larger than one cm in diameter or hard) were

excised and submitted for histopathological examination. Nodes

of station 7 were removed routinely in all patients. In this study

there was no statement about whether or not participants received

any adjuvant therapy, but one of the investigators on this study

informed us that individuals with stage III disease were referred

for adjuvant radiotherapy but compliance was about 30% in both

groups.

Risk of bias in included studies

Risk of bias in included studies is described below and in the risk

of bias tables. See also Figure 1 and Figure 2.

Figure 1. Methodological quality graph: review authors’ judgements about each methodological quality

item presented as percentages across all included studies.
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Figure 2. Methodological quality summary: review authors’ judgements about each methodological quality

item for each included study.
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Randomisation

In the only trial included in the Surgery alone compared with

radiotherapy alone for local and loco-regional stage (I to III)

NSCLC group (Morrison 1963) allocation concealment and the

method used to generate the randomisation sequence were ade-

quate. In the studies of the Chemotherapy plus surgery compared

with radiotherapy alone in stage IIIA NSCLC category, alloca-

tion was concealed in both of them and the sequence properly

generated (Shepherd 1998; Stephens 2005). Allocation conceal-

ment was considered adequate and sequence generation was not

described in the only trial in the category Surgery versus no surgery

in patients with initially inoperable loco-regional cancer treated

with radiotherapy (NCI 1975). In the Chemotherapy followed

by surgery versus chemotherapy followed by radiotherapy in stage

IIIA NSCLC group, one study had adequate concealment of al-

location and proper sequence generation (van Meerbeeck 2007)

and the other two had inadequate concealment and sequence gen-

eration was not described (Johnstone 2002; Stathopoulos 1996).

The only study that belongs to the Concurrent chemotherapy and

full course radiotherapy versus induction chemotherapy and ra-

diotherapy followed by surgery group (Albain 2003) had proper

concealment of allocation and sequence generation. In the follow-

ing comparison Limited resection (wedge excision or segmentec-

tomy) versus lobectomy for stage IA peripheral NSCLC the only

study included had adequate concealment of allocation and the

method to generate the randomisation sequence was not described

(Ginsberg 1995). In the following category Video-assisted tho-

racoscopic lobectomy versus conventional lobectomy for stage I

NSCLC the only study included (Sugi 2000) had inadequate con-

cealment of allocation and inadequate method to generate the ran-

domisation sequence. The studies in the last comparison Complete

mediastinal lymph node dissection versus mediastinal lymph node

systematic sampling in patients with resectable NSCLC had an

adequate concealment of allocation and proper sequence genera-

tion (Izbicki 1998; Sugi 1998; Wu 2002).

Description of withdrawals and losses to follow up

In the only study that belongs to the Surgery alone compared

with radiotherapy alone for local and loco-regional stage (I to III)

NSCLC group (Morrison 1963), there was no statement about

losses to follow up. In one of the studies (Shepherd 1998) of the

Chemotherapy plus surgery compared with radiotherapy alone in

stage IIIA NSCLC comparison there were no losses to follow up

and they were appropriately described in the other one (Stephens

2005): 1 patient was withdrawn from the study in the chemother-

apy/surgery arm, 39 out of 48 were known to have died and of the

remaining 9 survivors median follow up was 14 months (range

5 to 68 months). Regarding the comparison Surgery versus no

surgery in patients with initially inoperable loco-regional cancer

treated with radiotherapy all patients randomised were followed

until death or for at least five years in the only study included

(NCI 1975). In the Chemotherapy followed by surgery versus che-

motherapy followed by radiotherapy in stage IIIA NSCLC group

there was no clear statement about follow up in one of the studies

(Stathopoulos 1996), there were no losses to follow up in another

one (van Meerbeeck 2007) and the description of withdrawals and

follow up was not complete in another study (Johnstone 2002).

In the only study pertaining to the Concurrent chemotherapy and

full course radiotherapy versus induction chemotherapy and ra-

diotherapy followed by surgery comparison (Albain 2003), de-

scription of withdrawals and losses to follow up was not complete.

In this trial 8% of participants were excluded after randomisation

because they did not meet the inclusion criteria and these were

excluded from the analysis however the rates of ineligibility and

reasons for exclusion did not differ between the two study groups

(Albain 2003). Withdrawals and losses to follow up were very high

(18% in both groups) and probably affect the results in the study

(Ginsberg 1995) belonging to the Limited resection (wedge exci-

sion or segmentectomy) versus lobectomy for stage IA peripheral

NSCLC comparison. In the category Video-assisted thoracoscopic

lobectomy versus conventional lobectomy for stage I NSCLC the

only study included (Sugi 2000) had no losses to follow up. The

studies from the group Complete mediastinal lymph node dissec-

tion versus mediastinal lymph node systematic sampling in pa-

tients with resectable NSCLC had adequate description of with-

drawals and follow up (Izbicki 1998; Sugi 1998; Wu 2002).

Please find further information about incomplete outcome data

of the included studies in the Appendix 2.

Blinding of outcome assessment

None of the trials described any blinding of investigators who were

assessing outcomes such as cause of death or disease recurrence.

After contacting one of the authors of one study we were told

that investigators undertaking the follow up were blind to the

type of operation (Izbicki 1998). In some circumstances it would

have been technically difficult to blind investigators. For example

where the cause of death relates directly to the intervention, e.g.

postoperative death or death from radiation fibrosis.

Effects of interventions

Statistical considerations

Time-to-event analysis could be conducted with ten trials. In

three trials hazard ratios and confidence intervals were provided

in the study reports (Albain 2003; van Meerbeeck 2007;Stephens

2005). In six trials (Ginsberg 1995; Izbicki 1998; Johnstone 2002;

Stathopoulos 1996; Sugi 2000; Wu 2002), the hazard ratio and

its variance were calculated from information reported in the pri-

mary studies (number of events and logrank test p-value). In the

last trial, hazard ratios were computed extracting data from the

Kaplan-Meier curve (Sugi 1998).

It was only feasible to conduct a pooled analysis for three trials
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that were sufficiently homogeneous (those comparing mediasti-

nal lymph node sampling with mediastinal lymphadenectomy)

(Izbicki 1998; Sugi 1998; Wu 2002).

For the other trials included in the review survival at two, three,

four of five years (depending on the data reported for the primary

studies) was described by entering the number of participants sur-

viving at two, three, four of five years in Review Manager but a

pooled analysis was not conducted.

Please note that in the results graphs, n refers to the number of

outcome events and N to the number of participants. Trials se-

lected for full text review but excluded from the review are out-

lined (with reasons for exclusion) in the table of excluded trials.

Surgery alone compared with radiotherapy alone for local and

loco-regional stage (I to III) NSCLC

The results of the one small study comparing surgery with radio-

therapy are inconclusive (Morrison 1963). At four years of follow

up, seven out of 30 patients treated with surgery were still alive

compared with two out of 28 patients treated with radiotherapy

(RR = 3.27, 95% CI 0.74 to 14.42, P = 0.12). However one-

year survival was worse in the surgical group compared with the

radiotherapy group (43% versus 64%). In a subgroup analysis of

patients with squamous cell carcinoma there were one out of 17

(6%) patients in the radiotherapy group and six out of 20 (30%)

patients in the surgery group still alive at four years (RR = 5.10,

95% CI 0.68 to 38.29, P = 0.11). In the paper this difference was

reported to be significant at the 5% level but the exact P value and

method of analysis were not described. In the surgical group there

were three patients who died within two months of the operation

from complications related to surgery. There was no comment

about whether resection was complete in those assigned to surgery

who underwent resection. There were two patients who died from

treatment related complications in the radiotherapy group (one at

14 months following haemorrhage at the time of dilatation of an

oesophageal stricture and one at 57 months from radiation fibro-

sis).

Chemotherapy plus surgery compared with radiotherapy

alone in stage IIIA NSCLC

The results of the one small study comparing chemotherapy and

surgery with radiotherapy alone in stage IIIA NSCLC are incon-

clusive because of early closure of the study (Shepherd 1998).

Thirteen of the 16 patients randomised to the chemotherapy and

surgery arm underwent thoracotomy and 10 had complete resec-

tions. A definition for complete resection was not described in

the study report. Three patients did not proceed to surgery, one

due to progressive disease and two due to toxicity related to che-

motherapy. Only eight patients had postoperative chemotherapy.

In the radiotherapy arm of the study the response rate to radio-

therapy was 53% (five partial and three complete responses), only

one patient discontinued treatment early because of progressive

disease. Survival at two years was 44% in the surgical group and

40% in the radiotherapy group (RR 1.09, CI 0.48 to 2.51). It

was reported that grade three and four haematological toxicity and

nausea and vomiting was limited to patients who had chemother-

apy (exact proportion not described). There were three patients

who had febrile neutropenia but no deaths related to chemother-

apy. One patient had grade three radiation pneumonitis but none

had grade three or four oesophagitis. Two patients had prolonged

ventilation postoperatively and one prolonged air leak, infection

and atelectasis. There were no perioperative deaths described in

the report.

Another trial was also closed with a small number of patients

(Stephens 2005). Twenty four participants were randomised to

the chemotherapy/surgery arm of this study, 1 was withdrawn, 21

patients received all 4 cycles of chemotherapy and 2 received 3 cy-

cles, however only 4 were treated surgically (2 pneumonectomies,

1 lobectomy and 1 sleeve resection). Three further patients had

thoracotomies without resection and the remaining 16 had pro-

gressive disease post chemotherapy. Of the 19 patients that did

not have resection 13 received radiotherapy. Twenty of the 24 pa-

tients randomised to radiotherapy received radiotherapy, the com-

monest schedules were 50Gy/20f, 50 Gy/15f, 40Gy/20f, 37Gy/

26f and 28 Gy/8f. Four patients in the radiotherapy arm did not

receive treatment (one patient refused treatment, one was consid-

ered unsuitable for radiotherapy, the diagnosis for one patient was

changed to SCLC and for the remaining patient the reason is not

known). Of the 48 patients, 39 were known to have died (19 in the

radiotherapy arm and 20 in the chemotherapy/surgery arm). The

median follow-up for the nine survivors was 14 months (range 5-

68 months). The cause of death was lung cancer in 35 patients (19

in the radiotherapy arm/16 in the chemotherapy/surgery arm).

Overall survival was similar in the two groups (HR 0.91, 95%

CI 0.49 to 1.72, P = 0.78). Median survival was 11.2 and 13.8

months, 1-year survival 43% and 54%, and 2-year survival 16%

and 15% for the radiotherapy and chemotherapy/surgery groups,

respectively. The authors reported no statistically significant dif-

ferences in quality of life (SF-36 questionnaires) between the 2

groups but qualitative data was provided in the study report only.

There were 2 perioperative deaths, both in patients who under-

went pneumonectomy.

These two studies were not meta-analysed but their results (RR

and HR) are shown on a single graph (Analysis 2.1)

Surgery versus no surgery in patients with initially inoperable

loco-regional cancer treated with radiotherapy

Amongst patients with initially inoperable lung cancer (without

distant metastases) who were considered to be operable after a

course of radiotherapy there was no difference in five-year sur-

vival between those assigned to surgery versus those assigned to no

surgery (NCI 1975). Eight percent of participants in the surgery

group survived five years compared with 6% in the no surgery

group (RR 1.42, 95% CI 0.42 to 4.84, P = 0.57). Disease free

survival was also similar between the two groups at five years (RR

1.58, 95% CI 0.39 to 6.38, P = 0.52). It was stated in the study

report that subgroup analyses were conducted according to pre-

treatment characteristics (e.g. type of lymph node involvement)
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and that differences between subgroups were small and no pat-

tern to the variation was evident but further details were not pro-

vided. Respiratory complications (respiratory infection, radiation

pneumonitis, respiratory insufficiency) were more common in the

group undergoing surgery (RR 3.0, 95% CI 1.27 to 7.11, P =

0.01). There was no information provided about what proportion

of participants in the surgery group had a complete resection.

Chemotherapy followed by surgery versus chemotherapy fol-

lowed by radiotherapy in stage IIIA NSCLC

There were two studies included in this category (Johnstone 2002;

Stathopoulos 1996) . A further trial was added at the time of the

2010 update (van Meerbeeck 2007). These trials however were

clinically and statistically heterogeneous (chi squared for homo-

geneity 5.18, P = 0.08) and a pooled analysis was not performed.

The results are described separately. Of particular note the treat-

ment protocols in the chemotherapy/radiotherapy groups differed

somewhat between these two studies.

In one study which compared chemotherapy and surgery with

chemotherapy and radiotherapy there was no significant differ-

ence in survival at four years (Johnstone 2002). In this study 19

(73%) of the participants in the surgery group had complete resec-

tions (R0) and four had pathologic residual disease (R1-2). After

more than four years of follow up there were 21 deaths (out of

29) in the chemotherapy/surgery group and 27 deaths (out of 32

participants) in the chemotherapy/radiotherapy group. The haz-

ard ratio was 0.8 (95% CI 0.45 to 1.42, P = 0.456) for overall

survival, indicating a lower chance of dying in the chemotherapy/

surgery treatment arm. The details of all grade three and four tox-

icities were not described in the report of this trial, however the

authors stated that there were no cases of grade four acute radia-

tion toxicity in the chemo/radiotherapy group. The incidences of

postinduction chemotherapy and radiation toxicity were said to be

equivalent across treatment arms. Grade four toxicity was noted to

be more common in patients receiving mitomycin-C. There were

two treatment-related deaths in the chemotherapy/surgery group

and one in the chemotherapy/radiotherapy group (RR 2.21, 95%

CI 0.21 to 23.08, P = 0.51).

In the small study reported by Stathopoulos et al there was a

significant improvement in survival in the intervention group

(Stathopoulos 1996). Sixty-seven percent of patients in the inter-

vention group had a complete resection after chemotherapy but

the criteria used to classify the adequacy of the resection were

not described. Five-year survival was 29% in the chemotherapy/

surgery group compared with 0% in the chemotherapy/radiother-

apy group (P < 0.01). The hazard ratio was 0.39 (95% CI 0.19

to 0.81, P = 0.010). Toxicity and treatment-related complications

were not described.

The EORTC-LCG study identified in the 2010 review (van

Meerbeeck 2007) was a large multi-institutional trial. This study

found no statistically significant difference in five-year overall sur-

vival between the surgery or radiotherapy arm post induction che-

motherapy for stage IIIA-N2 disease. Seventy seven participants

(50%) in the surgery group had complete resection. Complete

resection versus incomplete resection had a hazard ratio = 0.46

(95% CI 0.32 to 0.67). Acute grade 3-4 oesophageal toxicity was

observed in one (<1%) patient out of the 154 patients who un-

derwent radiotherapy, with five (4%) patients in this treatment

arm experiencing acute grade 3-4 pulmonary toxicity. The study

reported late pulmonary fibrosis in 11 patients (7%) and one pa-

tient died from radiation pneumonitis. Eleven patients (4%) died

within thirty days of surgery. At five years of follow up there were

138 deaths (out of 167) in the chemotherapy surgery group and

141 deaths (out of 165) in the chemotherapy/radiotherapy group.

The hazard ratio for overall survival for surgery versus radiother-

apy was 0.94 (95% CI 0.74 to 1.19, P = 0.596). Progression-free

survival also did not differ significantly between the 2 treatment

groups, hazard ratio 0.94 (95% CI 0.74 to 1.19, P = 0.605).

Concurrent chemotherapy and full course radiotherapy ver-

sus induction chemotherapy and radiotherapy followed by

surgery

In the North American Intergroup trial 0139 there was no sig-

nificant difference in overall survival between the two treatment

groups (Albain 2003). (Hazard Ratio 0.87 (95% CI 0.69 to 1.10),

P = 0.24). Progression-free survival was improved in the group re-

ceiving induction chemoradiation followed by surgery compared

with those receiving full course chemoradiation alone (Hazard Ra-

tio 0.77 (95% CI 0.62 to 0.96), P = 0.017). At 5 years, 22% of

participants in the chemoradiation/surgery arm were disease-free

compared with 11% of participants in the chemoradiation arm.

During induction chemotherapy/radiotherapy the amount of che-

motherapy delivered was similar in both groups. However fewer

patients in the surgical group completed consolidative chemother-

apy compared with the chemoradiation alone group (55% versus

74%, P < 0.0001). Radiotherapy was administered per protocol

(or with acceptable variation) in 96% of patients in the surgical

group and 79% in the chemoradiation alone group (P < 0.0001).

Of the 202 participants in the chemoradiation/surgery group 155

underwent resection (3 wedge resections, 98 lobectomies and 54

pneumonectomies). Eight percent of participants died from treat-

ment related causes in the chemo/radiation/surgery group com-

pared with 2% in the chemoradiation group. The majority of

treatment-related deaths in the surgical group occurred after pneu-

monectomy (14 out of 16), with only one death occurring after

lobectomy. Grade 3 or 4 oesophagitis was more common in the

chemoradiation group (23%) compared with the chemoradiation/

surgery group (10%), P = 0.0006. However other toxicities such

as pneumonitis, neutropenia, nausea or emesis, were not signifi-

cantly different between the two groups. Haematological toxicity

was reportedly greater in the chemoradiation group during con-

solidative chemotherapy (56% vs 36%) (Albain 2003).

Limited resection (wedge excision or segmentectomy) versus

lobectomy for stage IA peripheral NSCLC

13Surgery for local and locally advanced non-small cell lung cancer (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



In the one study that compared limited resection with lobectomy

in patients with peripheral stage I NSCLC, limited resection was

associated with an increased risk of local recurrence (Ginsberg

1995). In this study there was also a trend to improved overall

survival, the five-year survival was 74% in the lobectomy group

and 55% in the limited resection group. The hazard ratio was

0.67 (95% CI 0.44 to 1.02, P = 0.062). The rate of recurrence

per person/year was 0.054 in the limited resection group versus

0.019 in the lobectomy group (RR 2.84, 95% CI 1.32 to 6.1,

P = 0.007). The non-local recurrence rates were not significantly

different between the two groups (RR 1.07, 95% CI 0.56 to 2.06,

P = 0.83). There was a trend to an increased rate of deaths with

cancer in the limited resection group compared with the lobectomy

group (0.063 per person/years versus 0.043 per person/year). The

relative risk for death with cancer was 1.46 (95% CI 0.87 to 2.45,

P = 0.15).

The investigators also conducted an analysis which included all pa-

tients randomised. They stated that the magnitude of the increase

in overall death rate and death with cancer fell from 41% to 26%

for the overall death rate and from 47% to 28% for deaths with

cancer and lost statistical significance but the actual results and

statistics were not reported. In the limited resection group there

was less of a fall (from baseline preoperative level) in FEV1 at 12

to 18 months (mean % difference) compared with the lobectomy

group. The mean difference between groups was 5.91 (95% CI

0.29 to 11.53, P = 0.04). However this difference is of doubtful

clinical significance and the results are difficult to interpret because

less than 67% of participants had lung function results available

at 12 to 18 months. For FVC, MMEFR and MVV, the mean %

difference in the change from baseline was not significantly dif-

ferent between the groups at 12 to 18 months. However limited

data were also available for these outcomes. The authors stated

that there were no significant differences in the types and number

of postoperative complications except respiratory failure requiring

postoperative ventilation for more than 24 hours. Six patients in

the lobectomy group required postoperative ventilation for more

than 24 hours and none in the limited resection group (RR 0.08,

95% CI 0.0 to 1.38, P = 0.08). There were two postoperative

deaths in the lobectomy group and one in the limited resection

group but these figures were for all 276 individuals randomised

(including those exclusions after randomisation discussed above)

and it was not clear what the denominator was for each group

from the report.

Video-assisted thoracoscopic lobectomy versus conventional

lobectomy for stage I NSCLC

In the only study included in this category there was no difference

in survival between those treated with resection via open thora-

cotomy and those treated with VATS (Sugi 2000). There was no

comment in the study report about whether resection was com-

plete in all participants or not. The three-year survival was 93%

in the open group and 90% in the VATS group (RR 0.97, 95%

CI 0.86 to 1.10, P = 0.64). The five-year survival rate was 85% in

the open group and 90% in the VATS group (RR 1.09, 95% CI

0.91 to 1.23, P = 0.46). The authors did not comment on post

operative morbidity or mortality, quality of life, pain, duration of

surgery or length of stay (Sugi 2000).

Complete mediastinal lymph node dissection versus mediasti-

nal lymph node systematic sampling in patients with resectable

NSCLC

The results of the individual trials included in this analysis differ.

Izbicki et al reported no significant difference in overall survival

between those undergoing CMLND compared with those under-

going SS with a median follow up of 47 months (Izbicki 1998).

Sugi and co-workers also reported no difference in five-year sur-

vival (Sugi 1998). However Wu et al conducted a survival analysis

in which some participants were followed for 10 years or more

and found significantly better overall survival in those undergoing

mediastinal lymph node dissection after adjustment for stage (Wu

2002). In one study there was no comment about whether resec-

tion was complete in all cases or not (Sugi 1998). In the remaining

two trials participants with residual tumour at the resection mar-

gin were excluded after randomisation, but there was no statement

about whether this included both macroscopic and microscopic

residual disease (Izbicki 1998; Wu 2002).

In the study reported by Izbicki et al, 32% of individuals assigned

to CMLND had squamous cell carcinoma compared with 53% of

those assigned to SS and this difference was statistically significant

(P = 0.032). However the groups were reasonably well balanced

for other characteristics. In the study by Wu et al the groups were

well balanced for baseline characteristics, although 48% of indi-

viduals in the CMLND group had stage IIIA disease compared

with 28% in the SS group and this probably reflects more accu-

rate pathological staging in the dissection group rather than a real

difference (Wu 2002).

A pooled analysis (fixed-effects model) was conducted for overall

survival for the three studies included in this category. There was

a significant reduction in the risk of death in the group undergo-

ing CMLND, the pooled hazard ratio was estimated to be 0.63

(95% CI 0.51 to 0.78, P ≤ 0.0001) and there was no signifi-

cant statistical heterogeneity between studies being pooled (I2 =

0%, chi2 1.30, P = 0.52). In the reports of two of these primary

studies, subgroup analyses by stage were performed. However this

type of analysis could be misleading because stage migration in

the group undergoing mediastinal lymph node dissection could

affect the survival results (Will Rogers phenomenon) (Feinstein

1985; Izbicki 1998; Wu 2002). Therefore we did not conduct a

subgroup analysis by stage.

In one trial there was a non-significant trend to improved disease-

free survival in the CMLND group with a median follow up of

47.5 months, the hazard ratio was reported to be 0.82 (95% CI

0.54 to 1.27) (Izbicki 1998). The remaining trials did not report

time to event data for disease recurrence and so a meta-analysis

was not performed. The percentage of patients developing local

or distant recurrences was reported in the trials. Meta-analysis was
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conducted on these data although it is important to note that

the follow-up periods for each of the studies differ. There was a

significant reduction in any cancer recurrence (local or distant) in

the CMLND group (RR 0.79, 95% CI 0.66 to 0.95, P = 0.01)

and there was no significant statistical heterogeneity (P = 0.64).

This appears to be mainly due to a reduction in the number of

distant recurrences (RR 0.78, 95% CI 0.61 to 1.00, P = 0.05) and

again there was no significant heterogeneity detected (P = 0.7).

None of the trials individually found a significant difference be-

tween the groups in terms of 30-day operative mortality. In the

pooled analysis, the relative risk was 0.86 (95% CI 0.19 to 3.77,

P = 0.84) and there was no significant statistical heterogeneity be-

tween studies being pooled (P = 0.39). In the study by Wu et al,

morbidity by treatment group was not described (Wu 2002). Post-

operative complications were reported in the studies by Izbicki et

al and Sugi et al (Izbicki 1998; Sugi 1998). Air leak lasting more

than five days was significantly more common in patients assigned

to CMLND (RR 2.94, 95% CI 1.01 to 8.54, P = 0.05) and there

was no significant heterogeneity detected (P = 0.74). For all other

postoperative complications including retained bronchial secre-

tions requiring more than two bronchoscopies, recurrent laryngeal

nerve lesions, repeat thoracotomies, postoperative pneumonia and

cardiac arrhythmias there were no significant differences between

the sampling and dissection groups (P > 0.25). However because

of the relatively small number of complications, larger sample sizes

would be needed to detect modest or small differences in the rates

of these complications between the CMLND and SS groups.

D I S C U S S I O N

Summary of main results

This is an update of the original systematic review of randomised

controlled trials of surgery for NSCLC first published in 2005.

Thirteen trials with a total of 2290 patients were included in the

review. There were no studies comparing surgery alone with a

no-treatment arm identified by the literature search. There was

only one small trial in which surgery alone was compared with

radiotherapy alone in individuals with bronchogenic carcinoma

limited to the thorax but the trial included some patients with

’oat cell’ lung cancer (Morrison 1963). In this study there was a

trend to improved four-year survival in individuals treated with

surgery particularly those with squamous cell carcinoma, however

because of the small numbers included in this study the results

are imprecise and fail to reach significance at the conventional 5%

level (RR 3.27, 95% CI 0.74 to 14.42).

The Lung Cancer Study Group trial showed that in patients with

stage I NSCLC there was a significant increase of almost three fold

in local recurrence in the limited resection group, the trend to a

reduction in the rate of death with cancer and death from all causes

in the lobectomy group did not reach statistical significance at the

conventional 5% level (Ginsberg 1995). The study was designed

to show equivalence between the two groups and therefore a priori

a more conservative P value > 0.1 was considered to be acceptable

evidence of equivalence. However the 95% confidence intervals

for the hazard ratio for five-year overall survival are wide (0.44 to

1.02) and encompass values of equivalence, but also do not ex-

clude a clinically important difference between the two groups. A

further study conducted in patients with stage I NSCLC found no

difference in survival in between those treated with VATS lobec-

tomy compared with those treated with open lobectomy (Sugi

2000). The results of studies comparing CMLND with SS are also

of interest with respect to the efficacy of surgery in general (Sugi

1998; Wu 2002; Izbicki 1998). In the pooled analysis of the three

studies there was a significant reduction in death from all causes

in the group undergoing CMLND. These results suggest that the

CMLND group have approximately 63% as great a risk of dying

on any given day, given survival to that point, compared to the

lymph node sampling group. However the true hazard ratio could

be between 0.51 to 0.78 at the 95% confidence level.

In patients with initially inoperable loco-regional lung cancer one

small study found no difference in survival between those treated

with radiotherapy followed by surgery compared with radiother-

apy alone (NCI 1975 ). Overall the results of studies included in

this review suggest that the role of surgery in stage IIIA NSCLC is

limited. Two studies comparing radiotherapy alone with chemo-

therapy plus surgery in patients with stage IIIA NSCLC were also

inconclusive because of small numbers of participants due to the

premature closure of these trials (Shepherd 1998; Stephens 2005).

There were three trials that compared chemotherapy followed

by surgery with chemotherapy followed by radiotherapy how-

ever these trials were both clinically and statistically heterogeneous

(Johnstone 2002 ;Stathopoulos 1996; van Meerbeeck 2007). One

of these studies was inconclusive because of very small numbers

and premature closure of the trial (Johnstone 2002). One very

small study found a significant improvement in survival in favour

of chemotherapy/surgery compared with sequential chemother-

apy and radiotherapy in stage IIIA disease (Stathopoulos 1996).

The largest of the studies in this category, the EORTC 08941

trial, that compared surgery with radiotherapy in individuals with

stage IIIA (N2) NSCLC who had responded to neoadjuvant/in-

duction chemotherapy did not show any significant difference in

overall survival or progression-free survival between the treatment

groups (van Meerbeeck 2007). The North American Intergroup

trial 0139 (RTOG 93-09) reported that in patients with stage IIIA

N2 NSCLC progression-free survival was better in those treated

with induction chemotherapy/radiotherapy followed by surgery

compared with those treated with concurrent chemotherapy and

full course radiotherapy (Albain 2003). However, treatment-re-

lated deaths were more common in the surgical group and overall

survival was not significantly different between the two groups.

In the North American Intergroup trial 0139, the majority of post
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operative deaths in the surgical group occurred in those requiring

pneumonectomy and post hoc subgroup analysis suggested there

may be an improvement in overall survival in those who are judged

to be suitable for lobectomy at the outset of treatment. In addi-

tion, within the surgical arms of both the EORTC 08941 trial

and the North American Intergroup trial 0139 subgroup analysis

showed poorer survival amongst those who had persistent patho-

logical N2 disease compared with those who had no pathological

residual mediastinal disease (van Meerbeeck 2007; Albain 2003).

However any potential improvements in such subgroups of pa-

tients would need to be assessed in further randomised controlled

trials. The results of the studies in this review suggest that overall,

any survival benefit of chemoradiation plus surgery over radical

chemoradiation alone in stage IIIA NSCLC is likely to be small.

Overall completeness and applicability of
evidence

Several of the studies included in this review were conducted many

years ago and therefore given the changing epidemiology of lung

cancer and changes in the accuracy of staging the results may not

be generalisable to current practice (Morrison 1963; NCI 1975;

Janssen-Heijnen 2003). In addition the radiation dose used in

some of studies might be considered suboptimal by contemporary

standards (Morrison 1963; Stathopoulos 1996; Hensing 2001).

Few of the trials included in this review have described the ex-

perience of the surgeons involved in performing surgery. How-

ever this information is important for interpreting the results of

these trials. The efficacy of the intervention may be influenced by

the experience of the surgeons. Furthermore this information is

required when making judgements about the generalisability of

any findings. For example, mediastinal lymph node dissection is

routinely practised in some countries whereas mediastinal lymph

node sampling is performed more often in others. Variation also

exists between different institutions and in some cases within in-

stitutions. The results of trials performed by experienced surgeons

may not be easily generalised to those with less experience with

the technique.

Quality of the evidence

The results of this review should be interpreted taking into ac-

count the risk of bias in the primary studies included. Important

methodological weaknesses were identified in some of the studies.

The risk of bias was difficult to assess in some studies because of a

lack of information in the study reports about methodology and/or

follow up (Johnstone 2002; Stathopoulos 1996; Albain 2003;NCI

1975; Ginsberg 1995). Blinding of outcome assessment was only

described for one trial (Izbicki 1998). However it is not always fea-

sible to blind or use placebos in studies involving surgery or com-

paring complex interventions. Several studies in this review have

some methodological weaknesses that represent serious threats to

the internal validity of the findings (Ginsberg 1995; Sugi 2000).

In particular the Lung Cancer Study Group trial reported high

rates of losses to follow up in both groups and did not clearly state

whether patients were analysed according to treatment received

or treatment assigned (Ginsberg 1995). It should also be noted

that blinded assessment of outcome was not undertaken in this

study and the high local recurrence rate in the limited resection

group could to some extent reflect a detection bias. In the only

trial that compared VATS lobectomy with open lobectomy the

analysis was not by intention-to-treat and the randomisation was

not concealed and therefore this trial has a high risk of bias (Sugi

2000) (Schulz 1995). The three studies included in the meta-anal-

ysis comparing complete mediastinal lymph node dissection with

mediastinal lymph node sampling in individuals with resectable

NSCLC were all judged to have a relatively low risk of bias (Sugi

1998; Wu 2002 ; Izbicki 1998).

The largest of the three studies comparing chemotherapy followed

by surgery with chemotherapy followed by radiotherapy in stage

IIIA disease (van Meerbeeck 2007) was judged to have a low risk of

bias and therefore the results of this study are likely to have greater

internal validity than the two smaller trials in this category that

were assessed as having a potentially higher risk of bias (Johnstone

2002, Stathopoulos 1996). In the only study in this category that

found a significant improvement in survival in the surgical group,

the risk of bias was unclear because of a lack of information in the

study report (Stathopoulos 1996). The results were not based on

an intention to treat analysis. In addition in such a small study

it is possible that imbalance between unknown prognostic factors

could have arisen and the actual TNM status of individuals was

not described (Stathopoulos 1996). From the description of follow

up data provided in the North American Intergroup trial 0139

(RTOG 93-09) it was not possible to assess whether losses to follow

up might have introduced any unacceptable risk of bias (Albain

2003).

Potential biases in the review process

Systematic reviews can be limited by selection bias or publication

bias and by the quality of primary studies in the review. In the

present review the authors have been careful not to draw conclu-

sions that go beyond the strength of the evidence in the primary

studies. The majority of studies identified in this review are neg-

ative and it is therefore unlikely that the results of any unpub-

lished small negative trials would alter the conclusions of the re-

view. However the possibility that publication bias could affect the

results of the meta-analysis of trials comparing CMLND with SS

in resectable NSCLC cannot be discounted completely.

Agreements and disagreements with other
studies or reviews

To our knowledge there have been no other systematic reviews of

surgery for non-small cell lung cancer in the literature.
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A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Surgical resection has long been considered to provide the best

chance for cure for patients with early stage NSCLC. Current

evidence from randomised controlled trials neither supports nor

discounts this contention. There are no randomised controlled

trials comparing surgery for lung cancer with a non-intervention

group. The results of trials comparing surgery with radiotherapy

in potentially operable NSCLC are inconclusive (Morrison 1963).

There is some indirect evidence to support the role of surgery

in local or loco-regional lung cancer. In particular lobectomy as

compared with limited resection was shown to reduce the rate of

local recurrence in individuals with stage I NSCLC in one study

(Ginsberg 1995). In addition, mediastinal lymph node dissection

appears to improve survival compared with mediastinal lymph

node sampling in individuals with stages I to IIIA NSCLC (Izbicki

1998; Sugi 1998; Wu 2002). However the strength of this evidence

is limited by the small number of participants studied to date.

Furthermore interpretation is hampered by the methodological

weaknesses of some of the primary studies. Patients being offered

surgery for NSCLC need to be fully informed about the potential

risks and benefits of this therapy. Current evidence suggests that

in stage IIIA N2 NSCLC, chemotherapy followed by surgery is

as effective as chemotherapy followed by radical radiotherapy, and

radical concurrent chemotherapy and radiotherapy is as effective as

induction chemoradiation followed by surgery in terms of overall

survival (Albain 2003; van Meerbeeck 2007; Johnstone 2002).

The results of the ACOSOG Z30 trial (yet to be published) will

be important to further clarify the benefit of CMLND dissection

relative to SS in patients with T1-2, N0-1(less than hilar), M0

NSCLC.

Implications for research

The findings of this review have implications for the conduct of

future lung cancer surgery trials. Some common methodological

problems were identified. Guidelines for the conduct of thoracic

surgical oncological trials would be a useful resource for those con-

templating this type of research. Recommendations for the con-

duct of clinical trials in other procedural fields have been pub-

lished (Qureshi 2004). Issues such as how to handle exclusions

after randomisation, outcome evaluation, and the construct and

analysis of studies conducted across multiple institutions should

be considered. The types of outcome measures also need to be

given careful consideration. For example preventing local recur-

rence even in the absence of an overall survival benefit may be an

important outcome, but should be assessed by measuring addi-

tional outcomes such as quality of life.

The current evidence suggests that surgery does not significantly

improve survival after induction chemotherapy plus or minus ra-

diotherapy in patients with stage IIIA (N2) NSCLC and therefore

it may be reasonable to conduct further randomised controlled

trials comparing surgery (plus or minus chemotherapy) with ra-

diotherapy or chemoradiation in selected groups of patients with

earlier stage NSCLC. For example in older patients in whom the

perioperative mortality of surgery is on average 6% for patients

aged 70 to 79 years and 8% for those 80 years and older (Kiser

2001) or in patients with reduced respiratory reserve. Future stud-

ies might also be able to clarify whether there are subgroups of

patients (for example those who are technically suitable for lobec-

tomy at presentation) with stage IIIA N2 disease who may bene-

fit from induction chemoradiation followed by surgery compared

with chemoradiation alone. Further well conducted randomised

controlled trials are required to determine whether there are any

differences in long term survival and quality of life between pa-

tients with stage I NSCLC resected using VATS versus open tho-

racotomy.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Albain 2003

Methods Randomised controlled trial (1994-2001)

Participants Individuals with stage IIIA pathologically confirmed N2 non-small cell lung cancer.

Patients with performance status 0-1 were eligible if resection was technically feasible at

randomisation

Interventions All patients first received induction chemotherapy consisting of cisplatin 50mg/m2 d1,8

and etoposide 50 mg/m2 d1-5(PE) X2 and daily radiotherapy to 45 Gy starting day 1.

After induction, individuals were treated according to the following: Intervention group:

underwent resection if no progression, followed by PE X2; Control group: received

uninterrupted radiotherapy to 61 Gy and PE X2

Outcomes Toxicity, morbidity and mortality associated with treatment. Progression-free and overall

survival

Notes C factor was C3 - all patients had CT scan chest and had mediastinoscopy and biopsy

to confirm N2 status and exclude N3 disease (if contralateral nodes were present)

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Computer generated

Allocation concealment? Yes Random allocation schedule generated at

the Radiation Therapy Oncology Group

statistical centre

Blinding?

All outcomes

Unclear Information not reported

Incomplete outcome data addressed?

All outcomes

No Description of withdrawals and follow up

was incomplete. Median follow up for all

patients was 22.5 months (range 0.9 to

125.1) and for those still alive at the final

analysis was 69.3 months (6.2 to 125.1).

Only 92% of patients randomised were eli-

gible for the analysis, mainly due to factors

such as wrong stage or incomplete staging.
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Ginsberg 1995

Methods Randomised controlled trial (1982 to 1988)

Participants Individuals with T1 N0 peripherally based, suspected or proven lung cancer and able to

tolerate lobectomy as assessed by cardiopulmonary function

Interventions Intervention group: limited resection (wedge or segmentectomy);

Control group: lobectomy

Randomisation was stratified according to age, pulmonary function, and whether the

intended limited resection would be a wedge or segment.

Outcomes Post operative morbidity and mortality. Pulmonary function (FEV1, FVC, MMEFR

and MVV) at 6 and 12 months. Overall survival and local and distant cancer recurrence

rates.

Notes C-factor staging : C4 (after thoracotomy);

C1 (prior to thoracotomy)

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Unclear Information not reported

Allocation concealment? Yes ’Randomisation occurred intraoperatively

by telephone communication to the Oper-

ations Office’

Blinding?

All outcomes

Unclear Information not reported

Incomplete outcome data addressed?

All outcomes

No Description of withdrawals and losses to

follow up were reported in a subsequent

letter to the editor (18% in both groups).

The magnitude of losses to follow up were

judged to be sufficiently large that they

might affect the results of the study

Izbicki 1998

Methods Randomised controlled trial (1989 to 1991)

Participants Individuals with curatively resectable non-small cell lung cancer. Individuals with N3,

or M1 or R1 or R2 disease or small cell, excluded after randomisation and resection (for

survival analysis)

Interventions Intervention group: Thoracotomy and lung resection with CMLND.

Control group: Thoracotomy and lung resection with mediastinal SS (regional lymph

node dissection including hilar nodes (10,11,12), mediastinotomy with exploration of
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Izbicki 1998 (Continued)

nodes 2-9 and routine removal of nodes of stations 4,5 and 7)

Outcomes Surgical mortality and morbidity, intra-operative parameters and post-operative param-

eters, local recurrence and distant recurrence rates, cancer-related survival and overall

survival

Notes C-factor staging: C4 (after thoracotomy)

Tumours were classified using staging classification suggested by UICC 1987.

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Information not reported in the paper.

Classified as adequate after contacting the

authors.

Allocation concealment? Yes Allocation concealment was unclear from

the paper, but after contacting the authors,

concealment of allocation was reclassified

as adequate

Blinding?

All outcomes

Yes Information not reported in the paper. Af-

ter contacting the authors, we were told

that investigators undertaking the follow

up were blind to the type of operation

Incomplete outcome data addressed?

All outcomes

Yes Three patients from each group were lost

to follow up

Johnstone 2002

Methods Randomised controlled trial (1990 to 1994)

Participants Individuals with stage IIIA (T1-T3N2MO) NSCLC. Histologically confirmed N2 dis-

ease at mediastinoscopy or anterior mediastinotomy

Interventions Intervention group: induction chemotherapy followed by surgical resection;

Control group: Induction chemotherapy followed by radiotherapy (64Gy).

Patients stratified according bulky N2 disease (visible on plain chest radiography) versus

other N2 disease

Outcomes Toxicity, treatment related morbidity and mortality. Overall survival at 4 years.

Notes C-factor staging : C3

Staging classification criteria not described

Trial terminated early.

24Surgery for local and locally advanced non-small cell lung cancer (Review)

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Johnstone 2002 (Continued)

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Unclear Information not reported

Allocation concealment? Unclear Information not reported

Blinding?

All outcomes

Unclear Information not reported

Incomplete outcome data addressed?

All outcomes

No Description of withdrawals and losses to

follow up not complete. 75 patients entered

in the study including 12 patients entered

but then not randomised after induction. 2

patients ineligible and not included, leav-

ing 29 in surgical group and 32 in the ra-

diotherapy group that were included in the

analysis. 2 patients lost to follow up but it

was not stated which group or groups they

were lost from however all others were fol-

lowed for at least 48 months.

Morrison 1963

Methods Randomised controlled trial (1954 to 1958)

Participants Individuals with histologically confirmed lung cancer (including small cell cancer) and

clinically confined to the chest.

Interventions Intervention group: thoracotomy and radical resection of tumour and associated hilar

and mediastinal lymph nodes

Control group: Radiotherapy (planned mean dose of 45 Gy).

Outcomes Morbidity and mortality associated with treatment. Overall survival at 1, 2, 3, and 4

years.

Notes C-factor staging: C1

Predates modern staging criteria

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes ’The method of treatment was decided by

random selection cards, prepared by the

Medical Research Council’s statistical unit.
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Morrison 1963 (Continued)

Allocation concealment? Yes ’Cards on which the treatment was indi-

cated were drawn from sealed envelopes’

Blinding?

All outcomes

Unclear None described

Incomplete outcome data addressed?

All outcomes

Unclear No statement about losses to follow up

NCI 1975

Methods Randomised controlled trial (1963 to 1966)

Participants Patients with locally advanced lung cancer (NSCLC and small cell) who were initially

classified as inoperable but were thought to be potentially operable after radiotherapy .

Patients were classified as inoperable if they had 1) mediastinal, supraclavicular, or scalene

lymph node involvement, 2) chest wall invasion, or 3) encroachment of tumour upon

the carina.

Interventions After radiotherapy individuals with cancer that was subsequently considered resectable

were randomised to either surgical resection or no surgery.

Outcomes 5-year overall survival, treatment related complications

Notes C-factor staging: C1

Predates modern staging criteria

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Unclear ’Separate lists of random assignments were

prepared for each institution and kept at

the statistical center’

Allocation concealment? Yes ’The assignment for each new patient was

obtained by phone call to the statistical cen-

ter’

Blinding?

All outcomes

Unclear None described

Incomplete outcome data addressed?

All outcomes

Yes ’All patients in the study groups were fol-

lowed until death or through 5 full years of

survival’
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Shepherd 1998

Methods Randomised controlled trial (prior to 1997)

Participants Individuals with Stage IIIA NSCLC with biopsy proven mediastinal node involvement

and fit for surgery with predicted post-operative FEV1 of > 0.8L. ECOG performance

status of less than or equal to 2.

Interventions Intervention group: induction chemotherapy followed by surgical resection;

Control group: radiotherapy (60Gy)

Outcomes Response rates, toxicity and treatment related morbidity and mortality. Survival at 2

years.

Notes Trial closed prematurely

C-factor staging: C2/3 (biopsy proven mediastinal node involvement)

Staging classification criteria not described

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Information not reported. After contacting

the authors, generation of sequence was re-

classified as adequate (computer generated)

Allocation concealment? Yes Information not reported. After contacting

the authors, allocation concealment was re-

classified as adequate

Blinding?

All outcomes

Unclear Information not reported

Incomplete outcome data addressed?

All outcomes

Yes Information not reported. After contacting

the authors it was confirmed that there were

no losses to follow up

Stathopoulos 1996

Methods Randomised controlled trial (1988 to 1991)

Participants Individuals with histologically confirmed stage IIIA NSCLC (on surgical specimen).

TNM status of participants was not specified in the report. In both groups the Karnofsky

performance status ranged between 70 to 90.

Interventions Intervention group: 4 courses of chemotherapy followed by surgical resection (either

lobectomy or pneumonectomy).

Control group: 6 courses of chemotherapy followed by radiotherapy (50Gy to primary

site and mediastinum). Chemotherapy consisted of cis-platinum, vindesine and epiru-

bicin administered once every 3 weeks.
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Stathopoulos 1996 (Continued)

Outcomes Response rate, toxicity and 5 year overall survival

Notes C-factor for staging: 50% C4 and 50% C2

Staging criteria used were not specified

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Unclear This trial was not described as randomised

but after contacting the author it was clas-

sified as randomised, however method used

to generate the allocation sequence was not

supplied.

Allocation concealment? Unclear Information not reported

Blinding?

All outcomes

Unclear None described

Incomplete outcome data addressed?

All outcomes

Unclear No description of withdrawals and follow

up

Stephens 2005

Methods Randomised controlled trial (1995 to 1999)

Participants Patients had microscopically confirmed NSCLC stage T3, N1, M0 or T1-3, N2, M0

disease, considered by the local thoracic surgeon to be unresectable but to have the

potential to become resectable following chemotherapy.

Interventions Radiotherapy group: Thoracic radiotherapy (to be decided by the local radiation oncol-

ogist according to the site and extent of the tumour and local practice and around 50-

60Gy over 3-6 weeks).

Chemotherapy group: 4 cycles of chemotherapy at 3-week intervals followed by surgical

resection, if feasible, between 4 and 6 weeks after the final cycle of chemotherapy.

Outcomes Survival, adverse effects and quality of life.

Notes Although it had been estimated that 350 patients could be recruited in 3 years, only

48 from 12 centres were recruited. Some changes to the protocol were suggested but

there was no common agreement about those and the Data and Monitoring and Ethics

Committee recommended closing the trial.

Risk of bias

Item Authors’ judgement Description
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Stephens 2005 (Continued)

Adequate sequence generation? Yes Generated by minimisation

Allocation concealment? Yes ’Clinicians telephoned the Cancer Division

of the Medical Research Council Clinical

Trials Unit’

Blinding?

All outcomes

Unclear Information not reported

Incomplete outcome data addressed?

All outcomes

Yes Description of withdrawals and losses to

follow up adequate

Sugi 1998

Methods Randomised controlled trial (1985 to 1992)

Participants Individuals with peripheral NSCLC less than 2 cm in diameter & hilar or mediastinal

lymph nodes less than 1cm on CT. No pre-operative mediastinoscopy performed.

Interventions Intervention group: thoracotomy with lobectomy or bilobectomy and mediastinal lymph

node dissection (n=59) Control: thoracotomy with lobectomy or bilobectomy and me-

diastinal lymph node sampling

Outcomes Surgical mortality and morbidity, duration of surgery and blood loss. Overall 3 and 5

year survival, local and distant recurrence rate

Notes C-factor staging C4 (after thoracotomy)

Lymph nodes were classified using the scheme of the American Thoracic Society (Martini

1983)

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes ’Patients were randomly divided into two

groups using computer-generated random

numbers’

Allocation concealment? Yes Information not reported. After contacting

the authors, allocation concealment was re-

classified as adequate

Blinding?

All outcomes

Unclear None described

Incomplete outcome data addressed?

All outcomes

Yes Description of withdrawals and losses to

follow up adequate (two patients, one in

each group, were lost to follow up)
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Sugi 2000

Methods Randomised controlled trial (1993 to 1994)

Participants Individuals with clinical stage IA NSCLC. No preoperative mediastinoscopy

Interventions Intervention group: video-assisted thoracoscopic lobectomy;

Control group: conventional lobectomy.

Both groups had hilar and mediastinal lymph node dissections performed in a similar

manner

Outcomes Cancer recurrence rates, overall survival at 3 and 5 years.

Notes C-factor staging C2 prior to surgery and C4 after resection

Staging classification criteria not described

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? No ’Patients were randomised into the 2 groups

according to their ID numbers’

Allocation concealment? No Information not reported. If randomisa-

tion was generated by alternation it is very

probable that allocation was not concealed

Blinding?

All outcomes

Unclear None described

Incomplete outcome data addressed?

All outcomes

Yes Information not reported. After contacting

study authors, it was confirmed that there

were no losses to follow up

van Meerbeeck 2007

Methods Randomised controlled trial (1994-2002)

Participants Patients had histologic or cytologic proven stage IIIA N2 disease.

Interventions Intervention:Three cycles of platinum-based induction chemotherapy followed by

surgery

Control group: Three cycles of platinum-based induction chemotherapy followed by

definitive radiotherapy

Outcomes Five-year overall survival, progression-free survival, toxicity and mortality

Notes C factor for staging C3
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van Meerbeeck 2007 (Continued)

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Computer generated

Allocation concealment? Yes Central allocation (European Organisation

and Treatment of Cancer Data Centre)

Blinding?

All outcomes

Unclear None described

Incomplete outcome data addressed?

All outcomes

Yes There were no losses to follow up for the

outcome of overall survival in those patients

who were randomly assigned.

Wu 2002

Methods Randomised controlled trial (1989 to 1995)

Participants Individuals with pathologically confirmed NSCLC, cTNM stage I-IIIA, age <71

Patients with stage IIIB and IV cancer after re-staging from resection were excluded after

randomisation as were those with incomplete resection and cancer other than NSCLC

(total exclusions =61)

Interventions Intervention group: lung resection plus systematic nodal dissection.

Control group: Lung resection plus mediastinal lymph node sampling (hilar lymph node

dissection, mediastinotomy & nodes of stations 1-9 were explored, nodes of station 7

were routinely removed)

Outcomes Surgical mortality. Overall survival (5 years). Proportion of participants experiencing

tumour recurrence.

Notes C-factor staging C4 (after thoracotomy)

Pathological stages were classified using the 1997 UICC revisions of the international

system for staging lung cancer (Mountain 1997)

Risk of bias

Item Authors’ judgement Description

Adequate sequence generation? Yes Information not reported. After contacting

study authors, sequence generation was re-

classified as adequate (computer generated)

Allocation concealment? Yes Information not reported. After contacting

study authors, concealment of allocation
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Wu 2002 (Continued)

was reclassified as adequate

Blinding?

All outcomes

Unclear None described

Incomplete outcome data addressed?

All outcomes

Yes Description of withdrawals and losses to

follow up were adequate (There were six

cases lost to follow-up and the rate of lost

to follow-up was 1.88%)

NSCLC = non-small cell lung cancer

FEV1= Forced expiratory volume in 1 second; FVC = Forced vital capicity; MMEFR= maximum midexpiratory flow rate; MVV=

maximum voluntary ventilation

SS = systematic sampling

CMLND = complete mediastinal lymph node dissection

Characteristics of excluded studies [ordered by study ID]

Bretel 1997 Report of uncontrolled trial of patients with stage IIIB NSCLC treated with chemotherapy and bifractionated

radiotherapy followed by repeat evaluation and surgical excision.

Cox 1991 Review of studies examining outcomes in patients with stage IIIA (N2) NSCLC treated with radiotherapy.

Durci 1991 Large case series of patients with stage III disease treated with surgery or radiotherapy

Ferguson 2000 Large retrospective case series of patients undergoing major lung resection at a single institution.

Harpole 1995 Report on a large series of patients with stage I NSCLC.

Keller 2000 Non randomised comparison of systematic sampling versus complete mediastinal lymph node dissection in

373 patients with resected stage II-IIIa NSCLC who had been randomised to a phase III trial of adjuvant

therapy by the Eastern Co-operative Oncology Group. Complete mediastinal lymph node dissection was

associated with an improved survival in patients with right sided tumours.

Kirby 1995 Randomised controlled trial comparing video-assisted thoracic surgery with muscle sparing thoracotomy

in patients with stage I non-small cell lung cancer. Outcomes assessed included intraoperative and post-

operative complications, length of hospital stay and post-thoracotomy pain. This study was excluded from

the systematic review because there was no long term follow up (average length of follow up 13 months) and

no survival analysis at two or five years.

MRC Trial small cell Randomised controlled trial of surgery versus radiotherapy in patients with potentially operable (broncho-

scopically accessible) small cell or ’oat cell’ carcinoma of the bronchus.
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(Continued)

Pitz 2002 Phase II multicentre study of neoadjuvant chemotherapy followed by either surgical resection (if mediastinal

lymph nodes were clear of metastases) or radiotherapy if mediastinoscopy demonstrated mediastinal lymph

node metastases.

Sugiura 1999 Non randomised study comparing quality of life outcomes in individuals with clinical stage I NSCLC in a

consecutive series of patients treated with thoracotomy and lobectomy with a consecutive series of patients

treated with VATS lobectomy.

Taylor 2004 Large retrospective case series comparing outcomes in individuals with clinical stage IIIA non-small cell lung

cancer treated with concurrent chemoradiation compared with induction chemotherapy followed by surgical

resection

Van Kooten 2002 Trial of neoadjuvant/induction chemotherapy with cisplatin and gemcitabine in patients with stage IIIA/B

NSCLC followed by either surgical resection or radiotherapy. Assignment to surgery or radiotherapy was

based on assesment of oncologist and surgeon with respect to resectability (not randomised).

Yano 1995 Retrospective case series comparing limited resection with radiotherapy for stage I non-small cell lung cancer.

Yim 2000 Case series comparing cytokine responses in patients undergoing video-assisted thoracic surgery with those

undergoing conventional thoracotomy

Characteristics of ongoing studies [ordered by study ID]

ACOSOG Z0030

Trial name or title American College of Surgeons Oncology Group Z0030 Trial

Methods

Participants Patients with NSCLC T1-2, N0-1(less than hilar), M0. ECOG performance status 0-2.

Interventions Eligible participants are assessed intra-operatively with mediastinal lymph node sampling and frozen section.

Those with T1-2, N0-1(less than hilar), M0 disease are randomised to either lymph node sampling or complete

lymph node dissection intraoperatively

Outcomes Overall survival. Operative time, post-operative complications, duration of chest tube drainage and length of

hospitalisation. Local recurrence free survival and local-regional recurrence free survival

Starting date 1999

Contact information http://www.acosog.org

Notes Closed to recruitment
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D A T A A N D A N A L Y S E S

Comparison 1. Surgical resection alone versus radiotherapy alone for clinical stage I to III lung cancer

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 2-year survival 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

2 4-year survival 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

3 30-day mortality 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

4 Subgroup analysis: 4-year

survival in patients with

squamous cell carcinoma

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

Comparison 2. Chemotherapy plus surgery versus radiotherapy for stage IIIA NSCLC

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 2-year survival 2 Effect of intervention (Random, 95% CI) Totals not selected

Comparison 3. Surgery versus no surgery in patients with initially inoperable loco-regional cancer treated with

radiotherapy

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 5-year survival 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

2 5-year disease free survival 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

3 Respiratory complications 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

Comparison 4. Chemotherapy plus surgery versus chemotherapy plus radiotherapy for stage IIIA NSCLC

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall survival 3 Hazard ratio (Random, 95% CI) Totals not selected

2 Progression-free survival 1 Hazard Ratio (Random, 95% CI) Totals not selected

3 Treatment-related deaths 2 Risk Ratio (M-H, Random, 95% CI) Totals not selected
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Comparison 5. Concurrent chemotherapy and full course radiotherapy versus induction concurrent chemoradi-

ation and surgery

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall survival 1 Hazard Ratio (Random, 95% CI) Totals not selected

2 Progression-free survival 1 Hazard Ratio (Random, 95% CI) Totals not selected

3 Treatment-related deaths 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

4 Grade 3 or 4 oesophagitis 1 Risk Ratio (M-H, Random, 95% CI) Subtotals only

Comparison 6. Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral

NSCLC

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Change in FEV1 (from baseline)

at 12 to 18 months (mean %

difference)

1 Mean Difference (IV, Random, 95% CI) Totals not selected

2 Change in FVC (from baseline)

at 12 to 18 months (mean %

difference)

1 Mean Difference (IV, Random, 95% CI) Totals not selected

3 Change in MMEFR (from

baseline) at 12 to 18 months

(mean % difference)

1 Mean Difference (IV, Random, 95% CI) Totals not selected

4 Change in MVV (from baseline)

at 12 to 18 months (mean %

difference)

1 Mean Difference (IV, Random, 95% CI) Totals not selected

5 Loco-regional recurrence rate

(per person/year)

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

6 Non-local recurrence rate (per

person/year)

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

7 Death with cancer rate (per

person/year)

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

8 Post operative respiratory failure

requiring ventilation for more

than 24 hours

1 Risk Ratio (M-H, Random, 95% CI) Totals not selected
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Comparison 7. Video-assisted thoracoscopic lobectomy versus open lobectomy for stage I NSCLC

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall survival 1 Hazard Ratio (Fixed, 95% CI) Totals not selected

2 3-year survival 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

3 5-year survival 1 Risk Ratio (M-H, Random, 95% CI) Totals not selected

Comparison 8. Mediastinal lymph node sampling versus systematic nodal dissection

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Overall survival 3 Hazard ratio (Fixed, 95% CI) 0.63 [0.51, 0.78]

2 30-day surgical mortality 3 829 Risk Ratio (M-H, Random, 95% CI) 0.86 [0.19, 3.77]

3 Retained bronchial secretions

requiring more than 2

bronchoscopies

2 297 Risk Ratio (M-H, Random, 95% CI) 1.59 [0.72, 3.49]

4 Air leak persisting for more than

5 days

2 297 Risk Ratio (M-H, Random, 95% CI) 2.94 [1.01, 8.54]

5 Recurrent laryngeal nerve lesions 2 297 Risk Ratio (M-H, Random, 95% CI) 2.30 [0.23, 22.88]

6 Repeat thoracotomies 2 297 Risk Ratio (M-H, Random, 95% CI) 1.12 [0.29, 4.24]

7 Postoperative pneumonia 2 297 Risk Ratio (M-H, Random, 95% CI) 1.03 [0.33, 3.18]

8 Cardiac arrhythmias 2 297 Risk Ratio (M-H, Random, 95% CI) 1.25 [0.71, 2.21]

9 Local recurrence rates 3 755 Risk Ratio (M-H, Random, 95% CI) 0.80 [0.54, 1.19]

10 Distant recurrence rate 3 755 Risk Ratio (M-H, Random, 95% CI) 0.78 [0.60, 1.00]

11 Any disease recurrence 3 755 Risk Ratio (M-H, Random, 95% CI) 0.79 [0.66, 0.95]

Analysis 1.1. Comparison 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung

cancer, Outcome 1 2-year survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung cancer

Outcome: 1 2-year survival

Study or subgroup Surgery Radiotherapy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Morrison 1963 8/30 4/28 1.87 [ 0.63, 5.52 ]

0.1 0.2 0.5 1 2 5 10

Favours radiotherapy Favours surgery
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Analysis 1.2. Comparison 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung

cancer, Outcome 2 4-year survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung cancer

Outcome: 2 4-year survival

Study or subgroup Surgery Radiotherapy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Morrison 1963 7/30 2/28 3.27 [ 0.74, 14.42 ]

0.01 0.1 1 10 100

Favours radiotherapy Favours surgery

Analysis 1.3. Comparison 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung

cancer, Outcome 3 30-day mortality.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung cancer

Outcome: 3 30-day mortality

Study or subgroup Surgery Radiotherapy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Morrison 1963 2/30 0/28 4.68 [ 0.23, 93.37 ]

0.01 0.1 1 10 100

Favours surgery Favours radiotherapy
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Analysis 1.4. Comparison 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung

cancer, Outcome 4 Subgroup analysis: 4-year survival in patients with squamous cell carcinoma.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 1 Surgical resection alone versus radiotherapy alone for clinical stage I to III lung cancer

Outcome: 4 Subgroup analysis: 4-year survival in patients with squamous cell carcinoma

Study or subgroup Surgery Radiotherapy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Morrison 1963 6/20 1/17 5.10 [ 0.68, 38.29 ]

0.01 0.1 1 10 100

Favours radiotherapy Favours surgery

Analysis 2.1. Comparison 2 Chemotherapy plus surgery versus radiotherapy for stage IIIA NSCLC,

Outcome 1 2-year survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 2 Chemotherapy plus surgery versus radiotherapy for stage IIIA NSCLC

Outcome: 1 2-year survival

Study or subgroup log [Effect of intervention] Effect of intervention Effect of intervention

(SE) IV,Random,95% CI IV,Random,95% CI

Shepherd 1998 0.086 (0.421) 1.09 [ 0.48, 2.49 ]

Stephens 2005 -0.09 (0.32) 0.91 [ 0.49, 1.71 ]

0.01 0.1 1 10 100

Favours radiation Favours chemo/surgery
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Analysis 3.1. Comparison 3 Surgery versus no surgery in patients with initially inoperable loco-regional

cancer treated with radiotherapy, Outcome 1 5-year survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 3 Surgery versus no surgery in patients with initially inoperable loco-regional cancer treated with radiotherapy

Outcome: 1 5-year survival

Study or subgroup Surgery No surgery Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

NCI 1975 6/78 4/74 1.42 [ 0.42, 4.84 ]

0.1 0.2 0.5 1 2 5 10

Favours no surgery Favours surgery

Analysis 3.2. Comparison 3 Surgery versus no surgery in patients with initially inoperable loco-regional

cancer treated with radiotherapy, Outcome 2 5-year disease free survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 3 Surgery versus no surgery in patients with initially inoperable loco-regional cancer treated with radiotherapy

Outcome: 2 5-year disease free survival

Study or subgroup Surgery No surgery Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

NCI 1975 5/78 3/74 1.58 [ 0.39, 6.38 ]

0.1 0.2 0.5 1 2 5 10

Favours no surgery Favours surgery
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Analysis 3.3. Comparison 3 Surgery versus no surgery in patients with initially inoperable loco-regional

cancer treated with radiotherapy, Outcome 3 Respiratory complications.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 3 Surgery versus no surgery in patients with initially inoperable loco-regional cancer treated with radiotherapy

Outcome: 3 Respiratory complications

Study or subgroup Surgery No surgery Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

NCI 1975 19/78 6/74 3.00 [ 1.27, 7.11 ]

0.1 0.2 0.5 1 2 5 10

Favours surgery Favours no surgery

Analysis 4.1. Comparison 4 Chemotherapy plus surgery versus chemotherapy plus radiotherapy for stage

IIIA NSCLC, Outcome 1 Overall survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 4 Chemotherapy plus surgery versus chemotherapy plus radiotherapy for stage IIIA NSCLC

Outcome: 1 Overall survival

Study or subgroup log [Hazard ratio] Hazard ratio Hazard ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Johnstone 2002 -0.22 (0.29) 0.80 [ 0.45, 1.42 ]

Stathopoulos 1996 -0.94 (0.37) 0.39 [ 0.19, 0.81 ]

van Meerbeeck 2007 -0.06 (0.12) 0.94 [ 0.74, 1.19 ]

0.1 0.2 0.5 1 2 5 10

Favours chemo/surgery Favours chemo/radiation
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Analysis 4.2. Comparison 4 Chemotherapy plus surgery versus chemotherapy plus radiotherapy for stage

IIIA NSCLC, Outcome 2 Progression-free survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 4 Chemotherapy plus surgery versus chemotherapy plus radiotherapy for stage IIIA NSCLC

Outcome: 2 Progression-free survival

Study or subgroup log [Hazard Ratio] Hazard Ratio Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

van Meerbeeck 2007 -0.06 (0.12) 0.94 [ 0.74, 1.19 ]

0.01 0.1 1 10 100

Favours surge Favours radiation

Analysis 4.3. Comparison 4 Chemotherapy plus surgery versus chemotherapy plus radiotherapy for stage

IIIA NSCLC, Outcome 3 Treatment-related deaths.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 4 Chemotherapy plus surgery versus chemotherapy plus radiotherapy for stage IIIA NSCLC

Outcome: 3 Treatment-related deaths

Study or subgroup Chemotherapy/surgery Chemo/radiotherapy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Johnstone 2002 2/29 1/32 2.21 [ 0.21, 23.08 ]

van Meerbeeck 2007 6/167 1/165 5.93 [ 0.72, 48.70 ]

0.01 0.1 1 10 100

Favours chemo/surg Favours chemo/rad
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Analysis 5.1. Comparison 5 Concurrent chemotherapy and full course radiotherapy versus induction

concurrent chemoradiation and surgery, Outcome 1 Overall survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 5 Concurrent chemotherapy and full course radiotherapy versus induction concurrent chemoradiation and surgery

Outcome: 1 Overall survival

Study or subgroup log [Hazard Ratio] Hazard Ratio Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Albain 2003 -0.14 (0.12) 0.87 [ 0.69, 1.10 ]

0.1 0.2 0.5 1 2 5 10

Favours surg Favours chem/RT

Analysis 5.2. Comparison 5 Concurrent chemotherapy and full course radiotherapy versus induction

concurrent chemoradiation and surgery, Outcome 2 Progression-free survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 5 Concurrent chemotherapy and full course radiotherapy versus induction concurrent chemoradiation and surgery

Outcome: 2 Progression-free survival

Study or subgroup log [Hazard Ratio] Hazard Ratio Hazard Ratio

(SE) IV,Random,95% CI IV,Random,95% CI

Albain 2003 -0.26 (0.11) 0.77 [ 0.62, 0.96 ]

0.01 0.1 1 10 100

Favours surg Favours Ch/RT
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Analysis 5.3. Comparison 5 Concurrent chemotherapy and full course radiotherapy versus induction

concurrent chemoradiation and surgery, Outcome 3 Treatment-related deaths.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 5 Concurrent chemotherapy and full course radiotherapy versus induction concurrent chemoradiation and surgery

Outcome: 3 Treatment-related deaths

Study or subgroup Chemo/rad/surgery Concurrent chemo/rad Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Albain 2003 16/202 4/194 3.84 [ 1.31, 11.29 ]

0.01 0.1 1 10 100

Favours chemo/surg Favours chemo/rad

Analysis 5.4. Comparison 5 Concurrent chemotherapy and full course radiotherapy versus induction

concurrent chemoradiation and surgery, Outcome 4 Grade 3 or 4 oesophagitis.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 5 Concurrent chemotherapy and full course radiotherapy versus induction concurrent chemoradiation and surgery

Outcome: 4 Grade 3 or 4 oesophagitis

Study or subgroup Chemo/RT/Surg Chemo/RT Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Albain 2003 20/202 44/194 0.44 [ 0.27, 0.71 ]

0.001 0.01 0.1 1 10 100 1000

Favours Surge Favours Chemo/rad
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Analysis 6.1. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 1 Change in FEV1 (from baseline) at 12 to 18 months (mean %

difference).

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 1 Change in FEV1 (from baseline) at 12 to 18 months (mean % difference)

Study or subgroup Limited resection Lobectomy Mean Difference Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ginsberg 1995 71 -5.18 (16.1) 58 -11.09 (16.3) 5.91 [ 0.29, 11.53 ]

-100 -50 0 50 100

Favours lobectomy Favours limited

Analysis 6.2. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 2 Change in FVC (from baseline) at 12 to 18 months (mean %

difference).

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 2 Change in FVC (from baseline) at 12 to 18 months (mean % difference)

Study or subgroup Limited resection Lobectomy Mean Difference Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ginsberg 1995 71 0.52 (22.1) 58 -5.74 (18.3) 6.26 [ -0.71, 13.23 ]

-100 -50 0 50 100

Favours lobectomy Favours limited
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Analysis 6.3. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 3 Change in MMEFR (from baseline) at 12 to 18 months (mean %

difference).

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 3 Change in MMEFR (from baseline) at 12 to 18 months (mean % difference)

Study or subgroup Limited resection Lobectomy Mean Difference Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ginsberg 1995 60 8.95 (128.6) 55 -9.71 (76.8) 18.66 [ -19.69, 57.01 ]

-100 -50 0 50 100

Favours lobectomy Favours limited

Analysis 6.4. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 4 Change in MVV (from baseline) at 12 to 18 months (mean %

difference).

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 4 Change in MVV (from baseline) at 12 to 18 months (mean % difference)

Study or subgroup Limited resection Lobectomy Mean Difference Mean Difference

N Mean(SD) N Mean(SD) IV,Random,95% CI IV,Random,95% CI

Ginsberg 1995 47 9.72 (75.3) 41 -0.15 (93.9) 9.87 [ -26.04, 45.78 ]

-100 -50 0 50 100

Favours lobectomy Favours limited
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Analysis 6.5. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 5 Loco-regional recurrence rate (per person/year).

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 5 Loco-regional recurrence rate (per person/year)

Study or subgroup Limited resection Lobectomy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Ginsberg 1995 22/408 9/474 2.84 [ 1.32, 6.10 ]

0.1 0.2 0.5 1 2 5 10

Favours limited Favours lobectomy

Analysis 6.6. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 6 Non-local recurrence rate (per person/year).

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 6 Non-local recurrence rate (per person/year)

Study or subgroup Limited resection Lobectomy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Ginsberg 1995 17/417 18/474 1.07 [ 0.56, 2.06 ]

0.1 0.2 0.5 1 2 5 10

Favours limited Favours lobectomy
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Analysis 6.7. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 7 Death with cancer rate (per person/year).

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 7 Death with cancer rate (per person/year)

Study or subgroup Limited resection Lobectomy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Ginsberg 1995 32/508 24/558 1.46 [ 0.87, 2.45 ]

0.1 0.2 0.5 1 2 5 10

Favours limited Favours lobectomy

Analysis 6.8. Comparison 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for

stage IA peripheral NSCLC, Outcome 8 Post operative respiratory failure requiring ventilation for more than

24 hours.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 6 Limited resection (wedge excision or segmentectomy) versus lobectomy for stage IA peripheral NSCLC

Outcome: 8 Post operative respiratory failure requiring ventilation for more than 24 hours

Study or subgroup Limited resection Lobectomy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Ginsberg 1995 0/122 6/125 0.08 [ 0.00, 1.38 ]

0.001 0.01 0.1 1 10 100 1000

Favours limited Favours lobectomy
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Analysis 7.1. Comparison 7 Video-assisted thoracoscopic lobectomy versus open lobectomy for stage I

NSCLC, Outcome 1 Overall survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 7 Video-assisted thoracoscopic lobectomy versus open lobectomy for stage I NSCLC

Outcome: 1 Overall survival

Study or subgroup Hazard Ratio (SE) Hazard Ratio Hazard Ratio

IV,Fixed,95% CI IV,Fixed,95% CI

Sugi 2000 -0.07 (0.21) -0.07 [ -0.48, 0.34 ]

-0.5 -0.25 0 0.25 0.5

Favours open Favours VATS

Analysis 7.2. Comparison 7 Video-assisted thoracoscopic lobectomy versus open lobectomy for stage I

NSCLC, Outcome 2 3-year survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 7 Video-assisted thoracoscopic lobectomy versus open lobectomy for stage I NSCLC

Outcome: 2 3-year survival

Study or subgroup VATS lobectomy Open lobectomy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Sugi 2000 43/48 48/52 0.97 [ 0.86, 1.10 ]

0.5 0.7 1 1.5 2

Favours open Favours VATS
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Analysis 7.3. Comparison 7 Video-assisted thoracoscopic lobectomy versus open lobectomy for stage I

NSCLC, Outcome 3 5-year survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 7 Video-assisted thoracoscopic lobectomy versus open lobectomy for stage I NSCLC

Outcome: 3 5-year survival

Study or subgroup VATS Lobectomy Open lobectomy Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Sugi 2000 43/48 44/52 1.06 [ 0.91, 1.23 ]

0.5 0.7 1 1.5 2

Favours open Favours VATS

Analysis 8.1. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

1 Overall survival.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 1 Overall survival

Study or subgroup log [Hazard ratio] Hazard ratio Weight Hazard ratio

(SE) IV,Fixed,95% CI IV,Fixed,95% CI

Izbicki 1998 -0.28 (0.25) 18.0 % 0.76 [ 0.46, 1.23 ]

Sugi 1998 -0.0577 (0.5526) 3.7 % 0.94 [ 0.32, 2.79 ]

Wu 2002 -0.52 (0.12) 78.3 % 0.59 [ 0.47, 0.75 ]

Total (95% CI) 100.0 % 0.63 [ 0.51, 0.78 ]

Heterogeneity: Chi2 = 1.30, df = 2 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 4.33 (P = 0.000015)

0.2 0.5 1 2 5

Favours dissection Favours sampling
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Analysis 8.2. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

2 30-day surgical mortality.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 2 30-day surgical mortality

Study or subgroup Treatment Control Risk Ratio Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 2/82 4/100 0.61 [ 0.11, 3.25 ]

Sugi 1998 0/59 0/56 0.0 [ 0.0, 0.0 ]

Wu 2002 1/268 0/264 2.96 [ 0.12, 72.22 ]

Total (95% CI) 409 420 0.86 [ 0.19, 3.77 ]

Total events: 3 (Treatment), 4 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.74, df = 1 (P = 0.39); I2 =0.0%

Test for overall effect: Z = 0.21 (P = 0.84)

0.01 0.1 1 10 100

Favours dissection Favours sampling

Analysis 8.3. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

3 Retained bronchial secretions requiring more than 2 bronchoscopies.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 3 Retained bronchial secretions requiring more than 2 bronchoscopies

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 14/82 12/100 93.0 % 1.42 [ 0.70, 2.90 ]

Sugi 1998 3/59 0/56 7.0 % 6.65 [ 0.35, 125.91 ]

Total (95% CI) 141 156 100.0 % 1.59 [ 0.72, 3.49 ]

Total events: 17 (Treatment), 12 (Control)

Heterogeneity: Tau2 = 0.04; Chi2 = 1.03, df = 1 (P = 0.31); I2 =3%

Test for overall effect: Z = 1.15 (P = 0.25)

0.001 0.01 0.1 1 10 100 1000

Favours dissection Favours sampling
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Analysis 8.4. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

4 Air leak persisting for more than 5 days.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 4 Air leak persisting for more than 5 days

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 9/82 4/100 87.5 % 2.74 [ 0.88, 8.59 ]

Sugi 1998 2/59 0/56 12.5 % 4.75 [ 0.23, 96.81 ]

Total (95% CI) 141 156 100.0 % 2.94 [ 1.01, 8.54 ]

Total events: 11 (Treatment), 4 (Control)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.11, df = 1 (P = 0.74); I2 =0.0%

Test for overall effect: Z = 1.98 (P = 0.048)

0.01 0.1 1 10 100

Favours dissection Favours sampling

Analysis 8.5. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

5 Recurrent laryngeal nerve lesions.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 5 Recurrent laryngeal nerve lesions

Study or subgroup Treatment Control Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 5/82 6/100 64.9 % 1.02 [ 0.32, 3.21 ]

Sugi 1998 5/59 0/56 35.1 % 10.45 [ 0.59, 184.73 ]

Total (95% CI) 141 156 100.0 % 2.30 [ 0.23, 22.88 ]

Total events: 10 (Treatment), 6 (Control)

Heterogeneity: Tau2 = 1.77; Chi2 = 2.42, df = 1 (P = 0.12); I2 =59%

Test for overall effect: Z = 0.71 (P = 0.48)

0.001 0.01 0.1 1 10 100 1000

Favours dissection Favours sampling
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Analysis 8.6. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

6 Repeat thoracotomies.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 6 Repeat thoracotomies

Study or subgroup Node dissection Node sampling Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 3/82 4/100 82.4 % 0.91 [ 0.21, 3.97 ]

Sugi 1998 1/59 0/56 17.6 % 2.85 [ 0.12, 68.53 ]

Total (95% CI) 141 156 100.0 % 1.12 [ 0.29, 4.24 ]

Total events: 4 (Node dissection), 4 (Node sampling)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.41, df = 1 (P = 0.52); I2 =0.0%

Test for overall effect: Z = 0.16 (P = 0.87)

0.01 0.1 1 10 100

Favours dissection Favours sampling

Analysis 8.7. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

7 Postoperative pneumonia.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 7 Postoperative pneumonia

Study or subgroup Node dissection Node sampling Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 5/82 5/100 87.4 % 1.22 [ 0.37, 4.07 ]

Sugi 1998 0/59 1/56 12.6 % 0.32 [ 0.01, 7.61 ]

Total (95% CI) 141 156 100.0 % 1.03 [ 0.33, 3.18 ]

Total events: 5 (Node dissection), 6 (Node sampling)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.61, df = 1 (P = 0.44); I2 =0.0%

Test for overall effect: Z = 0.05 (P = 0.96)

0.01 0.1 1 10 100
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Analysis 8.8. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

8 Cardiac arrhythmias.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 8 Cardiac arrhythmias

Study or subgroup Node dissection Node sampling Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 18/82 18/100 94.3 % 1.22 [ 0.68, 2.19 ]

Sugi 1998 2/59 1/56 5.7 % 1.90 [ 0.18, 20.36 ]

Total (95% CI) 141 156 100.0 % 1.25 [ 0.71, 2.21 ]

Total events: 20 (Node dissection), 19 (Node sampling)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.13, df = 1 (P = 0.72); I2 =0.0%

Test for overall effect: Z = 0.77 (P = 0.44)
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Analysis 8.9. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection, Outcome

9 Local recurrence rates.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 9 Local recurrence rates

Study or subgroup Lymphadenectomy Node sampling Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 22/76 32/93 77.6 % 0.84 [ 0.54, 1.32 ]

Sugi 1998 2/59 2/56 4.2 % 0.95 [ 0.14, 6.51 ]

Wu 2002 7/240 11/231 18.2 % 0.61 [ 0.24, 1.55 ]

Total (95% CI) 375 380 100.0 % 0.80 [ 0.54, 1.19 ]

Total events: 31 (Lymphadenectomy), 45 (Node sampling)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.40, df = 2 (P = 0.82); I2 =0.0%

Test for overall effect: Z = 1.11 (P = 0.27)
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Analysis 8.10. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection,

Outcome 10 Distant recurrence rate.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 10 Distant recurrence rate

Study or subgroup Lymphadenectomy Node sampling Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 20/76 29/93 27.1 % 0.84 [ 0.52, 1.37 ]

Sugi 1998 6/59 5/56 4.9 % 1.14 [ 0.37, 3.52 ]

Wu 2002 54/240 71/231 68.0 % 0.73 [ 0.54, 0.99 ]

Total (95% CI) 375 380 100.0 % 0.78 [ 0.60, 1.00 ]

Total events: 80 (Lymphadenectomy), 105 (Node sampling)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.70, df = 2 (P = 0.70); I2 =0.0%

Test for overall effect: Z = 1.97 (P = 0.049)
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Analysis 8.11. Comparison 8 Mediastinal lymph node sampling versus systematic nodal dissection,

Outcome 11 Any disease recurrence.

Review: Surgery for local and locally advanced non-small cell lung cancer

Comparison: 8 Mediastinal lymph node sampling versus systematic nodal dissection

Outcome: 11 Any disease recurrence

Study or subgroup Lymphadenectomy Node sampling Risk Ratio Weight Risk Ratio

n/N n/N M-H,Random,95% CI M-H,Random,95% CI

Izbicki 1998 42/76 61/93 53.6 % 0.84 [ 0.66, 1.08 ]

Sugi 1998 6/59 6/56 2.9 % 0.95 [ 0.33, 2.77 ]

Wu 2002 61/240 82/231 43.5 % 0.72 [ 0.54, 0.95 ]

Total (95% CI) 375 380 100.0 % 0.79 [ 0.66, 0.95 ]

Total events: 109 (Lymphadenectomy), 149 (Node sampling)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.88, df = 2 (P = 0.64); I2 =0.0%

Test for overall effect: Z = 2.55 (P = 0.011)
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A P P E N D I C E S

Appendix 1. Search strategies

Search strategies performed (October 2nd 2009)

MEDLINE (PubMed)

#1 Surgical resection[tw] 19772

#2 “Thoracic Surgery”[Mesh] 8810

#3 Pneumonectomy[Mesh] 17180

#4 “Lymph Node Excision”[Mesh] 26539

#5 Lobectom*[tw] 10590

#6 Wedge resection[tw] 1889

#7 Lymph node sampling[tw] 401

#8 Limited resection[tw] 571

#9 Segmentectomy[tw] 1311

#10 Sleeve resection[tw] 379

#11 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 79637

#12 “Carcinoma, Non-Small-Cell Lung”[Mesh] 19874

#13 non small cell lung cancer[tw] 16130

#14 nsclc[tw] 10401

#15 ((#12) OR #13) OR #14 23861

#16 (#11) AND #15 2682

#17 (randomized controlled trial[pt] OR controlled clinical trial[pt] OR randomized[tiab] OR placebo[tiab] OR drug therapy[sh] OR

randomly[tiab] OR trial[tiab] OR groups[tiab]) NOT (animals[mh] NOT (humans[mh] AND animals[mh])) 2156252

#18 (#16) AND #17 975

#19 (“2003”[Publication Date] : “3000”[Publication Date]) AND ((#16) AND #17) 571

CENTRAL (The Cochrane Library 2009, Issue 3)

#1 MeSH descriptor Carcinoma, Non-Small-Cell Lung explode all trees 1521

#2 non small cell cancer in Clinical Trials 3093

#3 nsclc in Clinical Trials 1649

#4 (#1 OR #2 OR #3) 4081

#5 surgical resection in Clinical Trials 1850

#6 lobectom* in Clinical Trials 213

#7 wedge resection in Clinical Trials 58

#8 lymph node sampling in Clinical Trials 158

#9 limited resection in Clinical Trials 252

#10 segmentectomy in Clinical Trials 24

#11 sleeve resection in Clinical Trials 4

#12 MeSH descriptor Thoracic Surgery explode all trees 139

#13 MeSH descriptor Pneumonectomy explode all trees 333

#14 MeSH descriptor Lymph Node Excision explode all trees 773

#15 (#5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14) 4165

#16 (#4 AND #15) 343

#17 (#16), from 2003 to 2009 72

EMBASE (Ovid)

1 exp thorax surgery/ 198201

2 exp lung resection/ 9076
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3 exp lymphadenectomy/ 19347

4 lobectom*.mp. 11843

5 (surgical adj3 resection).mp. 18629

6 Wedge resection.mp. 1472

7 Lymph node sampling.mp. 370

8 (Limited adj3 resection).mp. 972

9 segmentectomy.mp. 1023

10 sleeve resection.mp. 327

11 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 240414

12 exp lung non small cell cancer/ 23350

13 Non small Cell Lung Cancer.mp. 15503

14 nsclc.mp. 9898

15 13 or 12 or 14 25699

16 11 and 15 3316

17 Clinical trial/ 557163

18 Randomized controlled trials/ 174001

19 Random Allocation/ 27071

20 Single-Blind Method/ 8542

21 Double-Blind Method/ 74144

22 Cross-Over Studies/ 21774

23 Placebos/ 131701

24 Randomi?ed controlled trial$.tw. 35063

25 RCT.tw. 2931

26 Random allocation.tw. 646

27 Randomly allocated.tw. 10509

28 Allocated randomly.tw. 1367

29 (allocated adj2 random).tw. 565

30 Single blind$.tw. 7675

31 Double blind$.tw. 86799

32 ((treble or triple) adj blind$).tw. 141

33 Placebo$.tw. 113115

34 Prospective Studies/ 85878

35 33 or 32 or 21 or 26 or 17 or 22 or 18 or 30 or 23 or 29 or 25 or 27 or 28 or 20 or 34 or 24 or 19 or 31 731476

36 Case study/ 6386

37 Case report.tw. 123217

38 Abstract report/ or letter/ 512027

39 38 or 36 or 37 639194

40 35 not 39 705947

41 animal/ not human/ 14494

42 40 not 41 705851

43 42 and 16 864

44 43 864

45 limit 43 to yr=“2003 -Current” 599

Search methods published in the previous version of the review

The MEDLINE (1966 to December 2003) (Pub Med) database was searched using the recommended Cochrane search strategy for

randomised controlled trials in addition to the following:

#1. Surgical resection

#2. “Surgery”[Subheading]

#3. “Thoracic Surgery”[MESH]

#4. “Pneumonectomy”[MESH]

#5. “Lymph Node Excision”[MESH]
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#6. Lobectomy

#7. Wedge resection

#8. Lymph node sampling

#9. Limited resection

#10. Segmentectomy

#11. Sleeve resection

#12. or/1-11

#13. “Carcinoma, Non-Small-Cell Lung”[MESH]

#14. NSCLC

#15. Non small Cell Lung Cancer

#16. or/13-15

An advanced search of the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library Plus, Issue 4, 2003)

was also undertaken using the following strategy:

1 LUNG AND CANCER

2 BRONCHOGENIC AND CARCINOMA

3 LUNG AND NEOPLASM*

4 1 OR 2 OR 3

5 LUNG AND SURGERY*

6 LUNG AND RESECTION

7 PNEUMONECTOMY

8 LOBECTOMY

9 WEDGE AND RESECTION

10 LIMITED AND RESECTION

11 5 OR 6 OR 7 OR 8 OR 9 OR 10

12 11 AND 4

EMBASE (1974 to December 2003) was also searched using the following search strategy:

#1. Surgical ADJ resection

#2. Surgery#.DE.

#3. Thorax-Surgery#.DE.

#4. Lung-Resection#.DE.

#5. Lymph-Node-Dissection.MJ.

#6. Lobectomy

#7. Wedge ADJ resection

#8. Lymph ADJ node ADJ sampling

#9. Limited ADJ resection

#10. Segmentectomy

#11. Sleeve ADJ resection

#12. or/1-11

#13. Lung-Non-Small-Cell-Cancer#.DE.

#14. NSCLC

#15. Nonsmall ADJ cell ADJ lung ADJ cancer

#16. Non ADJ small ADJ cell ADJ lung ADJ cancer

#17. or/13-16

The journal Lung Cancer was handsearched from 1995 to March 2004 including abstracts from scientific meetings of the International

Association for the Study of Lung Cancer. Abstracts from the annual scientific meeting of the American Association for Thoracic

Surgery were searched for the year 2002. Abstracts from the annual scientific meeting of the European Association for Cardiothoracic

Surgery were handsearched for the years 1999 to 2003. The bibliographies of identified studies and narrative reviews were searched for

additional citations. Authors of primary studies and experts in the field were contacted
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Appendix 2. Additional information on incomplete outcome data

In four trials, participants were analysed in the groups to which they were assigned regardless of whether they received the treatment or

not (NCI 1975; Albain 2003; Stephens 2005; van Meerbeeck 2007). In the NCI study three patients assigned to no surgery requested

and underwent surgery and 13 patients assigned to the surgery group did not undergo surgery (NCI 1975). None of the remaining

studies included in the review contained a clear statement that they had conducted an intention-to-treat analysis.

In the study by Shepherd et al, all patients received the treatment which they were randomised to and were included in the analysis

(confirmed by contacting one of the authors) (Shepherd 1998). In one study, two patients randomised to VATS lobectomy were

converted to open lobectomy due to intraoperative bleeding and these two were then subsequently analysed as part of the open

lobectomy group, so the analysis was not intention-to-treat (Sugi 2000).

In the study by Johnstone et al, there was one participant in the radiotherapy group who was ineligible and excluded after randomisation

(Johnstone 2002). In the only study comparing surgery alone with radiotherapy alone, 30 participants were randomised to surgery and

28 to radiotherapy. All patients in the radiotherapy group tolerated the full course of treatment (Morrison 1963). Only 17 patients

assigned to surgery underwent resection (82% of these had squamous cell carcinoma) the remainder were inoperable at the time of

thoracotomy (Morrison 1963). However all patients assigned to the surgical group were included in the analysis regardless of whether or

not they received treatment (although there was no statement about losses to follow up)(Morrison 1963). An intention-to-treat analysis

was not conducted by Stathopoulos et al in their study (Stathopoulos 1996). Three patients (two from the intervention group) were

excluded after entering the study, because of very early disease progression or patient choice to discontinue treatment before completion

(Stathopoulos 1996).

In the only study comparing limited resection with lobectomy, 276 patients were randomised intraoperatively, but 29 were excluded

from the analysis after randomisation (Ginsberg 1995). There were eight exclusions due to ineligible cell types, eight patients did not

have T1 N0 disease, eight patients had benign disease, one patient had a middle lobe tumour, two patients had metastases that appeared

within one week of randomisation, one patient had a non-pulmonary primary and one patient had a previous malignancy (Ginsberg

1995). Of those who were included in the analysis (n=247), the authors stated that 122 received a limited resection and 125 received

a lobectomy. Eight additional patients were unable to receive the assigned form of operation as a result of complications during the

operation while 11 of the 139 “limited resection” patients required complete lobectomy because of either greater than T1 N0 disease

or incomplete resection (Ginsberg 1995). It is not entirely clear if these additional 19 patients were excluded after randomisation in

addition to the 29 exclusion described above. An additional analysis was conducted on all 276 patients randomised in terms of overall

survival and recurrence rates however it was not clear in the report if this excludes the eight additional patients who did not receive

the assigned operation because of complications or the 11 out of 139 limited resection patients who required completion lobectomy

(Ginsberg 1995).

In one study comparing CMLND with SS, 201 participants were randomised, 100 to the intervention group and 101 to the SS group

but 32 patients were excluded after randomisation, 12 because of residual tumour, 10 because they had small cell lung cancer, 5 because

of N3 disease and 5 because they had metastatic disease in the resected lobe of the lung (Izbicki 1998). There were a greater number of

exclusions in the CMLND group compared with the SS group (24 versus 8). Apart from these exclusions, individuals appear to have

been analysed in the groups to which they were assigned but strictly speaking this does not constitute an intention-to-treat analysis

(Izbicki 1998; Fergusson 2002). In another study comparing CMLND with SS, all patients analysed appear to have been analysed in

the groups to which they were assigned (Sugi 1998). In this study, there were nine individuals with histology other than primary non-

small cell lung cancer and these appear to have been included in the analysis (Sugi 1998). In the study by Wu et al, participants appear

to have been analysed in the groups to which they were assigned, however there were 61 exclusions after randomisation and one surgical

death was censored in the survival analysis (Wu 2002). After randomisation 28 patients were excluded from the CMLND group and

33 from the SS group. Of these, 36 were excluded because of incomplete resection, 15 because they had small cell lung cancer or other

type of pathology and 10 with stage IIIB or IV disease (Wu 2002).
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