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Introduction

The primary and preferred treatment of early stage non-
small cell lung cancer (NSCLC) remains to be surgical 
resection for eligible candidates. Traditionally, this was 
performed by lobectomy or greater resection procedures (1).  
However, sublobar resections in the form of wedge 
resections or segmentectomies have been reported as an 
alternative surgical technique, especially in patients with 
significant comorbidities or limited pulmonary function. 

Conflicting outcomes for sublobar resections versus 
lobectomies have been reported previously, and the issue 
remains controversial, despite a randomized-controlled trial 
published by the Lung Cancer Study Group (LCSG) in  
1995 (2). Importantly, differences in patient selection and 
baseline characteristics in the two treatment groups have obscured 
the evidence for these surgical approaches. It is important to 
recognize that survival outcomes of patients who were allocated 
to sublobar resections due to significant comorbidities rather than 
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intentional selection must be vastly different, and any analysis 
must take into account of the patient selection process to 
either the lobectomy or sublobar resection groups. 

The aim of the present meta-analysis was to compare 
the overall survival (OS) and disease-free survival (DFS) 
outcomes of patients who underwent either a lobectomy 
or a sublobar resection in a population that could have 
tolerated either procedure. That is, assessing patients who 
were intentionally allocated to the sublobar resection group 
rather than deemed inoperable by the lobectomy approach. 
A subgroup analysis was performed to compare the OS of 
segmentectomy versus lobectomy in this study cohort.

Methods

Literature search strategy

A systematic electronic search was performed using 
Ovid Medline, EMBASE, Cochrane Central Register of 
Controlled Trials, Cochrane Database of Systematic Reviews, 
and Database of Abstracts of Review of Effectiveness from 
their dates of inception to December 2013. To achieve the 
maximum sensitivity of the search strategy and identify all 
potentially relevant studies, we combined “segmentectomy” 
or “sublobar” or “limited” or “sublobectomy” or “wedge 
resection” as Medical Subject Headings (MeSH) terms or 
keywords with “lobectomy” and “survival” or “mortality” and 
“NSCLC” or “lung cancer”. All relevant articles identified 
were assessed with application of predefined selection criteria. 

Selection criteria

Eligible studies included those in which comparative 
outcomes were presented for patients with early-stage 
NSCLC who underwent sublobar resections or lobectomies. 
Sublobar resections included anatomical segmentectomies 
or wedge resections, and subgroup analysis was performed 
for segmentectomies when data was available. To minimize 
differences between baseline patient characteristics, studies in 
which patients were allocated to the sublobar resection group 
due to increased comorbidities were excluded from analysis. 
When centers published duplicate trials with accumulating 
numbers of patients or increased lengths of follow-up, only 
the most updated reports were included for qualitative 
appraisal. When data were presented separately for different 
stages of disease, early-stage NSCLC were selected where 
possible. All publications were limited to human subjects 
and in English language. Abstracts, case reports, conference 

presentations, editorials and expert opinions were excluded. 

Data extraction and critical appraisal

The primary outcomes included OS and DFS. All data 
were extracted from article texts, tables, and figures. Two 
investigators (D.C. and S.G.) independently reviewed each 
retrieved article. Discrepancies between the two reviewers 
were resolved by discussion and consensus. The final results 
were reviewed by the senior investigators (C.C. and T.D.Y.).

Statistical analysis

Meta-analysis was performed by combining the results of 
reported OS and DFS. Hazard ratio (HR) and associated 
variance were obtained or calculated from each selected 
study using techniques described by Tierney and Parmar 
(3,4). When direct calculations were not possible due to a 
lack of presented data, HRs were estimated using Kaplan-
Meier graphs. Calculations were performed independently 
by two researchers (C.C. and D.H.T.) and discrepancies were 
discussed to reach consensus. The summary statistical analysis 
was conducted with Review Manager Version 5.1.2 (Cochrane 
Collaboration, Software Update, Oxford, United Kingdom). I2 
statistic was used to estimate the percentage of total variation 
across studies, due to heterogeneity rather than chance. 

Results

Quantity and quality of trials

A total of 1,387 records were identified through the five 
electronic database searches, with three additional studies 
identified through other sources. After removal of duplicates 
and limiting the search to humans and English language, 
913 articles remained to be screened. Exclusion of irrelevant 
studies resulted in 145 articles, which were retrieved for 
more detailed evaluation. After applying the selection 
criteria, 12 articles remained for assessment, including 1,078 
patients who underwent sublobar resections and 1,667 
patients who underwent lobectomies (2,5-15). A summary of 
the search strategy is presented in Figure 1 and a review of 
study characteristics is presented in Table 1. Baseline patient 
characteristics included in the present meta-analysis appeared 
to show similar age and gender distribution between the two 
surgical treatment groups. However, tumor size was found to 
be generally smaller in the patients who underwent sublobar 
resection. A summary of these findings are presented in 
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Table 2. Adenocarcinomas accounted for the majority of 
pathological findings in all of the included studies, and nearly 
all studies were limited to stage I disease. A summary of 
histopathological and staging data for the selected studies is 
presented in Tables 3 and 4, respectively. 

Of the twelve studies identified for inclusion in the present 
meta-analysis, one study was a randomized controlled trial that 
compared 122 patients who underwent sublobar resections 
with 125 patients who underwent lobectomy (2). The 
remaining 11 studies were observational comparative studies, 
including three studies that reported prospectively collected 
data (10,11,15). One recent report by Tsutani et al. utilized 
propensity score analysis to adjust for potential differences 
in patient characteristics between the segmentectomy and 
lobectomy treatment groups (15). Reported median follow-up 
periods ranged from 30 to 98 months, but there was variation 
according to the treatment group and a lack of routine imaging 
to detect disease recurrence. Individual studies were also 
limited by the population size, which was generally less than 

150 patients in each treatment arm, as summarized in Table 1.

Sublobar resections vs. lobectomies

Using the available data in the existing literature, 12 
studies involving 1,078 patients who underwent sublobar 
resections were compared to 1,667 patients who underwent 
lobectomies to assess the OS from the date of surgery. 
The combined HR for OS was 0.91 [95% confidence 
interval (CI) 0.64-1.29; P=0.61], as shown in Figure 2. DFS 
was reported in five studies involving 600 patients who 
underwent sublobar resections and 1,039 patients who 
underwent lobectomies. Comparative data demonstrated no 
significant differences as the HR for DFS was 0.82 (95% CI 
0.60-1.12; P=0.21), as shown in Figure 3. 

Segmentectomies vs. lobectomies

A subgroup analysis was performed for segmentectomies 

Figure 1 Summary of search strategy performed to identify relevant comparative studies on sublobar resections vs. lobectomies for early-
stage NSCLC. NSCLC, non-small cell lung cancer.
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Table 2 A summary of patient baseline characteristics in comparative studies on sublobar resection versus lobectomy for patients with 
NSCLC

Author
Age (mean) Male gender, n [%] Mean tumor size (cm)

Sublobar Lobectomy Sublobar Lobectomy Sublobar Lobectomy

Read (5) 62.4±7.5 242 [99] 2.03±0.6

Warren (6) 63.9±9.8 63.8±9.9 44 [67] 67 [65] 2.23±0.97 3.28±1.71

Ginsberg (2) >60M >60M 149 [61] ≤3

Kodama (7) 61M 61M 31 [67] 46 [60] 1.67±0.50 2.29±0.52

Koike (8) 64.2±7.2 65.3±9.5 38 [51] 80 [50] 1.5±0.4 1.7±0.4

Okada (9) 63.2 64 167 [55] 146 [56] 1.57 1.62

Kodama* (10) 60M 90 [50] NR NR

Sugi (11) 61.6±9.4 64.8±9.4 19 [44] 31 [33] 1.42±0.44 2.33±0.69

Ichiki (12) 67.9 67.1 15 [43] 64 [56] <2 <2

Yamashita (13) 69M 68M 41 [46] 73 [59] 1.5M 2.0M

Hamatake (14) 64 62 [43] 0.8

Tsutani (15) 67M 66M 45 [46] 169 [44] 1.7M 2.2M

Data is presented as numbers with percentage of study population in brackets. NSCLC, non-small cell lung cancer; M, median; 

NR, not reported; *, baseline characteristics in this study included patients operated on for reasons other than NSCLC.

versus lobectomies, which included seven studies involving 
551 patients in the segmentectomy group and 999 patients 
who underwent lobectomies. There was no statistically 
significant difference between the two surgical intervention 
groups, and the combined HR for OS was 1.04 (95% CI 
0.66-1.63, P=0.86), as shown in Figure 4. 

Discussion

The selection of the appropriate surgical resection 
procedure for patients with small, peripheral NSCLC 
remains controversial. On one hand, lobectomy is commonly 
considered to be the standardized approach to achieve 
long-term oncological efficacy and minimize the risks 
of local recurrence (16). Conversely, sublobar resections 
have been demonstrated to preserve lung function without 
compromising DFS (9). Unfortunately, the presentation 
of the clinical evidence on long-term outcomes has been 
unclear, partly due to the collation of clinical data without 
considering the variable patient selection processes of 
comparative studies. The primary focus of the present meta-
analysis was to compare patients who underwent sublobar 
resections who were also eligible for lobectomy procedures. 
Patients who underwent segmentectomy or wedge resection 
because they were considered too frail or had insufficient 
lung capacity for lobectomy resection were excluded from 
analysis. This analytical approach for NSCLC has not been 

performed previously in the medical literature. 
According to our findings, patients who intentionally 

underwent sublobar resections did not demonstrate any 
significant OS or DFS differences compared to patients 
who underwent lobectomy. Furthermore, patients who 
underwent segmentectomy also had similar survival 
outcomes compared to the lobectomy approach. It is 
important to emphasize that patients included in the 
individual comparative studies selected for the present 
analysis generally had early-stage NSCLC and often 
with ground glass opacities. This cohort of patients is 
increasingly being diagnosed after the initiation of more 
aggressive and accurate imaging screening programs in 
selected countries (17,18). In addition, the level of evidence 
was relatively low, with only one RCT and the rest of 
the studies consisting of level IV evidence. Our findings 
contradict previous meta-analyses that combined patients 
who underwent sublobar resections due to significant 
comorbidity or limited pulmonary functions with those 
who underwent intentional resection for comparison with 
lobectomy procedures (19,20).

The only completed randomized controlled trial was 
conducted by the LCSG from 1982 to 1988 (2). Computed 
tomography was not routinely performed and positron 
emission tomography was not available. In addition, 
T1N0 criteria at the time included tumors less than 3 cm, 
and patients who underwent sublobar resections were 
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not differentiated between segmentectomies and wedge 
resections. Furthermore, data was unavailable for almost 
a third of the patients, and the initial presented data were 
inaccurate, as highlighted by a recent letter by Detterbeck (21). 
The updated results of this study found lobectomy to confer 
a significant survival benefit as well as a decrease in the 
recurrence rate compared to the sublobar resection group. 
Despite its many limitations, results of the LCSG study 
formed the basis of many current guidelines.

More recently, a number of case series reports have 
demonstrated encouraging outcomes for patients undergoing 

sublobar resections following strict patient selection 
protocols. A number of Japanese studies have shown that 
patients with small, peripheral lesions with various degrees 
of GGO can achieve similar or superior survival outcomes  
(10-12,14). These results have revived interest in the debate 
of lobectomy versus sublobar resections in T1N0M0 
NSCLC. Currently, RCTs are underway to compare patients 
who undergo segmentectomy (22) or sublobar resection 
(CALGB 140503) versus lobectomy. Outcomes of these 
trials will no doubt have a strong impact on the surgical 
management of patients with small, peripheral NSCLC. 

Figure 2 Overall survival: sublobar vs. lobectomy. CI, confidence interval.

Figure 3 Disease-free survival: sublobar vs. lobectomy. CI, confidence interval.

Figure 4 Overall survival: segmentectomy vs. lobectomy. CI, confidence interval.
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Furthermore, in an era of growing enthusiasm for minimally 
invasive surgery, the comparison of clinical outcomes after 
video assisted thoracoscopic (VATS) sublobar resections 
versus VATS lobectomies may be of immense value.
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