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Abstract

Purpose of Review The role of this systematic review is to
analyse and compare with a meta-analytic approach the
outcomes of lobectomy versus intentional segmentectomy
in the surgical treatment of stage I non-small cell lung
cancer (NSCLC) as reported in the largest studies on the
subject published to date.

Recent Findings Regarding the results, most of these
studies were based on the retrospective data. The size of
the cohorts varied from 17 to 11,520 with a total number of
31,684 patients. The pooled hazard ratio was 1.08 (95%
CI = 0.97-1.21; p = 0.16).

Summary The survival in the lobectomy group was not
superior to patients treated with intentional segmentectomy
in stage I NSCLC. A large numbered, prospective, ran-
domised trials are needed to assess the feasibility of
intentional segmentectomy and its oncologic value in this
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group of patients, in order to dissolve the questions raised
by retrospective data.
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Introduction

Until recently, segmentectomies were considered to treat
patients with stage I non-small cell lung carcinoma
(NSCLC) only in case of poor pulmonary reserve or car-
diopulmonary limitations because of their parenchyma
sparing-effect. Otherwise, lobectomy with mediastinal
lymph node dissection was the standard treatment of
choice, open or thoracoscopically, depending on the indi-
cation [1, 2].

Recently, the interest of the surgical community has
focused on segmentectomies and their application as pre-
ferred treatment procedures for early-stage lung cancers. In
fact, thoracic surgeons are experiencing an increased
number of patients with small pulmonary lesions, due to
the technical progress of the thoracic imaging and the use
of low-dose computed tomography in screening
programmes.

However, whether the outcome of intentional segmen-
tectomies is comparable with lobectomies in patients with
early-stage NSCLC is still debated in the scientific com-
munity. The role of this systematic review and meta-
analysis is to analyse and compare the overall survival
(OS) and outcomes of lobectomy versus intentional seg-
mentectomy in the surgical treatment of stage I NSCLC as
reported in the largest studies on the subject published to
date.
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Materials and Methods
Search Strategy and Selection Criteria

Systematic computerised searches in the PubMed, Embase,
Cochrane Library databases, and Google Scholar for
studies dated up to 30 April 2017 were performed. The
eligibility criteria were as follows: stage I NSCLC patients;
segmentectomy without wedge resection; comparison of
recurrence free survival, OS between lobectomy and seg-
mentectomy. All reference lists from the studies selected
by electronic searching were scanned to further identify
relevant studies. Meanwhile, the exclusion criteria were
patients in case and control groups treated with different
surgical procedures; papers not published in English; case
reports, abstracts, conference reports or experiments; and
papers without any relevant data that could be extracted for
analysis. The Cochrane’s Collaboration Tool was used to
assess the risk of bias for the primary outcome for included
studies [3]. The risk of bias due to incomplete outcome
data was evaluated at an outcome level, while the risk of
bias due to sequence generation, allocation concealment,
blinding, selective reporting, or funding was assessed at
study level. The risk of bias was assessed by two inde-
pendent reviewers and disagreements were settled by dis-
cussion and consensus.

Data Analysis

Studies were grouped based on study design (randomised
controlled studies and observational studies). A meta-anal-
ysis of overall results was conducted. All analyses were
performed by using the Review Manager 5.3 (Nordic
Cochrane Centre, Copenhagen, Denmark) according to the
recommendation of the Cochrane Collaboration. Hetero-
geneity was measured using x> test and I°. Values of
p < 0.10 or I* > 50% represented substantial heterogeneity.

Results

Twenty-nine studies were included in our systematic review
and meta-analysis [4ee, 5o, Ge, 7o, 8ee Qoo [(ee, [ oo, |20
13ee, 14es, 150, 1600, 17, 18s, 19ee, 2(ee, 2] ee, 220e, 23ee,
24se 25ee DGee 27ee 28ee 2Qee 3(Jes 3]ee 32e¢] Study
characteristics are listed in Table 1. Most of the studies were
based on retrospective data. The size of the cohorts varied
from 17 to 11,520 with a total number of 31,684 patients.
In all HR calculations, the lobectomy was chosen as the
reference. The pooled HR was 1.08 (95%
CI = 0.97-1.21; p = 0.16). The lobectomy group was not
superior to  patients treated with  intentional
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segmentectomy. The Cochrane tests for heterogeneity
showed that »*=30.70 degree of freedom = 29
(p = 0.38); I> = 6%, which did not suggest a significant
inconsistency and heterogeneity between the selected
studies. The combined HR displayed in this figure sug-
gested there was no statistical significance between seg-
mentectomy and lobectomy on OS (Fig. 1).

Discussion

The role of segmentectomy as intentional resection in the
surgical treatment of patients with stage I lung cancer is
still very debated, principally due to the technical advances
of the thoracic imaging and of the minimally invasive
techniques. In order to understand what is stated in the
literature until today, we collected the data from 29 care-
fully selected studies published in PubMed from 1990 to
2017 and performed a meta-analysis by combining the OS
in segmentectomy and lobectomy groups for patients with
early-stage NSCLC.

Overall, the patients who underwent intentional seg-
mentectomies did not have a worse survival than the
patients in the lobectomy group. In particular, a relevant
advantage of lobectomy over segmentectomy on OS in
patients with stage IA lung cancer could not be demon-
strated. Our findings are supported from other studies. Cao
et al. reported the patients with stage I disease treated with
intentional segmentectomies had disease-free survival
outcomes that were not significantly different to those
undergoing lobectomies. On the contrary, patients with
compromised segmentectomies due to reduced cardiopul-
monary reserves had a significantly worse OS than lobec-
tomies [33].

Other published data suggested that segmentectomy
may have better outcomes only for the subgroups of
patients with tumours smaller than 2 cm [34] or in stage IA
[35].

This study presents some limitations as, ideally, indi-
vidual patients data should be used to perform a meta-
analysis, but they are rarely available in these settings.
Hence, a large number of meta-analyses are performed
using data extracted from the literature, which is a well-
accepted form of analysis.

This study does not mention any data about additional
chemotherapy or radiotherapy, which might have influ-
enced the survival of some patients, as these data were not
reported in the analysed papers. It is also reasonable to
affirm, that the authors of the papers subjected to the meta-
analysis have probably selected the surgical strategy prin-
cipally based on the clinical stage, as most of the studies
did not report whether the stage I was clinical or patho-
logical. Similarly, the comparison between procedures
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Table 1 General characteristics of the enrolled studies

Authors Years Sample size Segmentectomy Lobectomy Study design

(1) Read 1990 244 107 131 Retrospective

(2) Warren 1994 173 68 105 Retrospective

(3) Ginsberg 1995 247 122 125 Prospective randomized
(4) Kodama 1997 123 46 71 Retrospective

(5) Bando 2000 213 74 132 Retrospective

(6) Okada 2005 1272 919 258 Retrospective

(7) Koike 2003 223 74 159 Prospective randomized
(8) Keenan 2004 201 54 147 Retrospective

(9) Watanabe 2005 77 20 57 Retrospective

(10) Martin-Ucar 2005 34 17 17 Retrospective

(11) Iwasaki 2007 86 31 55 Retrospective

(12) Okumura 2007 1385 144 1241 Retrospective

(13) Sienel 2007 199 49 150 Retrospective

(14) Yamato 2008 523 153 277 Retrospective

(15) Kilic 2009 184 78 106 Retrospective

(16) Sugi 2010 144 33 111 Intervention study

(17) Nakamura 2011 411 38 289 Retrospective

(18) Yendamuri 2011 3478 797 2681 Retrospective

(19) Hamatake 2012 143 32 67 Retrospective

(20) Cheng 2012 164 64 120 Retrospective

(21) Soukiasian 2012 251 73 178 Retrospective

(22) Yamashita 2011 214 90 124 Retrospective

(23) Zhong 2012 120 39 81 Retrospective

(24) Tsutani 2013 481 98 383 Retrospective

(25) Landreneau 2014 624 312 312 Retrospective (propensity matched)
(26) Dai 2016 15,760 4240 11,520 Retrospective

(27) Razi 2016 1170 119 1051 Retrospective

(28) Nishio 2016 6905 231 231 Retrospective (propensity matched)
(29) Dziedzic 2017 237 164 73 Retrospective

should be more accurate. In fact, the majority of these
studies did not differentiate between systematic, or sam-
pling lymphadenectomy, even if there are differences in
lymph node management and anatomical approach
between the different research groups.

Conclusion

Our meta-analysis showed that patients who underwent
segmentectomies for stage I lung cancer had a similar
survival compared to those who underwent lobectomy.
Considering the most of the data come from heterogeneous,
retrospective studies, the results of this meta-analysis
should be interpreted with prudence.

More evidence is needed to determine the role of seg-
mentectomy in early-stage disease. Particularly, a large
numbered, prospective, randomised trial is needed, which
should answer the questions raised by retrospective data.
Currently, two prospective, randomised, multi-institutional
phase III trials are being carried out by the Japan Clinical
Oncology Group (JCOG 0802) and the Cancer and Leukemia
Group B (CALGB 140503) to determine the efficacy of
intentional segmentectomies for 2-cm peripheral tumours
[36, 37]. The results will probably establish the role of
intentional resection for peripheral early-stage tumours.

In conclusion, our analysis shows that carefully selected
patients with stage I NSCLC may undergo lung-sparing
segmentectomies rather than lobectomies with similar
survival outcomes.
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Segmentectomy Lobectomy

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
Bando 2002 -0,315 0,3495 74 132 2,6% 0,73[0,37, 1,45]

Cheng 2012 -0,21 0,29081 32 32 37% 0,81[0,46, 1,43] .
Dai 2016 0,332 0,2104 4240 11520  6,7% 1,39[0,92, 2,11] —
Dziedzic 2017 0,207 0,1762 233 5911 9,1% 1,23 10,87, 1,74] I
Ginsberg 1995 0,368 0,2157 122 125  6,4% 1,44 10,95, 2,21] ™
Hamatake 2012 0,1989 0,2806 32 77 4,0% 1,22[0,70, 2,11] T
Iwasaki 2007 -0,08338 0,50765 31 55 1,3% 0,92 0,34, 2,49]

Keenan 2004 0,131 10,4158 54 147 1,9% 1,14 0,50, 2,58]

Kilic 2009 -0,2357 0,21683 106 78  6,4% 0,79[0,52, 1,21] -
Kodama 1997 0,1011 0,5732 46 77 1,0% 1,11 [0,36, 3,40]

Koike 2003 0,0773 0,4385 74 159 1,7% 1,08 [0,46, 2,55]

Landreneau 2014 0,46 0,2482 102 117 50% 1,58 [0,97, 2,58] —
Martin-Ucar 2005 -1,0435 0,7071 17 17 0,7% 0,35[0,09, 1,41]

Nakamura 2011 0,239 1 38 289  0,3% 1,27 10,18, 9,02]

Nishio 2016 1,2641 0,5435 118 72 1,1% 3,54 [1,22, 10,27]

Okada 2001 -0,1165 0,7168 68 104  0,6% 0,89 0,22, 3,63]

Okumura 2007 -0,1632  0,3595 67 273 2,5% 0,85[0,42, 1,72]

Razi 2016 -0,02 0,2569 119 1051 4,7% 0,98 [0,59, 1,62] 1
Read 1990 0,3148 0,4184 113 131 1,8% 1,37 10,60, 3,11]

Sienel 2007 1,0402 0,91581 49 150  0,4% 2,83[0,47, 17,03]

Soukiasian 2012 0,2852 1,6735 56 178  0,1% 1,33 [0,05, 35,35]

Sugi 2010 -0,0202 0,25 43 95  4,9% 0,98 (0,60, 1,60] 1
Tsutani 2014 -0,7133  0,3087 98 383  3,3% 0,49 [0,27, 0,90] -
Warren 1994 0,5481 0,5 66 103 1,3% 1,73 10,65, 4,61]

Watanabe 2005 -0,6162 0,89796 20 57 0,4% 0,54 [0,09, 3,14]

Yamashita 2012 0,19886 0,73469 90 124 0,6% 1,22[0,29, 5,15]

Yamato 2008 0,3001 0,4056 153 277 2,0% 1,35[0,61, 2,99]

Yendamuri 2011 0,239 0,27562 162 2599 4,1% 1,27 [0,74, 2,18] T
Zhao 2017 0,1133 0,1376 564 7425 13,7% 1,12[0,86, 1,47] ™
Zhong 2012 -0,1625 0,19388 39 81 7,8% 0,85[0,58, 1,24] -
Total (95% Cl) 7026 31839 100,0% 1,08 [0,97, 1,21] ’
Heterogeneity: Tau? = 0,01; Chi? = 30,70, df = 29 (P = 0,38); 1> = 6% 8'005 0?1 ; 190 206

Test for overall effect: Z = 1,40 (P = 0,16)

Fig. 1 Forest plot of hazard ratio for overall survival impact of
operative approach (segmentectomy vs. lobectomy) of stage I NSCLC
patients. The pooled HR displayed in this figure when compared with
segmentectomy suggested that there was not a significant benefit of
lobectomy on HR of stage 1 patients (HR =1.08 [95%
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