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Background: Whether segmentectomy is appropriate for stage IA non-small cell lung cancer (NSCLC),
especially for stage IA NSCLC with a tumor size of 2-3 cm, remains controversial. Thus, we conducted this
meta-analysis to compare segmentectomy and lobectomy for stage IA NSCLC with a tumor size of 2-3 cm
and TA <2 em NSCLC.

Methods: A systematic screening of online databases (PubMed, Embase, Web of Science, and Cochrane
Library) was conducted regarding the terms of perioperative outcomes, overall survival (OS), recurrence-free
survival (RFS), and disease-free survival (DFS). The inverse-variance and Mantel-Haenszel approaches were
used to pool effect sizes for survival outcomes and perioperative outcomes.

Results: A total of 10 articles were included in the analysis. The perioperative morbidity [risk ratio (RR):
0.90, P=0.10], mortality (RR: 0.94, P=0.84), intraoperative blood loss [mean difference (MD): 3.07, P=0.86]
and operative time (MD: 18.99, P=0.13) were comparable between the segmentectomy and lobectomy
groups. The number of lymph nodes harvested was statistically less in segmentectomy than in lobectomy
(MD: -5.71, P=0.02). In stage IA patients with a tumor size of 2-3 cm, lobectomy showed superior survival
outcomes compared to segmentectomy, with a pooled hazard ratio (HR) of 1.39 (P=0.01) for OS and 1.38
(P=0.06) for RFS or DFS. In stage IA <2 cm, lobectomy and segmentectomy had comparable survival
outcomes with pooled HRs of 1.18 (P=0.29) for OS and 1.18 (P=0.12) for RFS or DFS.

Conclusions: When a patient is in stage IA and the tumor size is less than 2 cm, segmentectomy should be

performed. If the tumor size is between 2 and 3 cm, lobectomy is recommended.
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Introduction

Lung cancer is one of most common cancers worldwide and
the major cause of cancer-related deaths in both the United
States and China in 2022 according to cancer statistics (1).
Surgical treatment is the first choice for early-stage non-
small cell lung cancer (NSCLC). Lobectomy became the
standard treatment for early-stage lung cancer following the
randomized controlled trial (RCT) by Ginsberg et al. (2)
in 1995. The prevalence of computed tomography (CT)
screening equipment has led to an increase in the detection
of small peripheral pulmonary nodules, particularly ground
glass nodules (GGNs), which has decreased tumor-related
fatalities (3). Sublobectomy, particularly segmentectomy, has
regained the interest of thoracic surgeons in recent years.
In fact, anatomical sublobectomy (segmentectomy) allows
for more precise removal of the cancerous tissue compared
to nonanatomical sublobectomy (wedge resection),
which can lead to better survival outcomes and increased
chances of cure (4,5). Many studies (6-10) have shown that
segmentectomy is not inferior to lobectomy for peripheral
lung GGNs of 2 c¢cm or less. In addition, segmentectomy
preserves more lung function than lobectomy (11-13).
The multicenter RCT by the Japan Clinical Oncology
Group and West Japan Oncology Group [JCOG0802/
WJOG4607L (14)] showed that the overall survival (OS)
of the segmentectomy group was better than that of the
lobectomy group. However, the lobectomy group reported
more deaths due to other diseases, and the local recurrence
rate of the segmentectomy group was significantly higher
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* Lobectomy showed superior OS, RFS, and DFS outcomes
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is recommended for stage TA patients with tumor size of 2 to 3 cm.
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than that of the lobectomy group. Some studies (15-18)
have shown lobectomy has a survival advantage over
segmentectomy for stage IA NSCLC, especially tumors
2-3 cm in size (17).

Thus, it is still controversial whether segmentectomy
is appropriate for stage IA NSCLC, especially for stage
IA NSCLC with a tumor size of 2-3 cm. To draw further
conclusions, we performed this systematic review and meta-
analysis to compare segmentectomy and lobectomy for
stage IA of 2-3 cm and IA <2 cm lung cancer in terms of
perioperative outcomes (perioperative morbidity, 30- or
90-day mortality, intraoperative blood loss, operative time
and mean number of lymph nodes harvested) and survival
outcomes [OS, recurrence-free survival (RFS), or disease-
free survival (DFS)]. We present this article in accordance
with the PRISMA reporting checklist (available at https://
jtd.amegroups.com/article/view/10.21037/jtd-23-410/rc).

Methods
Search strategy

Two investigators independently searched online databases,
including PubMed, Embase, Web of Science, and Cochrane
Library, for relevant articles published until December
2022. The medical subject headings and entry terms used
were as follows: “Lung Cancer OR Lung Neoplasms
OR Pulmonary Neoplasms OR Pulmonary Cancer”,
“segmentectomy OR segment resection OR sublobectomy
OR sublobar resection”, “lobectomy”, and “randomized
controlled trials (RCTs) OR prospective OR retrospective”.
The comprehensive search strategy of PubMed is explained
in Table S1. The other databases also used similar search
terms. In addition, the literature of the included articles
were also searched to identify additional potential articles.

Selection criteria

The selection criteria for the included studies were as
follows: (I) the patients with clinical stage IA NSCLC were
included; (II) written in English; (IIT) the study compared
segmentectomy and lobectomy with the reported results
of perioperative and/or 5-year survival outcomes; (IV) the
survival outcomes should include at least one of 5-year
DFS, 5-year RFS, and 5-year OS; (V) to reduce potential
selection and other confounding biases, the study design of
a RCT or case-control (prospective or retrospective) trial
with propensity score matching was included; (VI) the full
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text of the studies can be downloaded.

"To prevent duplication of the same data, only the most
recent study from the Surveillance, Epidemiology, and End
Results (SEER) database was included. Articles with 3-year
survival outcomes were excluded. Letters to the editor,
reviews, case reports, meta-analyses, trial protocols, meeting
abstracts, and animal studies were excluded.

Date extraction

The first step was to use Endnote (version X9.3.2, Clarivate
Analytics, USA) to delete duplicates. Irrelevant literature
was excluded by reading titles and abstracts according to the
selection criteria above. Afterwards, the full content was read
to further exclude literature that did not meet the selection
criteria. These processes were completed independently by
two investigators. When there were inconsistencies in the
screening results, the third investigator decided whether
to include the study in light of the selection criteria. The
characteristics of interest extracted from final articles
included name of first author, year, study design, sex, age,
lung cancer stage, tumor size, number of patients who
underwent segmentectomy and lobectomy, perioperative
morbidity, 30- or 90-day mortality, intraoperative blood loss,
operative time, mean number of lymph nodes harvested,
S-year DFS, 5-year RFS, and 5-year OS. The baseline
characteristics of all included studies were well balanced in all
retrospective postmatched and prospective studies.

Quality and risk of bias assessment

Two investigators independently assessed the quality of
the included studies via the Methodological Index for
Nonrandomized Studies (MINORS) items. Each of the
12 entries in MINORS is graded from 0 to 2 points,
for a total of 24 points. Literature with a score of 0-8
was of low quality, 9-16 was of moderate quality, and
17-24 was of high quality. Studies with a score of less than
12 were not included in the meta-analysis. The risk of bias
assessment included the following six aspects: selection bias,
performance bias, detection bias, attrition bias, reporting
bias and other bias. Bias assessment was performed by
Review Manager (version 5.3 for Windows, Cochrane

Collaboration, Oxford, UK).

Statistical analysis

Review Manager and Stata (version 14.0, Stata Corp,
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College Station, USA) were used to pool effect sizes,
calculate the bias of publication and perform sensitivity
analysis. Egger’s test was used to assess publication bias,
with P<0.1 showing significant publication bias. Mean
difference (MD), risk ratio (RR), and hazard ratio (HR)
with 95% confidence intervals (CIs) were used to calculate
continuous variables, dichotomous variables, and survival
outcomes, respectively. The inverse variance-weighted and
Mantel-Haenszel approaches were used to pool HR, MD,
and RR for survival outcomes, continuous variables, and
dichotomous variables, respectively. P<0.05 was considered
to be significant. If direct means and standard deviations
were not available in the full text for extraction, calculations
were performed by sample size, median, interquartile range,
or range as provided by Luo and Shi ez /. (19,20). If the HR
data could not be extracted directly from the articles, the
HR was calculated by extracting the data from the survival
curves using Engauge Digitizer (version 11.0) and Microsoft
Excel (version 16.49) according to the method of Tierney
et al. (21). The Higgins I’ statistics, which are calculated
by the i’ test, were used to assess the heterogeneity among
the included studies. If I’<50% and P>0.1, there was
homogeneity among studies, and the fixed effect model
was used; if I’<50% and P<0.1, there was acceptable
heterogeneity among the included studies, and the fixed
effect model was used as well. When I’>50% and P<0.1, the
included studies exhibited a large degree of heterogeneity,
and the random effect model was used to pool the data.

Subgroup analysis

To draw more representative conclusions, we divided the
population of included studies into two subgroups (one was
stage IA of 2-3 cm, and the other was stage IA <2 cm) to
pool survival effect size according to tumor size.

Results
Included studies

After searching databases including PubMed, Embase, Web
of Science, and Cochrane Library, a total of 10 (14-17,22-27)
articles were included for the final analysis from the initial
1,209 articles. The screening process is detailed in Figure 1.
There were 8 retrospective studies with propensity score
matching (15-17,22-26) and 2 RCTs (14,27). Six articles
focused on stage IA <2 cm lung cancer, and only one article
focused on stage IA of 2-3 cm lung cancer; the other three
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Identification of studies via databases and registers

from databases (n=1,200) and other

registers (n=9)

Databases including:
PubMed (n=463), Web of Science
(n=288), Embase (n=220), Cochrane
Library (n=229)

Identification

A total of 1,209 records were identified

Duplicate records removed

(n=559)

Y

Records screened
(n=650)

Records excluded after reading title

Y

and abstract (n=619)

Reasons for exclusion:
Meta, review, case report, letter, trial
protocol, meeting abstract (n=235)
Irrelevant topic (n=384)

Screening

Reports sought for retrieval
(n=31)

Reports not retrieved

(n=0)

Y

Reports assessed for eligibility
(n=31)

Reports excluded (n=21):

Y

Reports of included studies
(n=10)

Included

* Retrospective studies without
propensity score matching or the
data sources were duplicated (n=11)

* Outcome indicators were
inconsistent (n=5)

e Stage | lung cancer (n=5)

* etc.

Figure 1 PRISMA literature screening flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

articles performed subgroup analysis for stage IA lung cancer,
which was consistent with our meta-analysis. Table 1 presents
the characteristics of the 10 articles in detail. The baseline
parameters of all included studies were statistically balanced
between the segmentectomy group and the lobectomy group.
The detailed results of bias analyses are shown in Figures 2,3.
The MINORS tool was used for quality assessment of the
included articles. Four articles were graded as moderate
quality, and six were graded as high quality (7able 2). The
10 articles involved a total of 4,935 patients, with
2,344 patients who undergoing segmentectomy and
2,591 patients who undergoing lobectomy.

Perioperative outcomes

A total of 9 studies reported data on perioperative
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morbidity and 30- or 90-day mortality. Heterogeneity
was not detected among these studies (I'=21%, P=0.28;
I’=0%, P=0.96, respectively). The results of the meta-
analysis showed that the combined RR for perioperative
morbidity was 0.90 (95% CI: 0.79-1.02, P=0.10). The 30-
or 90-day mortality was 0.94 (95% CI: 0.52-1.70, P=0.84)
(Figure 4). Egger’s test showed that publication bias could
not be found, with P=0.616 and P=0.880 for perioperative
morbidity and 30- or 90-day mortality, respectively.

Three articles reported data on intraoperative blood loss
and operative time. Apparent heterogeneity across included
studies was detected (I’=63%, P=0.07; I’=91%, P<0.0001),
so a random effect model was used to pool the data. The
results of the meta-analysis showed that the intraoperative
blood loss and operative time of the segmentectomy
and lobectomy groups were comparable, with a MD of

7 Thorac Dis 2023;15(8):4292-4305 | https://dx.doi.org/10.21037/jtd-23-410
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No. of lymph 30- or 90-da 5-year DFS, HR
Author Year Study Stage Sea.n Lob. n Tumor size* (cm), Sex* (male/female), seg Age* (years), seg vs. lob Blood loss* (mL), seg  Operative time* nodes Postoperative mortality* sey 5-year RFS, HR (seg (seyvs lob) ’ 95% 5-year OS, HR (seg
design 9 9 ’ seg vs. lob vs. lob gl » SEQVS. vs. lob (min), seg vs. lob  harvested*, seg morbidity*, seg vs. lob vs I)(lJb 9 s lob), 95% Cl) 9 .CI) 727 s, lob), 95% Cl)
vs. lob ’
Yamashita et al. (22) 2012 PM,RS [|A<2cm 76 72  1.5[0.7-3.0] vs. 41/49 vs. 73/51 69 [31-87] vs. 68 [50-90] 132+181 vs. 202+437 257+91 vs. 27682 12.1+9.4 vs. 17 (18.9) vs. 28 (22.6) Not reported - 1.39 (0.28-7.02)  1.49(0.12-2.548)
IA>2 cm 14 52 2.0[0.9-3.0] 2191 1.31 (0.43-4.01) 1.28 (0.24-6.79)
Deng et al. (16) 2014 PM,RS I|A<2cm 74 222 - 37/37 vs. 110/112 69.8+11.9 vs. 69.8+10.1 Not reported Not reported Not reported 68 (32.1) vs. 250 (39.3) 1 (0.4) vs. 2 (0.3) - 1.72 (0.95-3.09) 1.80 (0.96-3.38)
IA>2 cm 31 93 - 17/14 vs. 48/45 71.5+8.1 vs. 71.4x7.7 Not reported Not reported Not reported 1.93 (0.99-3.77) 1.92 (0.84-4.36)
Khullar et al. (15) 2015 PM,RS IA<2cm 987 987 1.46+0.40 vs. - - Not reported Not reported Not reported Not reported 15 (1.55) vs. 16 Not reported Not reported 1.45 (1.10-1.91)
1.52+0.39 (1.6)
Kodama et al. (23) 2016 PM,RS [|A<2cm 69 69 1.5+0.4 vs. 33/36 vs. 32/37 62.6+7.81 vs. 62.1+9.52 Not reported Not reported Not reported Not reported Not reported 1.42 (0.24-8.28) - 0.69 (0.24-1.95)
1.67+0.3
Nishio et al. (25) 2016 PM,RS IA<2cm 59 59 1.7[1.3-1.8]vs. 38/21 vs. 38/21 64 [58-71] vs. 61 [657-  161+£128 vs. 132+96 191+47 vs. 148+29  Not reported Not reported Not reported - 1.65 (0.89-3.08) 1.43 (0.64-3.20)
1.7 [1.4-1.8] 70.5]
Koike et al. (24) 2016 PM,RS I|A<2cm 87 87 1.6[0.6-2.0] vs. 51/36 vs. 48/39 68 [42-83] vs. 68 [37-81] Not reported Not reported 1046 vs. 16+8 Not reported Not reported - 1.08 (0.63-1.88) 0.99 (0.54-1.82)
1.6 [0.8-2.0]
Chan et al. (26) 2020 PM,RS [IA>2cm 90 90 - 44/46 vs. 132/147 71.5+8.6 vs. 68.8+9.1 Not reported Not reported 10+1vs. 18 +1 23 (25.8)vs. 104 (37.3) 1(1.1),2(2.2)vs. 1.23(0.82-1.85) - 1.23 (0.91-1.82)
5(1.8%), 6 (2.1)
Saji et al. (14) 2022 MRCT IA<2cm 552 554 1.6 [0.6-2.0] vs. 290/262 vs. 293/261 67 [32-83] vs. 67 [35-85] 60+131vs. 59+147 20461 vs. 179+£82 18+11vs. 18+7 148 (26.8) vs. 142 (25.6) Not reported  0.998 (0.753-1.323) - 0.663 (0.474-0.927)
1.6 [0.6-2.0]
Shao et al. (17) 2022 PM,RS I|A>2cm 78 78 - 107/147 vs. 1,642/1,335 - Not reported Not reported Not reported Not reported Not reported Not reported Not reported  1.578 (0.9865-2.525)
IA1-2cm 138 138 1.895 (1.332-2.697)
IA <1 cm 36 36 1.287 (0.6264-2.644)
Stamatis et al. (27) 2022 MRCT IA<2cm 53 54 1.5[0.5-2.5]vs. 32/21 vs. 30/24 69 [42-80] vs. 66 [52-79] Not reported Not reported Not reported 7 (18.2) vs. 7 (13.0) Not reported - 1.50 (0.60-3.76) 0.61 (0.23-1.66)
1.5[0.6-2.0]

*, data are presented as median [range], mean + SD, n, or n (%). Seg, segmentectomy; lob, lobectomy; RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence interval; DFS, disease-free survival; OS, overall survival; PM, propensity match; RS, retrospective study; MRCT, multicenter randomized
controlled trial; SD, standard deviation.
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

Figure 2 Risk of bias summary: review author’s judgments about each risk of bias item of each included study. The risk of bias assessment

included six aspects: random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and

personnel (performance bias), incomplete outcome data (attrition bias), selective reporting (reporting bias), and other bias. +, low risk; -,

high risk; ?, unclear risk.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

0% 25% 50% 75%  100%

. Low risk of bias D Unclear risk of bias . High risk of bias

Figure 3 Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.

3.07 (95% CI: -29.99 to 36.13, P=0.86) for intraoperative
blood loss and a MD of 18.99 (95% CI: -5.71 to 43.68,
P=0.13) for operative time (Figure 5). Egger’s test showed
that publication bias could not be found, with P=0.735 and
P=0.780 for intraoperative blood loss and operative time,
respectively.

Four articles reported data on the mean number of
lymph nodes harvested. A random effect model was used to
pool data due to heterogeneity across the included studies
(1’'=99%, P<0.00001). The number of lymph nodes harvested
was lower in segmentectomy patients, with a statistically
significant MD of -5.71 (95% CI: -10.38 to -1.04, P=0.02,
Figure 5). Egger’s test showed that publication bias could

© Journal of Thoracic Disease. All rights reserved.

not be found with P=0.228.

Five-year OS

A total of 10 studies reported data on the 5-year OS for stage
IA of 2-3 cm and TA <2 em NSCLC. Heterogeneity among
these studies was detected (I’=53%>50%, P=0.01<0.1), and
a random effect model was applied. There was a significant
difference in overall 5-year OS with a pooled HR of 1.26
(95% CI: 1.01-1.57, P=0.04), indicating the inferiority
of segmentectomy. The subgroup analysis showed that a
significant difference was not found for IA <2 cm NSCLC,
with a combined HR of 1.18 (95% CI: 0.87-1.60, P=0.29).

7 Thorac Dis 2023;15(8):4292-4305 | https://dx.doi.org/10.21037/jtd-23-410
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S y Lobectomy Risk Ratio Risk Ratio
i H. Fi o -H, Fixed. 95% CI

1.1.1 perioperative morbidity
Yamashita et al 2012 17 90 28 124 64% 0.84[0.49, 1.43] 2012 /1
Deng et al 2014 68 212 250 636 33.8% 0.82[0.66, 1.02] 2014 il
Chan et al 2020 23 90 104 279 13.7% 0.69[0.47, 1.01] 2020 ™
Saji et al 2022 148 552 142 554 38.3% 1.05[0.86, 1.27] 2022
Stamatis et al 2022 7 53 7 54 1.9% 1.02[0.38, 2.71] 2022 +
Subtotal (95% CI) 997 1647  94.0% 0.90 [0.79, 1.02]
Total events 263 531
Heterogeneity: Chi? = 5.05, df =4 (P = 0.28); I? =21%
Test for overall effect: Z = 1.64 (P = 0.10)
1.1.2 30- or 90-day mortality
Deng et al 2014 1 212 2 636 0.3% 1.50 [0.14, 16.46] 2014
Khullar et al 2015 15 987 16 987 4.3% 0.94[0.47, 1.89] 2015 -1
Chan et al 2020 1 90 5 2719 07% 0.62[0.07, 5.24] 2020
Chan et al 2020 2 90 6 279 0.8% 1.03[0.21, 5.03] 2020
Subtotal (95% CI) 1379 2181 6.0%  0.94[0.52, 1.70] -
Total events 19 29
Heterogeneity: Chiz = 0.31, df = 3 (P = 0.96); I* = 0%
Test for overall effect: Z=0.20 (P = 0.84)
Total (95% Cl) 2376 3828 100.0% 0.90 [0.79, 1.02]
Total events 282 560 ) ) ) )
Heterogeneity: Chi? = 5.39, df =8 (P = 0.72); I? = 0% '0_01 0:1 1 1‘0 100’

Test for overall effect: Z=1.63 (P = 0.10)
Test for subgroup differences: Chi? = 0.02. df = 1 (P = 0.88). P = 0%

Figure 4 Forest plot for perioperative morbidity and 30- or 90-day

Mantel-Haenszel; CI, confidence interval.

Favours [segmentectomy] Favours [lobectomy]

mortality of segmentectomy vs. lobectomy in the studies analyzed. M-H,

tomy Lobectomy Mean Difference Mean Difference
r I Mean D _Total Mean D Total Weigh IV, Random, 95% CI IV. Random. 95% Cl
1.2.1 Intraoperative blood loss
‘Yamashita et al 2012 132 181 90 202 437 124 11.9% -70.00[-155.52,15.52] ¢
Saji et al 2022 60 131 552 59 147 554 50.6% 1.00 [-15.41, 17.41]
Nishio et al 2016 161 128 118 132 96 72 37.5% 29.00 [-3.02, 61.02]
Subtotal (95% Cl) 760 750 100.0% 3.07 [-29.99, 36.13]
Heterogeneity: Tau? = 491.84; Chi* = 5.34, df =2 (P = 0.07); I = 63%
Test for overall effect: Z = 0.18 (P = 0.86)
1.2.2 Operative time
Yamashitaetal2012 257 91 90 276 82 124 28.2%  -19.00 [42.70, 4.70] =
Saji et al 2022 204 61 552 179 82 554 364%  25.00[16.48, 33.52] —a
Nishio et al 2016 191 47 118 148 29 72 354%  43.00[32.19, 53.81 —&—
Subtotal (95% CI) 760 750 100.0%  18.99 {-5.71, 43.68]] e
Heterogeneity: Tau? = 417.47; Chi? = 22.98, df =2 (P < 0.0001); ?=91%
Test for overall effect: Z = 1.51 (P = 0.13)
1.2.3 Number of lymph nodes harvested
Yamashita et al 2012 12 9 90 21 9 124 241% -9.00 [-11.44, -6.56] L
Chan et al 2020 10 1 90 18 1 279 258% -8.00 [-8.24, -7.76] L)
Koike et al 2016 10 6 87 16 8 87 24.6% -6.00 [-8.10, -3.90] L]
Saiji et al 2022 18 11 552 18 7 554 255% 0.00 [-1.09, 1.09]
Subtotal (95% Cl) 819 1044 100.0%  -5.71[-10.38, -1.04] L 2
Heterogeneity: Tau? = 21.98; Chi? = 202.07, df = 3 (P < 0.00001); I* = 99%
Test for overall effect: Z = 2.40 (P = 0.02)
Test for subgroup differences: Chi? =3.93. df =2 (P = 0.14). P =49.1% ! 4 4 4
-100 -50 0 50 100

Favours [segmentectomy] Favours [lobectomy]

Figure 5 Forest plot for perioperative outcomes of the segmentectomy vs. lobectomy in the studies included. SD, standard deviation; IV,

inverse variance; CI, confidence interval.

The OS difference for stage IA of 2-3 cm was statistically
significant (HR =1.39, 95% CI: 1.07-1.81, P=0.01), with
lobectomy showing a survival benefit (Figure 6). Egger’s test
showed that there was no publication bias, with P values

of 0.533 and 0.712 for IA (2-3 cm) and TA <2 em NSCLC,
respectively.

© Journal of Thoracic Disease. All rights reserved.

Five-year DFS or RFS

A total of 8 studies reported results of the 5-year DFS
or RFS for stage IA of 2-3 c¢cm and IA <2 cm NSCLC.
Heterogeneity was not detected among these studies (I’=0%,

P=0.70), and a fixed effect model was applied. There was a
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Hazard Ratio Hazard Ratio
% CI IV, Random, 95% Cl

1.2.2 5-year OS in stage IA (2-3cm)
Chan et al 2020 0.207 0.177 11.8% 1.23[0.87, 1.74] ™
Deng et al 2014 0652 042 51% 1.92[0.84, 4.37] T
shao et al 2022 0456 0.239 9.6% 1.58 [0.99, 2.52] -
Yamashita et al 2012 0247 1.03 1.1% 1.28 [0.17, 9.64]
Subtotal (95% Cl) 27.7% 1.39[1.07, 1.81] L 4

Heterogeneity: Tau? = 0.00; Chi? = 1.36, df =3 (P = 0.72); = 0%
Test for overall effect: Z = 2.47 (P = 0.01)

1.2.3 5-year OS in Stage IA ( <2cm)

Deng et al 2014 0588 0.321 7.2% 1.80 [0.96, 3.38] —
Khullar et al 2015 0.372 0.141 13.2% 1.45[1.10, 1.91] -
Kodama et al 2016 0371 0534 36% 0.69 [0.24, 1.97] R
Koike et al 2016 001 031 74% 0.99 [0.54, 1.82] B
Nishio et al 2016 0.358 0411 53% 1.43[0.64, 3.20] 1T
Saji et al 2022 0411 0171 12.1% 0.66 [0.47, 0.93] -
shao et al 2022 0252 0.367 6.1% 1.29 [0.63, 2.64] .
shao et al 2022 0639 0.179 11.8% 1.89 [1.33, 2.69] —_
Stamatis et al 2022 0494 0504 3.9% 0.611[0.23, 1.64] R
Yamashita et al 2012 0.399 0779  1.9% 1.49[0.32, 6.86] S P —
Subtotal (95% Cl) 72.3% 1.18 [0.87, 1.60] >

Heterogeneity: Tau? = 0.13; Chi? = 25.46, df = 9 (P = 0.003); I> = 65%
Test for overall effect: Z = 1.06 (P = 0.29)

Total (95% Cl) 100.0%  1.26 [1.01, 1.57] >
T 20 08 Chit 13 (P =001 = 530 | : "
e T R N ™
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Test for subaroun differences: Chi = 0.65. df = 1 (P = 0.42). 12 = 0% avours [segmentectomy] - Favours [lobectomy]

Figure 6 Forest plot for 5-year OS and subgroup analysis of segmentectomy vs. lobectomy in stage IA NSCLC. SE, standard error; IV,

inverse variance; CI, confidence interval; OS, overall survival; NSCLC, non-small cell lung cancer.
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1.3.2 Stage IA(2-3cm)
Yamashita et al 2012 027 057 25% 1.31[0.43,4.00] 2012 ]
Deng et al 2014 0.658 0.341 6.9% 1.93[0.99, 3.77] 2014 -
Chan et al 2020 0.207 0.208 18.6% 1.23[0.82, 1.85] 2020 ™
Subtotal (95% Cl) 28.0% 1.38[0.99, 1.93] <
Heterogeneity: Chi? = 1.28, df =2 (P = 0.53); I* = 0%
Test for overall effect: Z = 1.91 (P = 0.06)
1.3.3 Stage IA <2cm
Yamashita et al 2012 0.329 05822 1.2% 1.39[0.28,6.96] 2012 -
Deng et al 2014 0.542 0.301 89% 1.72[0.95,3.10] 2014 T
Kodama et al 2016 0.351 0.903 1.0% 1.42][0.24, 8.34] 2016 _'—
Koike et al 2016 0.077 0279 10.3% 1.08[0.63,1.87] 2016 -
Nishio et al 2016 0.501 0.317 8.0% 1.65[0.89, 3.07] 2016 I
Saji et al 2022 -0.002 0.144 38.9% 1.00[0.75, 1.32] 2022
Stamatis et al 2022 0405 0.468 3.7% 1.50[0.60, 3.75] 2022
Subtotal (95% CI) 72.0% 1.18[0.96, 1.45]
Heterogeneity: Chi2 = 4.48, df =6 (P = 0.61); 2= 0%
Test for overall effect: Z = 1.55 (P = 0.12)
Total (95% CI) 100.0% 1.23 [1.03, 1.47] L g
ity Chi2 = = = - 12 = 09 t t + d
Heterogeneity: Chi2 = 6.41, df =9 (P = 0.70); 2= 0% 0.01 o1 1 10 100

Test for overall effect: Z = 2.52 (P = 0.02) Favours [segmentectomy] Favours [lobectomy]

Test for subgroup differences: Chi’=0.64. df=1 (p=0.42). ’=0%

Figure 7 Forest plot for 5-year RFS or DFS and subgroup analysis of segmentectomy vs. lobectomy in stage IA NSCLC. SE, standard
error; IV, inverse variance; CI, confidence interval; RFS, recurrence-free survival; DFS, disease-free survival; NSCLC, non-small cell lung

cancer.
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significant difference in overall 5-year DFS or RFS with a
pooled HR of 1.23 (95% CI: 1.03-1.47, P=0.02), indicating
the inferiority of segmentectomy. A significant difference
was not found for stage IA <2 cm NSCLC with a combined

HR of 1.18 (95% CI: 0.96-1.45, P=0.12). The difference
was almost statistically significant (P=0.06) between
segmentectomy and lobectomy for stage IA of 2-3 cm,

Meta-analysis fixed-effects estimates (linear form)
Study ommited
Yamashita <2 cm [
Yamashita >2 cm
Deng <2 cm o |
Deng >2 cm o |
Khullar | | o |
Kodama I I
Nishio I q |
Koike | o |
Chan I o
saji
Stamatis o |
shao 0-1 cm o
shao 1-2 cm o
shao 2-3 cm | o I

o

0.05 0.12 0.25 0.38 0.51

Figure 8 Sensitivity analyses for assessing heterogeneity of the
meta-analysis, the higher the article’s heterogeneity, the greater the

pooled effect size departed from the center axis after removal.
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with a pooled HR of 1.38 (95% CI: 0.99-1.93), indicating
the survival benefit of lobectomy (Figure 7). Egger’s test
revealed no publication bias with P values of 0.707 and 0.137
for stage IA (2-3 cm) and IA <2 em NSCLC, respectively.

Publication bias and sensitivity analysis

According to the results of Egger’s test, there was no
publication bias in the included studies. Sensitivity
analysis revealed that the study by Saji er 4/l (14) exhibited
significant heterogeneity with other studies (Figure 8). After
this study was eliminated, heterogeneity was not detected
among the remaining studies (I’=0%, P=0.56), and the final
result of the 5-year OS group was slightly affected, but the
OS result for stage IA <2 cm was significantly impacted,
with lobectomy showing a survival benefit (HR =1.44, 95%
CI: 1.21-1.72, P<0.0001, Figure 9). The heterogeneity of
intraoperative blood loss and operative time among the
included studies may be mainly due to the learning curve
of segmentectomy. Some of the included studies (22,25)
were carried out when the segmentectomy technique was
not mature and the surgeons were in the rising stage of the
learning curve. The heterogeneity of the mean number of
lymph nodes harvested can be explained by the different
lymph node dissection methods of different studies.

Hazard Ratio Hazard Ratio
_Study or Subgroup _log[Hazard Ratio] SE Weight IV, Fixed, 95% Cl 1V, Fixed. 95% CI

1.2.2 5-year OS in stage IA (2-3cm)
Yamashita et al 2012 0.247 1.03 05% 1.28[0.17,9.64]
Shao et al 2022 0.456 0.239 9.7% 1.58[0.99, 2.52] _'_
Deng et al 2014 0652 042 31% 1.92[0.84,4.37] T
Chan et al 2020 0.207 0.177 17.7% 1.23[0.87,1.74] ™
Subtotal (95% CI) 31.1% 1.39[1.07,1.81] L 4
Heterogeneity: Chi? = 1.36, df =3 (P = 0.72); I? = 0%
Test for overall effect: Z =2.47 (P = 0.01)
1.2.3 5-year OS in Stage IA ( <2cm)
Yamashita et al 2012 0.399 0.779 0.9% 1.49[0.32, 6.86] -
Stamatis et al 2022 -0.494 0504 2.2% 0.61[0.23, 1.64] -
Shao et al 2022 0.639 0.179 17.3% 1.89[1.33,2.69] -
Shao et al 2022 0.252 0.367 41% 1.29[0.63, 2.64] -1
Nishio et al 2016 0.358 0.411 3.3% 1.43[0.64, 3.20] -1
Koike et al 2016 -0.01 0.31 5.8% 0.99[0.54, 1.82] -1
Kodama et al 2016 -0.371 0.534 1.9% 0.69[0.24, 1.97] - |
Khullar et al 2015 0.372 0.141 27.9% 1.45[1.10,1.91] -
Deng et al 2014 0.588 0.321 5.4% 1.80[0.96, 3.38] I
Subtotal (95% Cl) 68.9% 1.44[1.21,1.72] ‘
Heterogeneity: Chi? = 9.19, df = 8 (P = 0.33); 2= 13%
Test for overall effect: Z=4.10 (P < 0.0001)
Total (95% Cl) 100.0% 1.43[1.23, 1.65] 2

Heterogeneity: Chi? = 10.60, df = 12 (P = 0.56); I = 0%

Test for overall effect: Z = 4.78 (P < 0.00001)

Test for subaroup differences: Chi? = 0.05. df = 1 (P = 0.82). 1= 0%

© Journal of Thoracic Disease. All rights reserved.

7 Thorac Dis 2023;15(8):4292-4305 | https://dx.doi.org/10.21037/jtd-23-410

0.01

0.1
Favours [segmentectomy]

10 100
Favours [lobectomy]

-
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Discussion

With the spread of low-dose CT, an increasing number
of lung nodules are detected in the early stage, reducing
mortality related to lung cancer (3). Surgical treatment
has long been the first choice for stage IA lung cancer. In
recent years, segmentectomy has been increasingly used
to remove small nodules located in the peripheral lung.
The role of segmentectomy in early-stage lung cancer has
been debated for decades. The conclusions of many meta-
analyses regarding segmentectomy and lobectomy are
also inconsistent, with meta-analyses of Bao (28) and Cao
et al. (29) showing that lobectomy and segmentectomy had
comparable oncological results for lung cancer patients
with stage IA <2 cm, while one study (30) showed that
for stage IA <2 cm, segmentectomy had poorer OS and
lung cancer-specific survival. A meta-analysis by Zheng
et al. (31) also noted that segmentectomy was associated
with shorter OS in stage I lung cancer. The differences
between segmentectomy and lobectomy in terms of survival
outcomes, postoperative complications, and perioperative
outcomes have not been adequately studied. Recently,
the multicenter, RCT JCOG0802/WJOG4607L (14)
on the perioperative outcomes and survival outcomes of
segmentectomy and lobectomy revealed the OS advantage
of segmentectomy in stage IA <2 cm NSCLC. However,
controversy remains regarding the role of segmentectomy
for stage IA NSCLC 2-3 cm in size.

Our meta-analysis included six high-quality studies,
including JCOG0802/WJOG4607L (14), and four
moderate-quality studies, with 2,344 patients in the
segmentectomy group and 2,591 patients in the lobectomy
group. To better explore the perioperative outcomes
and survival outcomes of segmentectomy for stage IA
lung cancer with a size of 2-3 cm, we divided the study
population into two subgroups: one was stage IA of
2-3 cm, and the other was stage IA <2 cm. Furthermore, to
minimize reporting bias, we excluded studies reporting only
3-year survival outcomes and included studies reporting
survival outcomes of 5 years or longer.

Our findings suggested that lobectomy showed superior
OS outcomes compared to segmentectomy in the stage IA
of the 2-3 cm subgroup. In the stage IA <2 cm subgroup,
lobectomy and segmentectomy had similar OS outcomes.
When we excluded the study with heterogeneity according
to the plot of the sensitivity analysis, the final results showed
that lobectomy had a survival advantage in the entire IA
stage NSCLC population, whether in the stage IA <2 cm

© Journal of Thoracic Disease. All rights reserved.
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subgroup or the stage IA of the 2-3 cm subgroup, which
was consistent with the meta-analysis results of Bao (28) and
Cao et al. (29), Qu (32), Nakamura (33), and Fan ez 4/. 34)
had a different opinion that segmentectomy provides a
comparable oncological prognosis with lobectomy for
entire stage IA lung cancer. However, they did not use
stratified data based on different tumor sizes to compare
segmentectomy and lobectomy. Tumors with a size of
2-3 cm may be more aggressive in terms of oncology. Their
findings are limited because more data have been reported
in recent years. Our study is mainly based on the updated
data in the last 10 years to compare segmentectomy and
lobectomy by stratified meta-analysis.

In terms of RFS or DFS, our results concluded that
lobectomy was associated with longer RES or DFS in stage
IA of the 2-3 cm subgroup. In the IA <2 cm subgroup,
lobectomy and segmentectomy had comparable RFS or
DEFS. This may be because in the larger 2-3 c¢m subgroup,
some patients who were originally intended for lobectomy
underwent compromised segmentectomy due to smoking
status, comorbidities and poor cardiopulmonary function
in the included studies by Koike (24), Deng (16), and
Yamashita et al. (22) The DFS or RFS of these patients
would be affected, resulting in the advantage balance
leaning toward lobectomy. In addition, many included
studies did not disclose the percentage of solid and ground-
glass components. Previous study (35) have shown that
solid nodules increase the probability of spread through
air spaces, and the recurrence rate of larger nodules may
increase significantly after segmentectomy. In JCOG0802/
WJOGH4607L, the 5-year RFS of the two groups were almost
identical (88.0% vs. 87.9%, P=0.988), and approximately 12%
of the patients in both the segmentectomy and lobectomy
groups had recurrence within 5 years. Unfortunately, the
subgroup analysis did not provide data for comparing RFS
outcomes in the two groups for patients with pure solid
nodules. Recently, the results of the North American trial (36)
(CALGB 140503) demonstrated that the DFS of the
sublobar resection group was not inferior to lobar resection,
and the difference in locoregional relapses between the two
groups was not significant. Thus, it can be concluded that
segmentectomy is comparable to lobectomy in terms of
RFES or DES in stage IA <2 cm lung cancer. However, more
studies are needed to explain the benefit of segmentectomy
for stage IA lung cancer in the 2-3 cm subgroup, especially
pure solid nodules.

Considering the perioperative outcomes of the two
surgical treatments, our meta-analysis showed that there

7 Thorac Dis 2023;15(8):4292-4305 | https://dx.doi.org/10.21037/jtd-23-410
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were no statistically significant differences in perioperative
morbidity, 30- or 90-day mortality, intraoperative blood
loss, or operative time. The number of lymph nodes
harvested was statistically lower in segmentectomy than
in lobectomy. This may be related to the difference in the
number of intrasegmental and intersegmental lymph node
dissections and to the fact that lymph node sampling was
more adopted in segmentectomy than in lobectomy (24,26).

There are some limitations to our study. First, 8 of the
10 included studies were retrospective, with the potential
for selection and reporting bias. We limited our screening to
retrospective studies with propensity matching analysis and
prospective randomized trials to reduce bias. Second, the
clinical staging procedures of lung cancer patients in certain
studies were not explained in the text, which may compromise
the credibility of the final conclusions. We did not report the
pooled effect sizes of postoperative changes in pulmonary
function because there were insufficient data to analyze.
Finally, there was heterogeneity in the subgroup studies of
OS for stage IA <2 cm and in the perioperative outcomes
of intraoperative blood loss, operative time, and number of
lymph nodes harvested. Thus, the findings must be interpreted
with caution, and future studies are still needed to further
interpret the role of segmentectomy in stage IA lung cancer of
2-3 cm in size. Additionally, we did not further divide the stage
IA <2 cm group into stage IA <I cm and stage IA of 1-2 cm
because there were insufficient data to analyze, but the studies
(4,17,30,37) have demonstrated that sublobectomy can provide
similar disease control and oncological outcomes as lobectomy

for patients with stage IA <1 cm NSCLC.

Conclusions

Our meta-analysis demonstrated that segmentectomy
showed inferior results for stage JA NSCLC with a tumor
size of 2-3 c¢m compared with lobectomy. For stage IA
patients with tumor sizes less than 2 cm, the oncological
outcomes of segmentectomy and lobectomy were
comparable. There were no differences in perioperative
outcomes between segmentectomy and lobectomy for stage
IA NSCLC. We suggest that segmentectomy is appropriate
for carefully selected stage IA NSCLC patients with tumor
sizes of 2 cm or less, and lobectomy is recommended for
stage IA patients with tumor size of 2 to 3 cm.
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Supplementary

Table S1 The comprehensive search strategy of PubMed

Search steps Medical subject headings and entry terms

1 Lung Neoplasms [Title/Abstract]

2 Pulmonary Neoplasms[Title/Abstract] OR Neoplasms, Lung([Title/Abstract] OR Lung Neoplasm([Title/Abstract] OR
Neoplasm, Lung[Title/Abstract] OR Neoplasms, Pulmonary[Title/Abstract] OR Neoplasm, Pulmonary[Title/Abstract]
OR Pulmonary Neoplasm([Title/Abstract] OR Lung Cancer[Title/Abstract] OR Cancer, Lung[Title/Abstract] OR Cancers,
Lung[Title/Abstract] OR Lung Cancers[Title/Abstract] OR Pulmonary Cancer[Title/Abstract] OR Cancer, Pulmonary([Title/
Abstract] OR Cancers, Pulmonary[Title/Abstract] OR Pulmonary Cancers[Title/Abstract] OR Cancer of the Lung|[Title/
Abstract] OR Cancer of Lung[Title/Abstract]

3 Segmentectomy [Title/Abstract] OR sublobar resection [Title/Abstract] OR sublobectomy [Title/Abstract] OR
segmental*[Title/Abstract]

4 Lobectomy [Title/Abstract]

5 ((RCT [Title/Abstract]) OR (randomized [Title/Abstract])) OR (prospective [Title/Abstract])) OR (propensity [Title/

Abstract])) OR (prospectively [Title/Abstract])
6 (1or2)and3and 4 and 5
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