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Background: Segmentectomy for small-sized stage Ia non-small cell lung cancer (NSCLC) may be
comparable to lobectomy regarding prognosis and local recurrence. However, the clinical results of wedge
resection for such patients are still under debate. In this international multicenter study, we retrospectively
studied surgical outcomes of sublobar resections for patients with small-sized stage Ia adenocarcinoma to
elucidate whether wedge resection is inferior to segmentectomy for such patients.

Methods: Between March 2000 and August 2011, 173 patients underwent segmentectomy (group I), and
181 patients underwent wedge resection (group II) at three institutions in Japan and China. The tumor was
defined as Ground glass opacity (GGO) type when the proportion of GGO was equal or more than 50% in
HRCT, while solid type was defined as the proportion of GGO less than 50%. Clinicopathologic factors,
local recurrence rate, and survival were compared.

Results: The two groups were similar in sex, comorbidity rate, and composition of Noguchi type. There
was no in-hospital death. Postoperative morbidity rate of group I was significantly higher than that of group
11 (11.0% vs. 2.2%, P=0.016). Local recurrence rates were similar between group I (4.0%) and group II (4.4%),
while no patient with GGO type tumors had local recurrence. Overall and lung cancer-specific survivals
were of no significant difference between the two groups. Lung cancer-specific survival rates at 10 years were
significantly better in patients with GGO type tumors than in those with solid type tumors (100% vs. 76.9%,
P<0.001). In multivariate Cox regression analyses of lung cancer-specific survival of all patients, GGO type
turned out to be an independent prognostic factor, while extent of resection did not have any influence.
Conclusions: Our data suggests that sublobar resection is an acceptable procedure for small lung
adenocarcinomas without nodal involvement, and wedge resection may not be inferior to segmentectomy for
small GGO type tumors. Our study also demonstrates that GGO type is an independent prognostic factor of

disease-free survival for small-sized (diameter <2.0 cm) stage Ia lung adenocarcinomas.
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Introduction

Lung cancer is the leading cause of cancer death worldwide
for both men and women. Lobectomy with lymph node
dissection remains the standard surgical procedure for early-
stage non-small cell lung cancer (NSCLC). According to
the only completed randomized study comparing lobectomy
and sublobar resection for stage Ia NSCLC conducted in
1995, sublobar resection was associated with inferior overall
survival, and three times higher local recurrence rate as
compared to lobectomy (1). However, the conclusion of the
LCSG study has recently been challenged for some issues,
such as tumors of diameter >2 cm were involved in the
study which might have caused the higher local recurrence
rate in the sublobar arm (2).

In recent years, several retrospective reports have
demonstrated that segmentectomy for small-sized (diameter
<2.0 cm) stage Ia NSCLC may be comparable to lobectomy
regarding prognosis and local recurrence (3-5). However,
the clinical results of wedge resection for small-sized
(diameter <2.0 cm) stage Ia NSCLC is still under debate
(6,7). Therefore, it remains questionable whether wedge
resection is oncologically inferior to segmentectomy for
such patients. In this international multicenter study,
we retrospectively studied the surgical outcomes of
patients with small-sized (diameter <2.0 cm) stage la
adenocarcinomas having sublobar resection to elucidate the
role of sublobar resection and whether wedge resection is
inferior to segmentectomy for such patients.

Methods
Patients

This retrospective study involved 354 consecutive patients
of small-sized (diameter <2.0 cm) stage Ia adenocarcinomas
receiving sublobar resection in Japan( National Cancer
Center Hospital), and China (Shanghai Chest Hospital,
and First Hospital of Tsinghua University) between January
2000 and August 2011. The study was approved by the
Ethics Committee of the hospitals. Informed consent from
patients was waived because of the retrospective nature of
the study (Number/ID of the Ethic Approval is ks14025).
All patients were radiographically diagnosed as
T1aNOMO disease, and were operated on with a curative
intent. High-resolution computed tomography (HRCT)
scan was employed in all patients. Ground glass opacity
(GGO) was defined as hazy increased lung attenuation
without obscuring the underlying vascular marking and
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bronchial wall. All lesions were divided into two types,
GGO type when the proportion of GGO was equal or more
than 50% in HRCT, or solid type when the proportion of
GGO was less than 50%.

Standard preoperative evaluation included pulmonary
function testing with blood gas analysis, standard
posterolateral chest films of chest, computed tomography
of chest and brain, abdominal ultrasound, bone
scintigraphy and positron emission tomography (PET)
scan when necessary. The absence of nodal (mediastinal
or hilar) disease and distant metastases was confirmed
radiographically in all patients. Mediastinoscopy was not
used in preoperative evaluation of stage Ia patients.

Of all patients, 173 (139 in Japan and 34 in China)
underwent segmentectomy, and 181 (155 in Japan and 26
in China) underwent wedge resection. Sublobar resection
was employed in 89 patients because of severe comorbidity
or limited pulmonary function not adequate for lobectomy.
Intentional sublobar resections were carried out in the rest
of the patients. During sublobar resection, conversion to
lobectomy was indicated while frozen-section of sampled
lobar, hilar, and mediastinal lymph nodes was proved to be
positive.

Statistical analysis

Statistical analysis was performed using SPSS 17.0. All
continuous data was expressed as mean value + standard
deviation. Differences between groups with continuous
variables were assessed by the y* test or Fisher’s exact test.
Opverall survivals and disease-free survivals were analyzed
using Kaplan-Meier method and were statistically evaluated
by log-rank test. Multivariate Cox regression analyses were
performed to identify predictors of disease-free survival of
all patients. Statistical significance was accepted as P<0.05
throughout the study.

Results

Between January 2000 and December 2011, 173
patients underwent segmentectomy (group I), and
181 patients underwent wedge resection (group II).
Systemic lymphadenectomy or sampling was performed
in segmentectomy, while sampling alone was carried out
during wedge resection. Patients in Group I were younger
than those in Group II, while the two groups were similar
in sex and comorbidity rate. Percentage of Noguchi type
A, B was higher in group II, while percentage of Noguchi
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Table 1 Characteristics of the patients
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Variable Segmentectomy (n=173) Wedge resection (n=181) P value
Age (years, mean + SD) 57.2+8.9 62.6+10.2 0.01
Sex (male/female) 65/108 70/111 0.61
Comorbidity 52 (30.1%) 70 (38.7%) 0.31

COPD 9 11

Hypertension 15 21

Diabetes mellitus 16 18

Stroke 3 9

Coronary artery disease 8 8

Renal dysfunction 1 3
Noguchi type 0.11

A B 77 (44.5%)

C,D,E 96 (55.5%)
Tumor type

GGO type 102 (59.0%)

Solid type 71 (41.0%)
Tumor size (cm, mean = SD) 1.3+0.5

Tumor location

Left upper lobe 49
Left lower lobe 44
Right upper lobe 33
Right middle, lower lobe 47

88 (48.6%)
93 (51.4%)
0.32
99 (54.7%)
82 (45.3%)
1.2:0.5 0.21
0.77
51
44
35
51

COPD, chronic obstructive pulmonary disease; GGO, Ground glass opacity.

type C, D, E was higher in group I. But the composition of
Noguchi types was not of significant difference between the
two groups (P=0.11).

The localization of the tumors is shown in 7Table 1.
The superior segments of the lower lobes, and the upper
division of the left upper lobe were the most common sites
of segmentectomy. The average size of tumors was 1.3 cm
in group I and 1.2 cm in group II respectively, without
significant difference.

There was no in-hospital death in either group.
Postoperative morbidity rate in group I was significantly
higher than in group II (11.0% vs. 2.2%, P=0.016). Major
complications of the two groups are listed in Table 2.

During a median follow-up of 78 months, there were
15 local recurrences: 7 (4.0%) in group I and 8 (4.4%) in
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group II, while no patient with GGO type tumors had local
recurrence. There were 17 distant recurrences: 8 (4.6%)
in group I and 9 (5.0%) in group II. Furthermore, overall
and lung cancer-specific survivals were of no significant
difference between the two groups. The 10-year overall
survival rates were 89.5% in group I and 83.7% in group II,
while the 10-year lung cancer-specific survival rates were
91.3% in group I and 88.1% in group II (Figures 1 and 2).
In addition, lung cancer-specific survival of segmentectomy
and wedge resection for patients with GGO type tumors
was of no significant difference (100% wvs. 100%). For
patients with solid type tumors, 10-year lung cancer-specific
survival rate after segmentectomy (83.1%) was higher than
after wedge resection (69.0%), though the difference did
not reach statistical significance (P=0.27) (Figure 3). Lung
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Table 2 Postoperative complications

Wedge
. Segmentectomy .
Variable (n=173) resection P value
- (n=181)
Atrial fibrillation 2 1 -
Pneumonia 2 0 -
Air leak (>5 d) 7 0 -
Pulmonary embolism 2 1 -
Cerebral infarction 2 0 -
Wound infection 2 1 -
Hemothorax 1 1 -
Upper gastrointestinal 1 0 -

bleeding

Total morbidity 19 (11.0%) 4 (2.2%) 0.016

Kaplan-Meier survival estimates

1.004 ﬁ‘%—n—uﬂ
‘_|—
0.75
0.50
Patients at risk
Month 0 30 60 90 120
0.25+ Segmentectomy | 173 | 143 | 69 22 6
Wedge resection 181 145 73 31 6
0.00
0 50 100 150

Analysis time (Month)
Wedge resection l

Figure 1 Overall survival of segmentectomy and wedge resection

Segmentectomy

in small (€2 cm) peripheral adenocarcinomas (P=0.67).

cancer -specific survival rates at 10 years were significantly
better in patients with GGO type tumors than in those with
solid type tumors (100% vs. 76.9%, P<0.001) (Figure 4).
In multivariate Cox regression analyses of disease-free
survival of all patients, GGO type was the only independent
prognostic factor, while extent of resection did not have any
influence on survival (Table 3).

In this international study, 10-year overall survival of
Japanese patients was higher than that of Chinese patients
(93.8% wvs. 61.1%, P=0.003, Figure 5). However, 10-year
overall survivals of Japanese and Chinese patients with
GGO type tumors receiving sublobar resection were
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Kaplan-Meier survival estimates

1.004 -
;\l——\;

0.75+
0.50 4 Patients at risk

Month 0 30 60 90 120

Segmentectomy 173 145 66 21 6
0.25 Wedge resection 181 142 71 29 6
0.00

0 50 100 150

Analysis time (Month)

l

Figure 2 Lung cancer-specific survival of segmentectomy and

Segmentectomy Wedge resection |

wedge resection in small (<2 cm) peripheral adenocarcinomas
(P=0.81).

Kaplan-Meier survival estimates

1.004
0.75
0.501 Patients at risk

Month 0 30 60 90 120
0.254 Segmentectomy 102 85 39 12 3

Wedge resection 99 80 38 16 3
0.00

0 50 100 150
Analysis time (Month)

Figure 3 Lung cancer-specific survival of segmentectomy and

Segmentectomy Wedge resection l

wedge resection in small (<2 cm) peripheral solid type tumors
(P=0.27).

of no significant differences (94.2% vs. 100%, P=0.78)
(Figure 6). Characteristics of patients from two countries
are summarized in Tuble 4. The percentages of Noguchi
type A, B and GGO type tumor in Japanese patients were
significantly higher than in Chinese patients (P=0.04 and
0.02, respectively).

Discussion

In 1995, a randomized trial by LCSG (the Lung Cancer
Study Group) demonstrated that sublobar resection for
stage I NSCLC was oncologically inferior to lobectomy in
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Kaplan-Meier survival estimates

1.00 A ‘_\—L‘—|—\ﬁ—
0.75 A

0.50 A Patients at risk
Month 0 30 60 90 120
GGO tumor 201 164 77 29 7

0.25 4 Solid tumor 153 | 123 | 60 | 21 | 5

0.00 -

0 50 100 150
Analysis time (Month)
| GGO tumor Solid tumor |

Figure 4 Lung cancer-specific survival of patients with small-sized

GGO type and solid type (P<0.001). GGO, Ground glass opacity.

Table 3 Multivariate Cox regression analyses of disease-free survival

of all 354 small (£2 cm) peripheral stage Ta adenocarcinoma patients

Factors HR (95% ClI) P value
Sex 6.94 (0.258-1.357) 0.09
Age 0.62 (0.245-0.783) 0.62
Type of operation 0.19 (0.057-0.944) 0.90
Noguchi type 2.96 (0.703-2.020) 0.09
GGO type 9.71 (1.535-4.639) 0.002
Tumor size 0.05 (0.100-0.905) 0.82

GGO, Ground glass opacity.

Table 4 Characteristics of patients from Japan and China
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Kaplan-Meier survival estimates

1.004
0.75-
0.50
Patients at risk
0.25
Month 0 30 60 90 120
Japanese patients | 294 239 118 45 9
0.00 Chinese patients 60 49 24 9 3

50 e 100 150
Analysis time (Month)

Figure 5 Overall survival of Japanese and Chinese patients of small

Chinese patients Japanese patients I

(£2 cm) peripheral adenocarcinomas receiving sublobar resection
(P=0.003).

Kaplan-Meier survival estimates

1.001

0.754

0.501
Patients at risk
Month 0 30 | 60 | 90 | 120

0.251 Japanese GGO patients 190 | 157 | 72 | 25 5
Chinese GGO patients 11 8 5 3 1

0.00 4

0 5,&)nalysis time (Month)1 00 150

I

Figure 6 Overall survival of Japanese and Chinese GGO patients

Chinese GGO patients Japanese GGO patientsl

of small (<2 cm) peripheral adenocarcinomas receiving sublobar

resection (P=0.78). GGO, Ground glass opacity.

Variable Japanese patients (n=294) Chinese patients (n=60) P value
Age (years, mean + SD) 60.1+11.1 63.8+10.0 0.13
Sex (male/female) 110/184 25/35 0.06
Noguchi type 0.04
A B 149 (50.7%) 16 (26.7%)
C,D,E 145 (49.3%) 44 (73.3%)
GGO type 0.02
GGO 190 (64.6%) 11 (18.3%)
Non-GGO 104 (35.4%) 49 (81.7%)
Tumor size (cm, mean + SD) 1.2+0.5 1.6+0.6 0.18

GGO, Ground glass opacity.
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terms of local recurrence and survival rate (1). Since then,
lobectomy has been recommended as the gold standard
treatment for stage I NSCLC, while sublobar resections was
only reserved for patients who could not tolerate lobectomy
due to marginal lung function and (or) significant
comorbidities. However, tumors with diameter exceeding
2 cm were also included in the LCSG study, and radiologic
or histologic subtypes of tumor were not mentioned. In
recent years, an increasing number of small-sized (diameter
<2.0 cm) tumor and ground glass nodules (GGNs) are
detected because of increased use of CT screening (7,8).
Hence, the mandatory use of lobectomy for such patients is
now being questioned, while intentional sublobar resection
is performed more frequently (8). Today, many single-
institution retrospective studies have demonstrated that
sublobar resection may provide comparable long-term results
to lobectomy in selected small-sized (diameter <2.0 cm) stage
Ta NSCLC patients (3-5).

Besides tumor size (9,10), CT appearance and
corresponding histology subtypes of tumor were
also reported to be associated with the outcomes of
sublobar resection (11). In 1995 Noguchi ez 4l. reviewed
236 surgically resected small (€2 cm) peripheral
adenocarcinomas and proposed a histologic classification
of 6 types based on tumor growth patterns. According to
the new IASLC proposal, AAH and AIS are mostly pGGO,
corresponding to Noguchi types A and B, while MIA often
appears as mixed GGO, roughly coincides with type C in
Noguchi’s classification. GGO type tumors (proportion of
GGO equal or more than 50% in HRCT) have minimal or
no invasive growth, and are usually small in size (<3 cm).
Sublobar resection is thus considered suitable for such
tumors, and is even suggested as an better option for
pGGO (11,12).

In this study, no patient with GGO type tumors had local
recurrence, while Lung cancer -specific survival rates were
significantly better in patients with GGO type tumors than
in those with solid type tumors. In addition, our study also
demonstrates that GGO type is an independent prognostic
factor for disease-free survival in small-sized (diameter
<2.0 cm) stage Ia adenocarcinomas. All these results support
the notion that sublobar resection is acceptable for small
GGO type adenocarcinomas.

Compared with anatomical segmentectomy, non-
anatomical wedge resection was reported to be an inferior
oncologic approach (9,13,14). Anatomical segmentectomy
has the theoretical advantage of a more comprehensive
resection, reduced technical limitations for achieving
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appropriate margins, and wider resection of draining
lymphatics as a potential source of residual cancer cells (15).
Miller et al. (13) compared clinical outcomes of
segmentectomy and wedge resection for small-sized stage
Ia lung cancer, and found there was statistically significant
survival advantage and improved local control favoring
segmentectomy even in very small tumors. Sienel ez a/. (7)
also found significantly less local recurrence (55% wvs. 16%)
and improved cancer-specific survival (71% vs. 48%) after
anatomic segmentectomy with systematic nodal dissection
than after wedge resection with selective nodal sampling.
However, for selected small-sized stage Ia adenocarcinomas,
wedge resection may produce equivalent oncologic results
when compared with segmentectomy. Okada ez a/l. (6)
revealed that wedge resections with lymph node sampling
yield a disease-free and overall survival equivalent to
segmentectomies and lobectomies in patients with stage
Ia NSCLC <2 cm who could even tolerate a lobectomy.
In our study, morbidity rate of wedge resection was lower
than that of segmentectomy, and local recurrence rates were
comparable between two groups. There was no significant
difference in either overall survival or lung cancer-
specific survival following two types of operation. Our
results suggest that wedge resection may not be inferior to
segmentectomy for selected small-sized (<2 cm) stage Ia
adenocarcinomas.

Increased local recurrence after wedge resection was
attributed to the technical limitations of achieving an
appropriate margin and incomplete dissection lymph
nodes (14). During sublobar resection in this study, frozen-
section analysis of sampled lobar, hilar, and mediastinal
lymph nodes was mandatory, when conversion to lobectomy
was indicated while node was proved to be positive. In
addition, the LN metastases rate of small-sized lung cancer
was reported to be as low as 0-5%. Therefore, intentional
wedge resection may be accepted for a small peripheral
TINO cancer, provided that sampling of N1 and N2 nodes
was carried out during wedge resection. Several studies
revealed that width of resection margins was an important
factor to determine local recurrence following sublobar
resection (16-18). Swanson (16) indicated that a safety
margin of >20 mm might be reasonable, because resection
margin <20 mm tended to be associated with higher rate
of local recurrence. In this study, the parenchymal surgical
margin for all sublobar resection was at least 2 cm, which can
account for the low local recurrence rates of both groups.

An interesting finding need to point out is that the
percentage of Noguchi type A, B and GGO type tumors
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in Japanese patients was higher than Chinese patients. Our
results indicated that lung cancer patients receiving sublobar
resection in Japan were more frequently at an earlier
pathological type than those in China. One important
reason is that CT screening is more popular in Japan, with
more lung cancer patients being detected at an earlier
stage. Accordingly, overall survival of Japanese patients was
higher than that of Chinese patients, but overall survivals of
Japanese and Chinese patients with GGO type tumors were
of no significant difference.

"This study has several some limitations. As a retrospective
study, potential selection bias is inevitable. Second, the
clinical results of lobectomy for such small-sized tumors
in the same period were not recorded, thus comparison
of lobectomy and sublobar resection cannot be achieved.
Third, classification of adenocarcinoma recommended by
the International Association for the Study of Lung Cancer
(IASLC) in 2011 was not used in this retrospective study, as
all patients were treated before 2012.

Despite these limitations, our results suggest that
sublobar resection is acceptable for small adenocarcinomas
without nodal involvement, and wedge resection may not be
inferior to segmentectomy for a GGO type tumor 20 mm
or less in diameter. Our study also demonstrates that
GGO type is an independent prognostic factor for disease-
free survival in small-sized (diameter <2.0 cm) stage la
adenocarcinomas. Though we still regard lobectomy as
the “gold standard” in surgical management of NSCLC,
prospective study over a longer follow-up period is
warranted to prove the efficacy of limited resections,
especially wedge resection, for this special group of
patients. Currently two prospective trials (JCOG0802
and CALGB140503) are ongoing to compare disease-free
survivals of patients with small (<2.0 cm) peripheral stage Ia
NSCLC undergoing lobectomy or sublobar resection (8).
However, oncological results of segmentectomy and wedge
resection are not compared separately. What is more, the
TASLC (the International Association for the Study of
Lung Cancer) Classification of Lung Adenocarcinoma
is not employed in either of these two trials. Therefore,
prospective trials with the intention to compare the results
of segmentectomy and wedge resection are definitely in
need to clarify this issue.

In conclusion, sublobar resection is an acceptable
procedure for small lung adenocarcinomas without nodal
involvement, while wedge resection may not be inferior
to segmentectomy for small GGO type tumors. GGO
type is an independent prognostic factor of disease-free
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survival for small-sized (diameter <2.0 cm) stage Ia lung
adenocarcinomas.
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