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solid component size in ground glass opacity-containing lung
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Background: Indication for sublobar resections in early-stage lung adenocarcinomas has been
controversial. The purpose of this study was to find appropriate selection criteria for sublobar resections in
ground glass opacity (GGO)-containing early-stage lung adenocarcinomas.

Methods: We retrospectively studied 985 consecutive patients with clinical stage TA, peripheral
GGO-containing lung adenocarcinomas <3 c¢m in size. According to their radiological appearance, they were
divided into a pure GGO group and a part-solid nodule (PSN) group. The PSN group was further divided
into a GGO-predominant subgroup and a solid-predominant subgroup. Propensity-score matching (PSM)
was conducted first in PSNs with similar total lesion size and then in those with similar solid component
size to eliminate potential confounders. Histological characteristics and prognosis were compared between
matched patients to investigate the prognostic value of total lesion size and solid component size. Then
solid component size was chosen as the selection criterion to compare the prognosis of patients receiving
lobectomy or sublobar resections.

Results: Comparing to PSNs, pure GGO lesions had significantly more favorable histological
characteristics and prognosis, with 100% 5-year overall survival (OS), even though 33.3% of patients
with pure GGO lesions >20 mm in total lesion size received sublobar resections. For 157 pairs of PSNs
with similar total lesion size but different solid component size after the first PSM, the solid-predominant
subgroup had significantly worse histological characteristics and prognosis than the GGO-predominant
subgroup. After the second PSM, histological characteristics and prognosis were comparable between
73 pairs of PSNs with similar solid component size but different total lesion size. Multivariable analysis
showed that solid component size, rather than total lesion size or consolidation-to-tumor ratio (CTR), was
an independent prognostic factor. For PSNs containing solid component size <2 cm, relapse-free survival
(RES) was similar after sublobar resections or lobectomy (95.0% wvs. 93.6%, P=0.592). The results remained
similar for PSNs of total lesion size >2 ¢cm but solid component size <2 cm (88.9% wvs. 90.0%, P=0.893).
Conclusions: Solid component size better predicts histological characteristics and prognosis than
total lesion size in early-stage GGO-containing lung adenocarcinomas. Instead of total lesion size, solid

component size <2 cm may be a more appropriate selection criterion for sublobar resections in such patients.
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Introduction

Lobectomy has been regarded as the standard procedure
for surgical treatment of stage IA non-small cell lung cancer
(NSCLC) since a randomized study comparing lobectomy
and sublobar resections was published in 1995 (1). The
Lung Cancer Study Group (LCSG) trial demonstrated
that local recurrence rate was 3-fold higher in the limited
resection group compared to that in the lobectomy group.
However, with the use of computed tomography (CT) scan
for screening, an increased proportion of early-stage lung
cancers, especially ground glass opacity (GGO)-containing
nodules, are detected nowadays. And recent retrospective
studies reported that sublobar resections might have
similar efficacy as lobectomy on prognosis in such GGO-
containing early-stage NSCLC patients and might help
preserve more pulmonary function (2-6). Therefore, the
conclusion from the LCSG trial needs to be reexamined
given the paradigm shift of surgical candidates. The current
National Comprehensive Cancer Network (NCCN)
guideline for NSCLC also suggests that in addition to
being a palliative procedure for patients who cannot tolerate
lobectomy, sublobar resections may also be considered as an
intentional treatment in selected patients with a peripheral
nodule <2 cm in size and one of the following criteria: pure
adenocarcinoma iz situ histology, radiologic surveillance
confirming a long doubling time (=400 days), or >50%
ground-glass appearance on CT scan (7).

Two prospective randomized trials, JCOG0802 and
CALGB140503, comparing sublobar resections and
lobectomy are still underway (8,9). Both trials use total
lesion size <2 cm as inclusion criterion. The JCOGO0802
trial compares segmentectomy with lobectomy for tumors
of total lesion size <2 cm and consolidation-to-tumor ratio
(CTR) >0.5 (8), while the CALGB 140503 trial compares
sublobar resections with lobectomy for tumors of total
lesion size <2 cm, without a definite inclusion criterion
on tumor histology or their CT appearance (9). However,
recent studies revealed that solid component size appeared
to be a better predictor for malignant behaviors than total
lesion size in lung adenocarcinomas (10,11). In the eighth
edition of the American Joint Commission on Cancer
(AJCC) TNM staging system, clinical T'1 category for part-
solid nodule (PSN) has also been changed from using total
lesion size previously to using solid component size (12).
This means that PSNs with similar solid component size
but different total lesion size or CTR are now categorized
into the same T stage. Thus, it seems inappropriate to still
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use total lesion size or CTR to guide surgical procedure for
GGO-containing nodules.

We thus aimed to study whether total lesion size or
solid component size should be applied in the selection
of sublobar resections for early-stage GGO-containing
lung adenocarcinomas. We present the following article in
accordance with the STROBE reporting checklist (available
at http://dx.doi.org/10.21037/tlcr-21-132).

Methods
Study population

From a prospectively kept database, 2,093 consecutive
patients who underwent surgery with a curative intention
for clinical stage IA lung adenocarcinomas appearing as
small (<3 cm), peripheral, GGO-containing nodules at
Shanghai Chest Hospital between January 2013 and July
2015 were retrieved for the study. The inclusion criterion
was a pathologic diagnosis of lung adenocarcinomas
appearing as small GGO-containing nodules (<3 cm) on
thin-slice CT scan. The exclusion criteria were patients
having CT scan at other hospitals, an interval of over
1 month between CT examination and surgery, and nodules
too irregular to measure precisely. A peripheral nodule was
defined as the center of the nodule within the outer third
of the lung field. According to the radiological appearance
of the nodules on CT scan, patients were divided into a
pure GGO group and a PSN group. The PSN group was
further divided into a GGO-predominant subgroup and a
solid-predominant subgroup according to their CTR less
or greater than 0.5. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the institutional review board of the
Shanghai Chest Hospital [No. KS(Y)1668] and informed
consent was waived due to the retrospective nature of the
study.

Radiological and pathological evaluations

CT scans were performed from the apex to the base of the
lung at suspended maximum inspiration using a 64-detector
CT row scanner (Brilliance 64; Philips, Eindhoven, The
Netherlands). Soft tissue and lung algorithms with a
thickness of 1 mm were used to reconstruct the images.
Consolidation was defined as a homogeneous increase in
pulmonary parenchymal attenuation that obscures the
margins of airway walls and vessels, while GGO was defined
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as hazy increased opacity of lung, with preservation of
bronchial and vascular margins (13). All measurements were
conducted with a lung window setting (lung window center,
-520 HU/lung window width, 1,450 HU). The longest
diameters of the total lesion and the consolidation part
were measured on the planes displaying the largest lesion
and the largest portion of solid component, respectively.
Histological types of the tumors were classified according
to the International Association for the Study of Lung
Cancer (IASLC) /American Thoracic Society (ATS)/
European Respiratory Society (ERS) classification of lung
adenocarcinomas as adenocarcinoma iz situ, minimally
invasive adenocarcinoma and invasive adenocarcinoma (14).

Surgery and postoperative follow-up

All patients received video-assisted thoracoscopic surgery.
Lobectomy, segmentectomy and wedge resection were
selected according to the surgeons’ decision with an
intention-to-treat. Sublobar resections were considered
when a parenchymal resection margins >2 cm or > the size
of the nodule could be obtained. Patients received either
systematic mediastinal lymph node sampling or systematic
lymph node dissection, according to the surgeons’ decision.
Systematic nodal sampling was carried out according to the
ESTS guideline for intraoperative lymph node staging (15).
And systematic dissection aimed to remove all mediastinal
tissue together with the lymph nodes within anatomical
landmarks (16). Patients were followed every 6 months for
the first 2 years after surgery and then once a year from the
third to the fifth year. Physical examination, chest CT scan,
ultrasonography of abdominal, cervical and supraclavicular
regions and serum tumor markers were checked routinely.
Magnetic resonance imaging of brain, bone scans and PET-
CT were reserved only if recurrence or metastasis was
suspected.

Statistical analysis

Statistical analyses were performed using the SPSS
Statistics 23.0 software (SPSS Inc., Chicago, IL, USA)
and R software (version 3.6.3, http://www.r-project.org).
Continuous variables were compared with the Student #-test
or Wilcoxon rank-sum test, depending on whether the
variables were normally distributed. Categorical variables
were analyzed with the Chi-square test or the Fisher exact
test when appropriate. Relapse-free survival (RFS) was
defined as the time between the day of surgery and the day
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of first recurrence or last follow-up. Overall survival (OS)
was defined as the time between the day of surgery and the
day of death or last follow-up. Deaths from other causes
were considered as censored. RFS and OS were calculated
with Kaplan-Meier curves and compared by log-rank test.
In order to investigate the prognostic value of total lesion
size and solid component size while reducing the effects
of confounding biases, we compared the prognosis and
histological characteristics between the GGO-predominant
subgroup and the solid-predominant subgroup by means of
two propensity-score matched analyses. We first compared
patients with nodules of similar total lesion size but
different solid component size, and then compared those of
similar solid component size but different total lesion size.
Other clinicopathological characteristics including sex, age,
smoking history, American Society of Anesthesiologists
(ASA) score, body mass index (BMI), forced expiratory
volume in 1 second (FEV1) and resection extents were
incorporated into propensity-score matching (PSM) to
eliminate potential confounding factors. A ratio of 1:1
match with a caliper size of 0.04 was applied for PSM,
using the nearest-neighbor matching algorithm without
replacement. Potential risk factors for prognosis were
analyzed by Cox proportional hazards regression model. All
tests were two tailed with a statistical significance of 0.05.

Results

According to the selection criteria, a total of 985 patients
with lung adenocarcinomas manifesting as GGO-
containing nodules <3 cm in size on CT scan were enrolled
in this study. Based on the radiological appearance, they
were divided into a pure GGO group (n=613) and a PSN
group (n=372). The clinicopathological characteristics
are shown in Table 1. There were significant differences
in age, smoking history, total lesion size and resection
extents between the two groups. Compared to the PSN
group, the pure GGO group showed significantly lower
grade histological subtypes (P<0.001), less lymphovascular
invasion (0% wvs. 2.4%, P<0.001), less visceral pleural
invasion (0.2% wvs. 5.1%, P<0.001) and less lymph node
metastasis (0% vs. 5.4%, P<0.001). In the pure GGO
group, only 45.4% and 4.7% of patients received lobectomy
and systematic lymph node dissection, respectively. There
were 33.3% of patients with pure GGO >20 mm in total
lesion size who received sublobar resections. With a
median follow-up of 55 months, the pure GGO group had
significantly better 5-year RFS (99.8%, 95% CI: 99.4—
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Table 1 Clinicopathological characteristics of 985 patients with small GGO-containing lung adenocarcinomas

Characteristic Pure GGO (n=613) PSN (n=372) P value
Sex 0.437
Female 441 (71.9%) 259 (69.6%)
Male 172 (28.1%) 113 (30.4%)
Age, year 54.8+10.9 59.7+10.5 <0.001
Smoking history 0.008
Smoker 31 (56.1%) 35 (9.4%)
Nonsmoker 582 (94.9%) 337 (90.6%)
Total lesion size, mm 11.2+5.0 17.8+6.3 <0.001
Surgery <0.001
Wedge resection 191 (31.2%) 65 (17.5%)
Segmentectomy 144 (23.5%) 63 (16.9%)
Lobectomy 278 (45.4%) 244 (65.6%)
Lymph node resection <0.001
SNS 584 (95.3%) 170 (45.7%)
SND 29 (4.7%) 202 (54.3%)
Histological subtype <0.001
1* 429 (70.0%) 101 (27.2%)
2* 53 (8.6%) 37 (9.9%)
3* 126 (20.6%) 195 (52.4%)
4* 5(0.8%) 39 (10.5%)
LvI 0 (0%) 9 (2.4%) <0.001
VPI 1(0.2%) 19 (5.1%) <0.001
Pathological N1/N2 0 (0%) 20 (5.4%) <0.001

GGO, ground glass opacity; PSN, part-solid nodule; SNS, systematic lymph node sampling; SND, systematic lymph node dissection; 1%,
adenocarcinoma in situ/Minimally invasive adenocarcinoma; 2*, lepidic predominant, excluding micropapillary and solid component; 3*,
acinar/papillary predominant, excluding micropapillary and solid component; 4*, micropapillary/solid component; LVI, lymphovascular

invasion; VPI, visceral pleural invasion.

100% vs. 93.0%, 95% CI: 90.5-95.5%, P<0.001) and 5-year
OS (100% wvs. 98.3%, 95% CI: 96.9-99.7%, P=0.001) than
the PSN group (Figure I).

In the PSN group, significant differences in
clinicopathological characteristics including age, smoking
history, ASA score, solid component size, total lesion size,
and resection extents were observed between the GGO-
predominant subgroup and the solid-predominant subgroup
before PSM (Tuble 2). But no significant difference was
observed except for solid component size between the two
subgroups after the first PSM, and no significant difference
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was observed except for total lesion size after the second
PSM (Tible 3).

To analyse the impact of solid component size on
outcomes, 157 pairs of PSNs with similar total lesion size
were obtained after the first PSM (Tuble 3). The solid-
predominant subgroup had a similar total lesion size
(18.6£6.3 vs. 17.9+6.1 mm, P=0.340) but a significantly
larger solid component size than the GGO-predominant
subgroup (12.7+5.0 vs. 6.5+2.9 mm, P<0.001). And there
were significantly more invasive adenocarcinomas in the
solid-predominant subgroup than in the GGO-predominant
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Figure 1 Comparison of survival between the pure ground glass opacity (GGO) group and part-solid nodule (PSN) group. (A) The pure
GGO group had significantly better 5-year relapse-free survival (P<0.001) than the PSN group; (B) the pure GGO group had significantly

better 5-year overall survival (P=0.001) than the PSN group.

subgroup. Also, significantly more lymphovascular invasion,
visceral pleural invasion and lymph node metastasis were
observed in the solid-predominant subgroup (7able 3).
Although the resection extents were similar, the solid-
predominant subgroup had significantly worse 5-year RES
(89.2%, 95% CI: 84.1-94.3% wvs. 98.0%, 95% CI: 95.8—
100%, P=0.001) and 5-year OS (96.7%, 95% CI: 93.8-
99.6% vs. 100%, P=0.023) than the GGO-predominant
subgroup (Figure 2).

To analyse the impact of total lesion size on outcomes,
73 pairs of PSNs with similar solid component size were
obtained after the second PSM (Tuable 3). The solid-
predominant subgroup had a similar solid component size
(8.8+2.8 vs. 8.7+2.6 mm, P=0.878) but significantly smaller
total lesion size (14.0+4.6 vs. 21.3+5.6 mm, P<0.001)
than the GGO-predominant subgroup. For these tumors
with similar solid component size, the solid-predominant
subgroup had similar histological characteristics (invasive
adenocarcinomas, lymphovascular invasion, visceral
pleural invasion and lymph node metastasis) to the GGO-
predominant subgroup (7uzble 3). Besides, there was no
significant difference in RFS (97.1%, 95% CI: 93.2-100%
vs. 95.7%, 95% CI: 91.0-100%, P=0.637) between the
solid-predominant subgroup and the GGO-predominant
subgroup (Figure 3) and 5-year OS was 100% in both
subgroups receiving similar extent of resections.

Upon multivariate analysis in the PSN group, solid
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component size (for solid component size >10 and <20 mm,
HR =4.577, 95% CI: 1.457-14.382, P=0.009; for solid
component size >20 and <30 mm, HR =6.351, 95%
CI: 1.515-26.628, P=0.011), lymphovascular invasion
(HR =4.266, 95% CI: 1.367-13.312, P=0.012) and lymph
node metastasis (HR =7.401, 95% CI: 2.847-19.237,
P<0.001), but not total lesion size (for total lesion size >10
and <20 mm, P=0.826; for total lesion size >20 and <30 mm,
P=0.784) or CTR (P=0.753), were identified as independent
predictive factors for decreased RES (7able 4).

To study the impact of resection extent on prognosis,
oncological outcomes after sublobar resections and
lobectomy were first compared in 351 patients with PSNs of
solid component size <20 mm. No significant difference in
5-year RFS was found after sublobar resections (95.0%, 95%
CI: 91.1-98.9%) or after lobectomy (93.6%, 95% CI: 90.3-
96.9%, P=0.592, Figure 44). Among them, 112 patients
had PSNs with solid component size <20 mm but total
lesion size >20 and <30 mm. Still, there was no significant
difference in 5-year RFS after sublobar resections or
lobectomy (88.9%, 95% CI: 77.1-100% wvs. 90.0%, 95%
CI: 83.3-96.7%, P=0.893, Figure 4B).

Discussion

In this study, we found that compared to total lesion size,
solid component size could better stratify prognosis and
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Table 2 Clinicopathological characteristics of part-solid nodules before propensity-score matching

Characteristic GGO-predominant PSN (n=194, CTR <0.5)  Solid-predominant PSN (n=178, CTR >0.5) P value
Sex 0.663
Female 137 (70.6%) 122 (68.5%)
Male 57 (29.4%) 56 (31.5%)
Age, year 58.0+11.0 61.5+£9.7 0.001
Smoking history 0.091
Smoker 23 (11.9%) 12 (6.7%)
Non-smoker 171 (88.1%) 166 (93.3%)
ASA score 0.063
1 99 (51.0%) 74 (41.6%)
2 89 (45.9%) 91 (51.1%)
3 6 (3.1%) 13 (7.3%)
BMI, kg/m’ 22.5+2.9 22.7+3.1 0.484
FEV1% predicted 0.287
>0.8 163 (84.0%) 142 (79.8%)
<0.8 31 (16.0%) 36 (20.2%)
Solid component size, mm 6.1+2.9 13.0+5.2 <0.001
Total lesion size, mm 16.7+6.2 19.0+6.4 0.001
Surgery 0.039
Wedge resection 33 (17.0%) 32 (18.0%)
Segmentectomy 42 (21.6%) 21 (11.8%)
Lobectomy 119 (61.3%) 125 (70.2%)
Lymph node resection 0.186
SNS 95 (49.0%) 75 (42.1%)
SND 99 (51.0%) 103 (57.9%)
Histological subtype <0.001
NIA 79 (40.7%) 22 (12.4%)
IA 115 (59.3%) 156 (87.6%)
LVI 1(0.5%) 8 (4.5%) 0.031
VPI 3(1.5%) 16 (9.0%) 0.001
Pathological N1/N2 1(0.5%) 19 (10.7%) <0.001

PSN, part-solid nodule; PSM, propensity-score matching; GGO, ground glass opacity; CTR, consolidation-to-tumor ratio; ASA, American
Society of Anesthesiologists; BMI, body mass index; FEV1, forced expiratory volume in 1 second; SNS, systematic lymph node sampling;
SND, systematic lymph node dissection; NIA, noninvasive adenocarcinoma; IA, invasive adenocarcinoma; LVI, lymphovascular invasion;
VPI, visceral pleural invasion.

© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2021;10(6):2487-2499 | http://dx.doi.org/10.21037/tler-21-132



Translational Lung Cancer Research, Vol 10, No 6 June 2021

2493

Table 3 Clinicopathological characteristics of part-solid nodules after two propensity-score matching by total lesion size and solid component

size, respectively

Characteristic

PSN, after the first PSM

PSN, after the second PSM

GGO-predominant  Solid-predominant P value GGO-predominant  Solid-predominant P value
(=157, CTR <0.5)  (n=157, CTR >0.5) (n=73, CTR <0.5) (n=73, CTR >0.5)
Sex 0.904 0.603
Female 106 (67.5%) 107 (68.2%) 46 (63.0%) 49 (67.1%)
Male 51 (32.5%) 50 (31.8%) 27 (37.0%) 24 (32.9%)
Age, year 60.9+9.1 60.8+9.6 0.918 62.6+8.8 60.0+9.5 0.105
Smoking history 1.000 1.000
Smoker 11 (7.0%) 11 (7.0%) 2 (2.7%) 3 (4.1%)
Non-smoker 146 (93.0%) 146 (93.0%) 71 (97.3%) 70 (95.9%)
ASA score 0.275 0.593
1 68 (43.3%) 71 (45.2%) 28 (38.4%) 34 (46.6%)
2 83 (562.9%) 74 (47.1%) 42 (57.5%) 36 (49.3%)
3 6 (3.8%) 12 (7.6%) 3 (4.1%) 3 (4.1%)
BMI, kg/m? 22.9+2.9 22.6+3.1 0.471 22.5+2.7 22.6x2.4 0.702
FEV1% predicted 0.550 0.820
>0.8 132 (84.1%) 128 (81.5%) 62 (84.9%) 61 (83.6%)
<0.8 25 (15.9%) 29 (18.5%) 11 (15.1%) 12 (16.4%)
Solid component size, mm 6.5+2.9 12.7+5.0 <0.001 8.7+2.6 8.8+2.8 0.878
Total lesion size, mm 17.9+6.1 18.6+6.3 0.340 21.3+5.6 14.0+4.6 <0.001
Surgery 0.143 0.641
Wedge resection 24 (15.3%) 28 (17.8%) 13 (17.8%) 13 (17.8%)
Segmentectomy 33 (21.0%) 20 (12.7%) 13 (17.8%) 9 (12.3%)
Lobectomy 100 (63.7%) 109 (69.4%) 47 (64.4%) 51 (69.9%)
Lymph node resection 0.909 0.740
SNS 69 (43.9%) 68 (43.3%) 35 (47.9%) 33 (45.2%)
SND 88 (56.1%) 89 (56.7%) 38 (52.1%) 40 (54.8%)
Histological subtype <0.001 0.312
NIA 53 (33.8%) 21 (13.4%) 13 (17.8%) 18 (24.7%)
IA 104 (66.2%) 136 (86.6%) 60 (82.2%) 55 (75.3%)
LVI 1(0.6 %) 8 (5.1 %) 0.042 0 (0 %) 0(0 %) -
VPI 2 (1.3%) 14 (8.9%) 0.002 3 (4.1%) 3 (4.1%) 1.000
Pathological N1/N2 1(0.6%) 16 (10.2%) <0.001 0 (0%) 0 (0%) -

PSN, part-solid nodule; PSM, propensity-score matching; GGO, ground glass opacity; CTR, consolidation-to-tumor ratio; ASA, American
Society of Anesthesiologists; BMI, body mass index; FEV1, forced expiratory volume in 1 second; SNS, systematic lymph node sampling;
SND, systematic lymph node dissection; NIA, noninvasive adenocarcinoma; IA, invasive adenocarcinoma; LVI, lymphovascular invasion;

VPI, visceral pleural invasion.
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Figure 2 Comparison of survival between the GGO-predominant subgroup and the solid-predominant subgroup with similar total lesion
size <30 mm after the first propensity-score matching. (A) For tumors with similar total lesion size, the solid-predominant subgroup had
significantly worse 5-year relapse-free survival (P=0.001) than the GGO-predominant subgroup; (B) for tumors with similar total lesion size,

the solid-predominant subgroup had significantly worse 5-year overall survival (P=0.023) than the GGO-predominant subgroup. GGO,
ground glass opacity.
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Figure 3 Comparison of relapse-free survival between the GGO-predominant subgroup and the solid-predominant subgroup with similar

solid component size <20 mm after the second propensity-score matching. GGO, ground glass opacity.

histological characteristics for lung adenocarcinomas
appearing as GGO-containing nodules on CT scan.
Multivariate survival analysis also indicated that solid

lobectomy in oncological outcomes, regardless of total
lesion size. The results remained similar even for GGO-
containing tumors with solid component size <20 mm but

component size, but not total lesion size or CTR, was
an independent prognostic factor for RFS. When using
solid component size <20 mm as the selection criterion,
sublobar resections did not show inferior efficacy to
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total lesion size >20 mm.

Recent studies on resection extent for early-stage lung
cancers have been focused on lesions with a total size less
than 2 em. The LCSG trial (1) reported a 50% increase of
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Table 4 Univariate and multivariable Cox regression analysis of potential risk factors associated with relapse-free survival in part-solid nodules

(n=372)
RFS
Factor Univariable analysis Multivariable analysis
HR (95% Cl) P value HR (95% CI) P value
Sex, female 1.742 (0.654-4.640) 0.267
Age 1.005 (0.968-1.043) 0.794
Smoking status 1.991 (0.683-5.800) 0.207
ASA score
1 1 -
2 1.048 (0.462-2.374) 0.911
3 1.639 (0.363-7.397) 0.520
BMI, kg/m® 0.962 (0.840-1.100) 0.569
FEV1% predicted 0.999 (0.970-1.027) 0.921
Total lesion size, mm
(0,10] 1 - -
(10, 20] 2.380 (0.298-19.027) 0.414 0.826
(20, 30] 7.322 (0.971-55.217) 0.053 0.784
Solid component size, mm
(0,10] 1 - 1 -
(10,20] 6.992 (2.337-20.920) 0.001 4.577 (1.457-14.382) 0.009
(20,30] 18.538 (4.967-69.184) <0.001 6.351 (1.515-26.628) 0.011
CTR, % 1.041 (1.021-1.062) <0.001 0.753
Surgery,
Sublobar resections 1 - -
Lobectomy 1.732 (0.692-4.337) 0.241 0.624
SND 2.286 (0.955-5.473) 0.063 0.940
LvI 21.739 (8.058-58.647) <0.001 4.266 (1.367-13.312) 0.012
VPI 4.131 (1.417-12.046) 0.009 0.422
M/S component 8.974 (4.022-20.021) <0.001 0.384
Pathological N1/N2 20.554 (9.180-46.023) <0.001 7.401 (2.847-19.237) <0.001

RFS, relapse-free survival; HR, hazard ratio; Cl, confidence interval; ASA, American Society of Anesthesiologists; BMI, body mass
index; FEV1, forced expiratory volume in 1 second; CTR, consolidation-to-tumor ratio; SND, systematic lymph node dissection; LVI,
lymphovascular invasion; VPI, visceral pleural invasion; M/S component, histological micropapillary or solid component.

cancer related death rate and a 75% increase of recurrence
rate associated with sublobar resections. However, tumors
>2 cm were also included in that trial. With the wide-
spread application of CT scan, tumors of smaller size were
increasingly detected. And the current UICC/IASLC

© Translational Lung Cancer Research. All rights reserved.

staging system has further broken down the T1 stage into
3 categories by 1 cm increment. Several retrospective
studies have already observed similar oncological outcomes
between lobectomy and sublobar resections in patients
with small early-stage NSCLC (2,6,17,18). Zhao et al.
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Figure 4 Relapse-free survival after sublobar resections or lobectomy in part-solid nodules (PSN) when solid component size was chosen

as selection criterion for resection extent. (A) Sublobar resections showed comparable relapse-free survival to standard lobectomy (P=0.592)

in PSNs with solid component size <20 mm and total lesion size <30 mm; (B) a subgroup analysis: there was still no significant difference in

relapse-free survival after sublobar resections or lobectomy (P=0.893) in part-solid nodules (PSN) with solid component size <20 mm but

total lesion size >20 mm and <30 mm.

compared segmentectomy and lobectomy among patients
with pathological stage IA adenocarcinomas <20 mm and
demonstrated that segmentectomy was not associated
with worse lung cancer-specific survival after PSM
(5-year survival =83.89% for segmentectomy vs. 86.11%
for lobectomy) (18). Another prospective nonrandomized
multicenter study reported that sublobar resection group
had a similar oncological outcome with lobar resection
group in peripheral cT'INOMO NSCLC of 2 cm or less in
size (2). The 5-year DFS was 85.9% for sublobar resection
group and 83.4% for lobar resection group (P=0.2778).
These results led to the change that sublobar resections may
now be considered as an intentional treatment for tumors
with a total lesion size of 20 mm or less in the clinical
guideline for NSCLC (7). In the current study, we found
that for tumors with similar solid component size <20 mm
and similar resection extents, the GGO-predominant
subgroup had similar histological characteristics and
prognosis with the solid-predominant subgroup. Thus, a
solid component size of 20 mm or less may be considered as
a feasible criterion for guiding sublobar resections.

Another significant change brought by the use of CT
screening was increased detection of GGO-containing
nodules. It should be noted that not all patients included

© Translational Lung Cancer Research. All rights reserved.

in the LCSG trial were diagnosed with adenocarcinomas.
Neither was it known how many adenocarcinoma patients
included had GGO-containing lesions representing a
relatively indolent histology. Consequently, doubts were
raised whether the results of the LCSG trial could also
apply to these GGO-containing adenocarcinomas that
have increasingly become the object of surgical treatment
nowadays (19,20). Recent studies have shown that patients
with GGO-containing nodules especially those pure GGO
lesions without solid component, had favorable prognosis
after sublobar resections, even with a total lesion size
>20 mm (21-23). Our results were in accordance with
these reports in that pure GGO had favorable histological
characteristics and prognosis. We found that visceral
pleural invasion and histological micropapillary or solid
components were observed in merely 0.2% and 0.8% of
patients in the pure GGO group, respectively. And there
was no lymphovascular invasion or lymph node metastasis
observed. Although 33.3% of patients with pure GGO >20
and <30 mm in size received sublobar resections, 5-year
OS was 100% in this group. These results indicated that
sublobar resections were feasible for pure GGO lesions
<30 mm when satisfactory parenchymal resection margin
could be guaranteed.
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In terms of part-solid tumors, it was reported that
radiological GGO and solid component usually correspond
to lepidic pattern and invasive pattern, respectively, in
histology (14). In the eighth edition of AJCC TNM staging
system, T" descriptor for part-solid tumors has been changed
from total lesion size to solid component size (12). Previous
studies also indicated that solid component size was a
better prognostic factor than total lesion size. Su et 4/. (10)
reported a better predictive value of solid component size
for pathological malignant behaviors over total lesion size in
clinical stage TA adenocarcinomas. Another propensity-score
matched study (11) showed that although the total lesion
size of the GGO-dominant lesions was larger than that of
the solid-dominant lesions, no significant differences in
prognosis were observed in node-negative adenocarcinomas
with a similar invasive component size <20 mm (P=0.48 for
DEFS and P=0.52 for OS). We studied the prognosis and
histological characteristics in a group of 372 patients with
PSNs, using two PSM analyses. In PSNs with similar total
lesion size but different solid component size after the first
PSM, we found that the GGO-predominant subgroup had
significantly better performance than the solid-predominant
subgroup in both histological characteristics and prognosis.
Then in PSNs with similar solid component size but
different total lesion size after the second PSM, we found
no significant difference in histological characteristics
or prognosis between the GGO-predominant subgroup
and the solid-predominant subgroup. These results
indicated that the size of GGO had limited impact on
the prognosis of GGO-containing tumors. And it was
the solid component size rather than the total lesion size
that predicted histological characteristics and prognosis
in GGO-containing tumors. Consequently, it seems that
total lesion size may not be an ideal selection criterion for
sublobar resections in GGO-containing adenocarcinomas.

Comparison of sublobar resections and lobectomy is still
underway, including two ongoing prospective randomized
trials (CALGB 140503 and JCOG 0802). Although the
study designs were somewhat different, total lesion size
<2 cm was used as the inclusion criterion in both trials. The
CALGB 140503 trial compares lobectomy with sublobar
resections for tumors of total lesion size <2 cm, without a
definition on tumor histology or GGO component (9). The
JCOG 0802 trial compares segmentectomy with lobectomy
for tumors of total lesion size <2 cm and CTR >0.5 (8). But
the concept of CTR could not be translated into the current
TNM staging of lung cancers, as tumors with similar
solid component size might be grouped to different CTR
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categories. Our results showed that in accordance with the
current TNM staging, solid component size performed
better than total lesion size on predicting histological
characteristics and prognosis. In the current study, when
using solid component size as the selection criterion, we
found a similar 5-year RFS at 95.0% (95% CI: 91.1-98.9%)
after sublobar resections and 93.6% (95% CI: 90.3-96.9%,
P=0.592) after lobectomy in PSNs with solid component
size <20 mm. These include patients having T1a or T1b
tumors with total lesion size <20 mm that would meet the
inclusion criteria in both the JCOG 0802 trial and the
CALGB 140503 trial. Then for tumors with a total lesion
size >20 mm that would not have been included in either of
those two trials or are not indicated for sublobar resections
according to the current guidelines of total lesion size
<20 mm, it remains to be investigated whether sublobar
resections are still non-inferior to lobectomy if the lesion
is GGO-containing and with a solid component size less
than 20 mm. We thus compared the oncological outcomes
in PSNs containing solid component <20 mm but with a
total lesion size >20 and <30 mm. We found that sublobar
resections also showed comparable oncological outcomes
to standard lobectomy. Our results were in accordance
with what was reported by Hattori er a/. (24) that sublobar
resections might still be feasible as long as the tumor is
GGO containing. Consequently, these results indicate
that solid component size is a more appropriate selection
criterion for sublobar resections in GGO-containing lung
adenocarcinomas.

We acknowledged that this study had several limitations.
First, the data was retrieved retrospectively from a
prospectively kept database of a single institution, which
inevitably had intrinsic biases. Second, although PSM
was helpful in eliminating potential confounding factors,
the sample size was reduced to some extent. Third, there
were significant differences in histological characteristics
and prognosis between the 157 matching pairs of GGO-
predominant and solid-predominant nodules of similar
total lesion size, but not between the 73 matching pairs of
nodules with similar solid component sizes. This should be
interpreted with caution because of a more robust statistical
power in the former analysis. Moreover, resection margin
is considered as an important factor relating to prognosis
after sublobar resections for NSCLC. But we were unable
to examine the relationship between resection margin and
the outcomes because of the retrospective nature of our
study. However, our study provides useful information on
how future prospective trials should be designed in order to
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better define the appropriate resection extent for early stage
GGO-containing lung adenocarcinomas.

In conclusion, our results showed that solid component
size better predicts histological characteristics and prognosis
than total lesion size in early-stage GGO-containing lung
adenocarcinomas, and ensures similar outcomes after
lobectomy or sublobar resections in such patients. Thus,
solid component size instead of total lesion size may be a
more appropriate selection criterion for sublobar resections.
Future studies on resection extent for early-stage lung
cancers should be based on solid component size rather
than total lesion size so that their results could better direct
clinical practice.
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