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Abstract

Background: Ground glass opacity (GGO) is associated with favora-
ble survival in lung cancer. However, the relevant evidence of the
difference in prognostic factors between GGO and pure-solid nodules
for pathological stage I invasive adenocarcinoma (IAC) is limited. We
aimed to identify the impact of GGO on survival and find prognostic
factor for part-GGO and pure-solid patients.

Methods: Between December 2007 and August 2018, patients with
pathological stage I IAC were retrospectively reviewed and catego-
rized into the pure-GGO, part-GGO, and pure-solid groups. Survival
curves were analyzed by the Kaplan-Meier method and compared by
log-rank tests. Least absolute shrinkage and selection operator and
Cox regression models were used to obtained prognostic factors for
disease-free survival (DFS) and overall survival (OS).

Results: The number of patients with pure-GGO, part-GGO, and
pure-solid was 134, 540, and 396, respectively. Part-GGO patients
with consolidation-tumor-ratio (CTR) > 0.75 had similar outcome to
those with pure-solid nodules. In part-GGO patients, CTR was nega-
tively associated with OS (P = 0.007) and solid tumor size (STS) was
negatively associated with DFS (P <0.001). Visceral pleural invasion
(VPI) was negatively associated with OS (P = 0.040) and DFS (P =
0.002). Sublobectomy was negatively associated with OS (P = 0.008)

Manuscript submitted May 20, 2022, accepted August 1, 2022
Published online October 22, 2022

aDepartment of Thoracic Surgery, State Key Laboratory of Oncology in South
China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-sen
University Cancer Center, Guangzhou, Guangdong, China

bDepartment of Medical Oncology, State Key Laboratory of Oncology in
South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-
sen University Cancer Center, Guangzhou, Guangdong, China

“Department of Laboratory Medicine, State Key Laboratory of Oncology in
South China, Collaborative Innovation Center for Cancer Medicine, Sun Yat-
sen University Cancer Center, Guangzhou, Guangdong, China

dThese authors contributed equally to drafting this manuscript.
¢Corresponding Author: Jun Ye Wang and Shu Qin Dai, State Key Labora-
tory of Oncology in South China, Collaborative Innovation Center for Cancer
Medicine, Sun Yat-sen University Cancer Center, Guangzhou 510060, Guang-
dong, China. Email: wangjy@sysucc.org.cn and daishq@sysucc.org.cn

doi: https://doi.org/10.14740/wjon1499

and DFS (P = 0.005), while extended N1 stations examination was
associated with improved DFS (P = 0.005) in pure-solid patients.

Conclusions: Though GGO component is a positively prognostic
factors of patients with pathological stage I IAC, a small proportion
of GGO components is not associated with favorable survival. VPI,
STS and CTR are the significant predictors for part-GGO patients.
Sublobectomy, especially wedge resection should be used cautiously
in pure-solid patients.

Keywords: Lung adenocarcinoma; Ground glass opacity; Solid tu-
mor size; Consolidation tumor ratio; Prognostic factor

Introduction

Ground glass opacity (GGO) is defined as a hazy opacity with-
out obscuring the underlying pulmonary vessels or bronchial
structures in the lung window [1]. Substantial studies have
demonstrated that the presence of the GGO component is as-
sociated with better prognosis in patients with non-small cell
lung cancer (NSCLC) [2-4]. However, there are still some
questions that need further exploration.

A considerable proportion of nodules with GGO compo-
nents were diagnosed as adenocarcinoma in situ (AIS) and
minimally invasive adenocarcinoma (MIA), while patients
with AIS or MIA were observed to have no recurrence and the
5-year overall survival (OS) rate was nearly 100% [5, 6]. At the
same time, the 5-year OS rate for pathological stage I patients
was only from 73% to 90% [7]. It is not difficult to conclude
that almost all recurrent patients with adenocarcinoma suffered
from invasive adenocarcinoma (IAC). However, evidence es-
pecially concentrated on the significance of GGO components
in patients with pathological stage I IAC is limited.

There has long been discussed whether GGO contain-
ing early-stage lung cancers should be staged differently from
those pure-solid ones [2, 6, 8]. Whereas the practical extension
of previous studies was limited due to their neglect in different
prognostic factors between GGO and pure-solid nodules, which
might play vital roles in identifying patients at high risk and mak-
ing individual treatment and follow-up plans. Only few studies
reported the distinct prognostic factors of GGO and pure-solid
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nodules in stage I NSCLC, which included a large proportion of
lung squamous carcinoma (LUSC). It is well known that almost
all LUSCs is pure-solid nodules while lung adenocarcinoma
(LUAD) and LUSC also differ greatly in prognosis and treat-
ment. Hence, one study included only stage I IAC is needed.

The eighth staging system for cT stage is based on solid
tumor size (STS) rather than whole tumor size. However, the
prognostic value of STS or consolidation-tumor-ratio (CTR)
is poorly understood and controversial. Su et al reported that
CTR rather than STS is an independent prognostic factor for
stage I LADC [9]. Nakada et al reviewed 32 publications and
concluded that STS or mediastinal diameter instead of CTR
are optimal prognostic radiological tools for stage I NSCLC
[10]. Ye et al analyzed 841 GGOs and noted that none of CTR
and STS could predict the prognosis [11].

Mutations of epidermal growth factor receptor (EGFR)
and anaplastic lymphoma kinase (4LK), which play an impor-
tant role in the treatment of LUAD, exist in a large propor-
tion of LUAD [12]. It is valuable to be aware of the relation
between the GGO pattern and gene mutation, but the relevant
report of their association is inadequate.

Therefore, we reviewed patients with stage I IAC from a
large, homogeneous cohort at our institution to identify the value
of GGO components on prognosis and find differences in prog-
nostic factor and gene mutation status between part-GGO and
pure-solid patients. We also aimed to investigate whether CTR
or STS was associated with prognosis of patients with part-GGO.

Patients and Methods

Patients

Patients with IA-IB LADC who received radical surgery be-
tween January 2012 and June 2018 at the Sun Yat-sen Univer-
sity Cancer Center were retrospectively reviewed in this study.
We obtained approval from the Institutional Review Board
(IRB) of the Sun Yat-sen University Cancer Center (IRB No.
SZR2019-108), and the written informed consent for this retro-
spective study was waived. This study was conducted in com-
pliance with the ethical standards of the responsible institution
on human subjects as well as with the Helsinki Declaration.

Key inclusion criteria were as follows: 1) pathological di-
agnosis of stage IA-IB (pT1a-T2aNOMO0) LUAD; 2) confirmed
negative surgical margin (R0). Patients who met the following
criteria were excluded: 1) received neoadjuvant therapy; 2) mul-
tiple primary tumors; 3) death within 1 month after surgical resec-
tion due to any cause; 4) pathological diagnosis of AIS and MIA.
The tumor pathologic staging was based on the eighth American
Joint Committee on Cancer (AJCC) staging edition [13].

Radiological evaluation gene testing methods

Thin slice computed tomography (CT) scans were reviewed
by two radiologists independently to measure the GGO and
consolidation component. Tumor size was defined as the maxi-
mum diameter in the axial plane in lung window. STS was de-
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fined as the maximum diameter of the solid component. CTR
was defined as the ratio of the STS to the tumor size. For the
pure-GGO tumor, CTR = 0, for the part-GGO tumor, 0 < CTR
< 1 and for the pure-solid tumor, CTR = 1 [14]. For EGFR
mutations detecting, DNA extraction and analysis of exons 18,
19, 20, and 21 were performed using amplification refractory
mutation system-polymerase chain reaction (ARMS-PCR).
EML4-ALK fusion was screened with reverse transcriptase-
polymerase chain reaction (RT-PCR) and immunohistochem-
istry, confirmed with fluorescent in sifu hybridization (FISH).

Follow-up and endpoints

The follow-up was performed every 3 months for the first 2
years, every 6 months until 5 years and once a year thereafter; it
mainly included routine blood examination and chest CT scans.
Brain magnetic resonance imaging, bone scintigraphy, and posi-
tron emission tomography were performed if necessary.

The main endpoints of this study were the overall survival
time (OS) and the disease-free survival time (DFS). The DFS
was defined as the time from the date of the surgery to the date
of the first event recurrence or death due to any cause; and the
OS was calculated from the date of operation to the date of
death due to any cause or the last follow-up.

Statistical analysis

Continuous data are shown as the mean + standard deviation
(SD) or median and were compared using Student’s #-test or
analysis of variance test. Pearson’s y2, Kruskal-Wallis H test or
Mann-Whitney U test was used to compare categorical data. We
used the Kaplan-Meier method to calculate survival curves and
log-rank test to compare the survival. Cox proportional hazards
regression models were used to identify prognostic factors. Fac-
tors with a P value less than 0.05 in the univariate Cox model
were further entered in the least absolute shrinkage and selection
operator (LASSO) analysis to remove multicollinearity. Factors
with statistical significance in LASSO analysis were finally en-
tered in the multivariate Cox regression analysis. Factors assessed
in this study mainly included: sex, age, pathological tumor size,
STS, visceral pleural invasion (VPI), CT characteristics, smok-
ing history, differentiation degree, TNM stage, vascular invasion,
operative approach, number of N2 station examined, number of
N1 station examined, and CTR. All statistical analyses were per-
formed using SPSS software version 22.0 for Windows (SPSS
Inc, Chicago, IL, USA) and R software (version 4.0.3; http://
www.r-project.org). P value < 0.05 was seen as statistical signifi-
cance and the reported significance levels were all two-sided.

Results

Patient characteristics

The baseline characteristics of 1070 patients with pathologi-
cal stage I IAC are shown in Table 1. The median age of the
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Table 1. Patient Characteristics

Radiologic characteristic on CT P value
Characteristics Pure-GGO  Part-GGO Pure-solid  Overall (n Pvalue  Ppartsolidvs.
(n=134) (n =540) (n=396) =1,070) pure-solid
Gender 0.008 0.033
Male 56 (41.8) 266 (49.3) 223 (56.3) 545 (50.9)
Female 78 (58.2) 274 (50.7) 173 (43.7) 525 (49.1)
Age (year) 56.5+9.0 59.9+9.1 61.0+94 59.8+93 <0.001 0.087
Pathological tumor size (cm) 1.4+£0.6 23+0.8 23+0.8 22+0.8 <0.001 0.357
Solid tumor size (cm) 0 1.6+ 1.0 22+09 1.6+ 1.0 <0.001 <0.001
Smoking history <0.001 0.028
No 107 (79.9) 353 (65.4) 231 (58.3) 691 (64.6)
Yes or ever 27 (20.1) 187 (34.6) 165 (41.7) 379 (35.4)
8th TNM stage <0.001 <0.001
1A 115 (85.8) 318 (58.9) 187 (47.2) 620 (57.9)
IB 19 (14.2) 222 (41.1) 209 (52.8) 450 (42.1)
Differentiation degree <0.001 <0.001
Well 61 (45.5) 52 (9.6) 20 (5.1) 133 (12.4)
Moderate 67 (50.0) 352(65.2) 226 (57.1) 645 (60.3)
Poor 6 (4.5) 136 (25.2) 150 (37.9) 292 (27.3)
Visceral pleura invasion <0.001 0.009
Negative 116 (86.6) 383 (70.9) 249 (62.9) 748 (69.9)
Positive 18 (13.4) 157 (29.1) 147 (37.1) 322(30.1)
Vascular invasion 0.028 0.579
Negative 133 (99.3) 508 (94.1) 369 (93.2) 1,010 (94.4)
Positive 1(0.7) 32(5.9) 27 (6.8) 60 (5.6)
Number of N2 station examined 2.7+1.5 32+14 32+14 32414 <0.001 0.938
Number of N1 station examined 28+1.2 27+1.2 27+12 27+12 0.442 0.568
Surgical approach <0.001 0.022
Sublobectomy 23 (17.2) 36 (6.7) 13 (3.3) 72 (6.7)
Lobectomy and others 111 (82.8) 504 (93.3) 383 (96.7) 998 (93.3)
Thoracotomy or VATS <0.001 0.608
Thoracotomy 31 (23.1) 216 (40.0) 165 (41.7) 412 (38.5)
VATS 103 (76.9) 324 (60.0) 231 (58.3) 658 (61.5)
EGFR gene mutation 0.2223 0.0842
Negative 34 (25.4) 158 (29.3) 131 (33.1) 323 (30.2)
Positive 47 (35.1) 236 (43.7) 149 (37.6) 432 (40.4)
Unknown 53 (39.6) 146 (27.0) 116 (29.3) 315 (29.4)
ALK rearrangement 0.7552 0.955%
Negative 73 (54.5) 317 (58.7) 229 (57.8) 619 (57.9)
Positive 1(0.7) 10 (1.9) 7 (1.8) 18 (1.7)
Unknown 60 (44.8) 213 (39.4) 160 (40.4) 433 (40.5)

VATS: video-assisted thoracoscopic surgery; EGFR: epidermal growth factor receptor; ALK: anaplastic lymphoma kinase; CT: computed tomogra-
phy; GGO: ground-glass opacity. 2The P value was calculated excluded the patients with unknown EGFR or ALK status.
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investigated 545 male and 525 female patients was 61 (range
29 to 82 years). The number of patients with pure-GGO, part-
GGO, and pure-solid was 134, 540, and 396, respectively.
These three groups differed in gender (P = 0.008), age (P <
0.001), solid component size (P < 0.001), smoking history (P
<0.001), eighth TNM stage (P < 0.001), differentiation degree
(P <0.001), VPI (P <0.0001), vascular invasion (P < 0.001),
number of N2 station examined (P < 0.001), surgical approach
(P < 0.001), and thoracotomy or video-assisted thoracoscopic
surgery (VATS) (P < 0.001) were significantly different. When
only comparing patients with part-GGO and pure-solid, pa-
tients in pure-solid group had a larger solid component size
(P <0.001), more smokers (P = 0.028), more patients in stage
IB (P < 0.001), more patients with poor differentiation degree
(P < 0.001) and VPI (P = 0.009), and less patients received
sublobectomy (P = 0.022). When excluding patients with un-
known EGFR and ALK status, we observed a tendency that
patients in the part GGO group had a higher rate of EGFR gene
mutation (59.9% versus 53.2%, P = 0.084).

Survival analysis in entire cohort

The median follow-up time of entire cohort was 48.2 months.
The 5-year OS rate of patients in pure-GGO, part-GGO, and
pure-solid group was 99.1%, 92.6%, and 86.0%, respectively
(log-rank P = 0.0021) (Fig. la). Only one patient died after
resection in the pure-GGO group and there was no appar-
ent difference in OS between the part-GGO and pure-solid
group (log-rank P = 0.051). The 5-year DFS rate of patients
in the pure-GGO, part-GGO, and pure-solid group was 93.1%,
85.4%, and 72.3%, respectively (log-rank P < 0.0001), (Fig.
1b). Table 2 and Supplementary Material 1 (www.wjon.org)
shows the LASSO regression and Cox proportional risk regres-
sion results for OS and DFS in the entire cohort. In the analysis
of OS, advanced age (P = 0.001; hazard ratio (HR) 1.042; 95%
confidence interval (CI): 1.017 - 1.067) and VPI (P = 0.009;
HR 1.748; 95% CI: 1.153 - 2.652) were negatively correlated
with OS. Female (P=0.003; HR 0.509; 95% CI: 0.327 - 0.793)
and pure-GGO (P = 0.032; HR 0.114; 95% CI: 0.016 - 0.834)
were positively correlated with OS. In the analysis of DFS,
larger pathological tumor size (P < 0.001; HR 1.451; 95% CI:
1.205 - 1.747) and VPI (P < 0.001; HR 1.698; 95% CI: 1.265
- 2.279) were the negatively prognostic factors of DFS. Fe-
male sex (P = 0.007; HR 0.663; 95% CI: 0.495 - 0.888), the
number of N1 stations examined (P =0.01; HR 0.844; 95% CI:
0.742 - 0.960), and GGO component: part-GGO (P = 0.001;
HR 0.605; 95% CI: 0.449 - 0.815), pure-GGO (P = 0.003; HR
0.252; 95% CI: 0.101 - 0.629) were the positively prognostic
factors of DFS.

Survival analysis in part-GGO group

To identify prognostic factors for patients with part-GGO, we
performed LASSO and Cox analysis in the part-GGO group
and results are shown in Table 3 and Supplementary Material 2
(www.wjon.org). In the analysis of OS, female sex (P =0.001;
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HR 0.329; 95% CI: 0.170 - 0.635) was positively associated
with OS, while CTR (P = 0.007; HR 1.402; 95% CI: 1.096 -
1.792) and VPI (P = 0.040; HR 1.894; 95% CI: 1.029 - 3.485)
were negatively associated with OS. In the analysis of DFS,
female sex (P < 0.001; HR 0.381; 95% CI: 0.236 - 0.613) was
the positively prognostic factor of DFS while STS (P < 0.001;
HR 1.773; 95% CI: 1.372 - 2.290) and VPI (P = 0.002; HR
2.022; 95% CI: 1.296 - 3.154) were the negatively prognostic
factors of DFS.

To further investigate the impact of CTR on survival, we
divided the part-GGO group into three subgroups according
to CTR: 0 <CTR £0.25,0.25 <CTR £0.75, and 0.75 < CTR
<1, and compared the survival with pure-GGO and pure-solid.
As shown in Figure 2, there was a significant difference in
OS (log-rank P = 0.00093) and DFS (log-rank P < 0.0001) of
patients with different rank of CTR. Interestingly, there were
no significant difference in OS and DFS between CTR =0 and
0 <CTR < 0.25 (OS: log-rank P = 0.639; DFS: log-rank P =
0.334) as well as 0.75 < CTR < I and CTR =1 (OS: log-rank
P=0.992; DFS: log-rank P = 0.245) (Fig. 2a, b).

Survival analysis in pure-solid group

In the pure-solid group, patients who received sublobectomy
had a worse OS (log-rank P =0.0010), (Fig. 3a) and DFS (log-
rank P=0.00071), (Fig. 3b). Table 4 and Supplementary Mate-
rial 3 (www.wjon.org) showed the Lasso and Cox regression
analyses in pure-solid group. Advanced age (P < 0.001; HR
1.073; 95% CI: 1.035 - 1.112) and sublobectomy (P = 0.008;
HR 4.118; 95% CI: 1.455 - 11.657) were negative prognos-
tic factors of OS while larger pathological tumor size (P =
0.012; HR 1.377; 95% CI: 1.074 - 1.766) and sublobectomy
(P =0.005; HR 3.150; 95% CI: 1.401 - 7.081) were negative
prognostic factors for DFS. In addition, patients with extended
N1 stations examined (P = 0.008; HR 0.517; 95% CI: 0.317 -
0.842) were associate with improved DFS.

Discussion

Although there is consensus that the presence of GGO com-
ponents is associated with better prognosis in patients with
NSCLC [2-4], some questions require further study. We dis-
covered that patients with a small proportion of GGO com-
ponents (CTR > 0.75) did not get survival benefit compared
with pure-solid. We also found that prognostic factors were
disparate between part-GGO, and pure-solid patients while
both CTR and STS were associate with outcome in patients
with part-GGO.

NSCLC can be further divided into LUAD and LUSC ac-
cording to morphology and immunohistochemistry. Different
histological types have different molecular make-up, response
to systemic therapy and prognosis [15]. Many studies indi-
cate that a GGO on chest CT was always diagnosed as LUAD
[16-18]. A GGO pathologically confirmed as LUSC is rare.
Therefore, we did not review LUSC patients in this study. In
addition, patients with AIS or MIA were observed to have no
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Figure 1. (a) OS for patients with pure-GGOs, part-GGOs and pure-solid nodules. (b) DFS for patients with pure-GGOs, part-

GGOs and pure-solid nodules. OS: overall survival; DFS: disease-free survival; GGO: ground-glass opacity.
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Table 2. LASSO and Cox Regression Analyses for All Patients

R Univariate analysis LASSO analysis Multivariate analysis
P value Coefficient HR (95% CI) P value
Analysis of OS
Gender <0.001 -0.463 0.509 (0.327 - 0.793) 0.003
Age (year) <0.001 0.038 1.042 (1.017 - 1.067) 0.001
Pathological tumor size (cm) 0.008 0.17 1.207 (0.923 - 1.580) 0.179
Smoking history 0.001 0.144 1.165 (0.670 - 2.028) 0.588
8th TNM stage (IA versus IB) 0.017
Differentiation degree 0.289
Well Reference Reference
Moderate 0.594 0.950 (0.436 - 2.069) 0.897
Poor 0.021 1.538 (0.697 - 3.395) 0.287
Visceral pleura invasion 0.011 0.465 1.748 (1.153 - 2.652) 0.009
Vascular invasion 0.301
Operative approach 0.256
Number of N2 stations examined 0.045 -0.083 0.905 (0.776 - 1.057) 0.207
Number of N1 stations examined <0.001 -0.145 0.851 (0.709 - 1.021) 0.083
Presence of GGO component -0.334
Pure - solid Reference Reference
Part GGO 0.053 0.753 (0.495 - 1.146) 0.185
Pure GGO 0.023 0.114 (0.016 - 0.834) 0.032
Thoracotomy or VATS 0.785
Analysis of DFS
Gender 0.001 -0.321 0.664 (0.493 - 0.894) 0.007
Age (year) 0.185
Pathological tumor size (cm) <0.001 0.332 1.451 (1.205 - 1.747) <0.001
Smoking history 0.003 0.026 1.035 (0.694 - 1.543) 0.866
8th TNM stage (IA versus IB) <0.001 0.782 (0.437 - 1.398) 0.406
Differentiation degree 0.132
Well Reference Reference
Moderate 0.078 1.177 (0.645 - 2.145) 0.595
Poor 0.002 1.359 (0.724 - 2.551) 0.339
Visceral pleura invasion <0.001 0.495 1.698 (1.265 -2.279) <0.001
Vascular invasion 0.043 0.339 1.543 (0.890 - 2.677) 0.122
Operative approach 0.371
Number of N2 stations examined 0.209
Number of N1 stations examined 0.008 -0.147 0.844 (0.742 - 0.960) 0.010
Presence of GGO component -0.481
Pure - solid Reference Reference
Part GGO <0.001 0.605 (0.449 - 0.815) 0.001
Pure GGO <0.001 0.252 (0.101 - 0.629) 0.003
Thoracotomy or VATS 0.381

LASSO: the least absolute shrinkage and selection operator; HR: hazard ratio; Cl: confidence interval; OS: overall survival; DFS: disease-free sur-
vival; VATS: video-assisted thoracoscopic surgery; GGO: ground-glass opacity.
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Table 3. LASSO and Cox Regression Analyses for Patients With Part-GGOs

Factors Univariate analysis LASSO analysis Multivariate analysis
P value Coefficient HR (95% CI) P value
Analysis of OS
Gender 0.001 -1.021 0.329 (0.170 - 0.635) 0.001
Age (year) 0.391
Solid tumor size (cm) <0.001 0.042 1.138 (0.711 - 1.820) 0.590
Smoking history 0.008 0.013 1.052 (0.497 - 2.226) 0.894
8th TNM stage (IA versus IB) 0.011 0.073 1.131 (0.383 - 3.341) 0.823
Differentiation degree
Well Reference
Moderate 0.537
Poor 0.320
Visceral pleura invasion 0.013 0.495 1.894 (1.029 - 3.485) 0.040
Vascular invasion 0.272
Operative approach 0.988
Number of N2 stations examined 0.169
Number of N1 stations examined 0.054
CTR 0.001 3.081 1.401 (1.096 — 1.792) 0.007
Thoracotomy or VATS 0.387
Analysis of DFS
Gender <0.001 -0.896 0.381 (0.236 - 0.613) <0.001
Age (year) 0.477
Solid tumor size (cm) <0.001 0.357 1.773 (1.372 - 2.290) <0.001
Smoking history 0.005
8th TNM stage (IA versus IB) <0.001
Differentiation degree
Well Reference
Moderate 0.964
Poor 0.135
Visceral pleura invasion <0.001 0.645 2.022 (1.296 - 3.154) 0.002
Vascular invasion 0.049 0.573 1.935 (0.930 - 4.028) 0.078
Operative approach 0.515
Number of N2 stations examined 0.428
Number of N1 stations examined 0.495
CTR <0.001 1.051 2.530 (0.261 - 24.481) 0.493
Thoracotomy or VATS 0.760

LASSO: the least absolute shrinkage and selection operator; HR: hazard ratio; Cl: confidence interval; CTR: consolidation-tumor-ratio; OS: overall
survival; DFS: disease-free survival; VATS: video-assisted thoracoscopic surgery; GGO: ground-glass opacity.

recurrence and the 5-year OS rate was nearly 100% [5, 6],
which was already seen as positive indicator of LUAD. So, in
this study, our large, homogeneous cohort only included IAC.

For part-GGO, one debate is whether CTR or STS is the
indicator of prognosis. The classification of cT stage in the
new staging system is according to STS [19]. The JCOG 0201
trial demonstrated that CTR can be used to predict pathologi-
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cal invasiveness of a nodule with 2 cm or less [20]; and the
future JCOG 0804 and 0802 trials were performed according
to CTR. However, Ye et al reviewed 988 clinical stage IA LU-
ADs and found neither STS nor CTR were the prognostic fac-
tor of part-GGO [21]. In this study, we found both CTR (OS, P
=0.003) and STS (DFS, P <0.001) were independent prognos-
tic factors of patients with part-GGO. In addition, we found the
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Figure 2. (a) OS for patients with different grade of CTR. (b) DFS for patients with different grade of CTR. OS: overall survival;
DFS: disease-free survival; CTR: consolidation-tumor-ratio.
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Figure 3. (a) OS for patients with sublobectomy and lobectomy or others. (b) DFS for patients with sublobectomy and lobectomy
or others. OS: overall survival; DFS: disease-free survival.
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Table 4. LASSO and Cox Regression Analyses for Patients With Pure-Solid

oo Univariate analysis LASSO analysis Multivariate analysis
P value Coefficient HR (95% CI) P value
Analysis of OS
Gender 0.675
Age (year) <0.001 0.068 1.073 (1.035 - 1.112) <0.001
Pathological tumor size (cm) 0.800
Smoking history 0.117
8th TNM stage (IA versus IB) 0.906
Differentiation degree
Well Reference
Moderate 0.822
Poor 0.640
Visceral pleura invasion 0.518
Vascular invasion 0.929
Operative approach 0.003 1.382 4.118 (1.455 - 11.657) 0.008
Number of N2 stations examined 0.108
Number of N1 stations examined 0.184
Thoracotomy or VATS 0.385
Analysis of DFS
Gender 0.535
Age (year) 0.164
Pathological tumor size (cm) 0.024 0.312 1.377 (1.074 - 1.766) 0.012
Smoking history 0.949
8th TNM stage (IA versus IB) 0.121
Differentiation degree
Well Reference
Moderate 0.909
Poor 0.735
Visceral pleura invasion 0.065
Vascular invasion 0.649
Operative approach 0.002 1.104 3.150 (1.401 - 7.081) 0.005
Number of N2 stations examined 0.258
Number of N1 stations examined 0.004 -0.175 0.517 (0.317 - 0.842) 0.008
Thoracotomy or VATS 0.744

LASSO: the least absolute shrinkage and selection operator; HR: hazard ratio; Cl: confidence interval; CTR: consolidation-tumor-ratio; OS: overall
survival; DFS: disease-free survival; VATS: video-assisted thoracoscopic surgery.

survival of part-GGO with CTR no more than 0.25 was close
to the survival of pure-GGO, while the survival of part-GGO
with CTR more than 0.75 was close to the survival of pure-
solid. Unlike a previous study [22], we found a small propor-
tion of GGO component was not related with better survival in
pathological stage I IAC. Based on these results, we suggested
the treatment and follow-up strategies for the part-GGO with
CTR more than 0.75 should be the same as for the pure-solid,
and the cT classification of next TNM staging system should
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consider CTR as well.

VPI was seen as an important prognostic factor and re-
garded as a vital feature in the TNM staging system of NSCLC
[23, 24]. Hattori et al retrospectively analyzed 466 patients
with pathological NO and mentioned that VPI was not a prog-
nostic factor in part-GGO patients [25]. Fu et al reviewed
2,010 cases and supported that VPI had no prognostic value
in part-GGO patients [26]. However, we revealed VPI was
also an independent prognostic factor of DFS in patients with
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part-GGO (P = 0.002) in current study. Therefore, we should
not ignore the prognostic role of VPI in patients with stage IB
part-GGO, and carefully consider adjuvant therapy for them.

Sublobectomy has been wildly used for early-stage
NSCLC, especially for patients with GGO components. The
Japan Clinical Oncology Group (JCOG) 0804 trial has proven
that sublobar resection with or without lymph node examined
could provide a satisfactory local control and long-term sur-
vival in nodules with diameter less than 2 cm and CTR of 0.25
or less [27]. Cho et al reported that a nodule with a CTR of 0.25
or less after wedge resection showed an excellent prognosis
[28]. A multi-center retrospective study’s findings supported
sublobar resection could successfully treat the GGO-dominant
nodules [29]. Results of our study also showed that sublobec-
tomy provided similar outcomes in patients with part-GGO
while the number of N2/Nlstation examined was not associ-
ated with prognosis. However, in patients with pure-solid nod-
ules, sublobectomy and a smaller number of N1 station exam-
ined were associated with poor outcome. Considering wedge
resection provided less extensive intraparenchymal and hilar
lymph nodes’ dissection [30], sublobectomy especially wedge
resection, should be cautiously adopted in pure-solid patients.

Some limitations in this study should be mentioned. First,
this study is a single-center retrospective study, selection bias
and recall bias might exist due to its retrospective nature. Sec-
ond, spread through air space (STAS) is a negatively prognos-
tic factor of NSCLC which associated with a GGO component
[31]. However, STAS is absent in our study. Furthermore, the
subtype of adenocarcinoma, which has been recognized as an
important risk factor for LUAD [32], was not included in cur-
rent study.

Conclusions

Though GGO component is a positively prognostic factors of
patients with pathological stage I IAC, a small proportion of
GGO components did not improve the survival for patients
with pathological stage I IAC. Part-GGO patients with CTR
more than 0.75 had similar survival with pure-solid patients.
VPI, STS, and CTR are significant predictors for patients with
part-GGO. For patients with pure-solid nodules, sublobar re-
section, especially wedge resection should be avoided.
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