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Effects of a ground-glass opacity component on the recurrence 
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Background: This study aimed to evaluate the effect of the presence of a radiographically manifested ground-
glass opacity (GGO) component on the prognosis of patients with pathological stage IA3 lung adenocarcinoma. 
Methods: Patients diagnosed with pathological stage IA3 lung adenocarcinoma who underwent radical 
surgery at two medical institutions in China between July 2012 and July 2020 were enrolled. The cumulative 
incidence of recurrence (CIR) and cumulative incidence of death (CID) in patients with and without a 
GGO component were compared. Risk curves for the recurrence and tumor-related death overtime were 
analyzed between the two groups according to life table. In order to validate the prognostic value of GGO 
components, the recurrence-free survival (RFS) and cancer-specific survival (CSS) were estimated. Decision 
curve analysis (DCA) was performed to evaluate the clinical benefit rate of different models.
Results: Among the 352 included patients, the presence of a GGO component was radiographically 
shown in 166 (47.2%) patients, while 186 (52.8%) displayed solid nodules. Patients exhibiting the absence 
of a GGO component had higher incidences of total recurrence (17.2% vs. 3.0%, P<0.001), local-regional 
recurrence (LRR) (5.4% vs. 0.6%, P=0.010), distant metastasis (DM) (8.1% vs. 1.8%, P=0.008), and multiple 
recurrences (4.3% vs. 0.6%, P=0.028) than the presence-GGO component group. The 5-year CIR and CID 
were 7.5% and 7.4% in the presence-GGO component group, and 24.5% and 17.0% in the absence-GGO 
component group, respectively, with statistically significant differences between the two groups (P<0.05). 
The risk of recurrence in patients with the presence of GGO components showed a single peak at 3 years 
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Introduction

With the development of high-resolution computed 
tomography (HRCT) and multidetector computed 
tomography (MDCT), more cases of early-stage non-
small cell lung cancer (NSCLC) are being detected (1). 
Based on radiological findings, early lung cancers exhibit 
pure ground-glass opacity (GGO), partial solids, or pure 
solids (2). A series of studies have shown that lung cancers 
without GGO components are more aggressive than those 
with GGO components (3,4). Therefore, a consolidation-

to-tumor ratio (CTR) greater than 0.5 was defined as 
radiation-aggressive lung cancer by the Japanese Clinical 
Oncology Group (5). Moreover, the clinical T stage of the 
8th Tumor Node Metastasis (TNM) staging system was 
determined primarily by the size of the solid component of 
the tumor, excluding the GGO component (6,7).

In recent years, an increasing amount of convincing 
evidence has shown that CTR and solid component size 
are associated with the prognosis of early NSCLC (8,9). 
The degree of malignancy of the tumors varies according 
to the different sizes of the GGO component, and tumors 
with more GGO components are less aggressive (10-13). 
However, previous results have shown that tumors with a 
small percentage of GGO on computed tomography (CT) 
scans of the thorax have a good prognosis compared to 
pure solid stage IA NSCLC (14), and this was confirmed by 
Kamigaichi et al. (15). In addition, some researchers have 
suggested that the presence of a GGO component itself is a 
favorable indicator (16), even for long-term survivors after 
radical lung adenocarcinoma surgery, while the absence of 
a GGO component still affects patients' recurrence and 
survival (17).

The effect of radiographically presented GGO 
components on the prognosis of patients with pathological 
stage IA3 lung adenocarcinoma (2–3 cm) is not well 
established. Therefore, we used multicenter data to 
compare the cumulative recurrence and mortality rates 
of patients with or without GGO components and to 
clarify the differences in the risk of recurrence and tumor-
related death between these two groups. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://tlcr.amegroups.com/article/

postoperatively, while patients with the absence of GGO components showed a double peak at 1 and 5 years 
after surgery, respectively. However, the risk of tumor-related death peaked in both groups at 3 and 6 years 
postoperatively. Multivariate Cox analysis showed that the presence of a GGO component was a favorable 
independent risk factor for pathological stage IA3 lung adenocarcinoma patients (P<0.05). 
Conclusions: Pathological stage IA3 lung adenocarcinoma with or without GGO components are two 
types of tumors with different invasive abilities. In clinical practice, we should develop different treatment 
and follow-up strategies.
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Highlight box

Key findings 
•	 We used multicenter data to demonstrate that pathological stage 

IA3 lung adenocarcinoma patients with GGO components had 
a better prognosis than those without GGO components. This 
important finding provides a reference value for the identification 
of patients with pathological stage IA3 lung adenocarcinoma and a 
high recurrence rate.  

What is known and what is new?  
•	 The prognostic value of GGO components in patients with 

pathological stage IA3 was previously investigated.
•	 This study analyzed the effects of GGO components on dynamic 

recurrence and death in patients with pathological stage IA3 lung 
adenocarcinoma.

What is the implication, and what should change now? 
•	 Our study showed that active follow-up and postoperative 

adjuvant therapy should be adopted for pathological stage IA3 
lung adenocarcinoma without GGO components in the future, 
which will change the current treatment method for patients with 
pathological stage IA3 lung adenocarcinoma.

https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-246/rc
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view/10.21037/tlcr-23-246/rc).

Methods

Study population

We conducted a retrospective analysis of 352 patients 
diagnosed with pathological stage IA3 lung adenocarcinoma 
at two medical organizations in China between July 2012 
and July 2020. The participants included patients from 
the Fujian Medical University Union Hospital (n=235) 
and the First Hospital of Putian (n=117). The inclusion 
criteria were as follows: (I) pathological stage IA3 lung 
adenocarcinoma according to the 8th TNM staging system; 
(II) radical surgery; and (III) negative postoperative 
pathological margins. The exclusion criteria were as 
follows: (I) preoperative neoadjuvant chemoradiotherapy; 
(II) multiple primary lung adenocarcinomas; (III) palliative 
surgery; (IV) death within 30 days after surgery; and (V) 
incomplete clinicopathological information records and loss 
of follow-up (Figure S1).

This study was reviewed and approved by the Ethics 
Committee of the Fujian Medical University Union 
Hospital (No. 2018KY033) and the First Hospital of Putian 
(No. 2020KJT009), and was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). All of the 
included patients signed the informed consent.

Definition

The preoperative clinical staging and postoperative 
pathological staging were performed for all patients 
according to the 8th edition TNM staging. The patients 
underwent segmentectomy or lobectomy plus mediastinal 
lymphatic nodes dissection routinely; in case of poor lung 
function such as not to tolerate a lobectomy, the segmental 
resection was performed.

All patients underwent chest CT scans and were analyzed 
by professional radiologist authors. In this study, 16-slice 
spiral CT was used as the main imaging method for the 
chest of patients, and the GGO component of all tumors 
was evaluated by the thickness of lung field imaging of 
1.25–5 mm. “Lung window” is defined as window height of 
−500 to −700 H and window depth of 1,000–2,000 H. The 
CTR was calculated from the ratio of the solid component 
of the tumor to the maximum diameter on chest CT. The 
presence of a GGO component in this study was defined 
as 0≤ CTR <1 on CT (Figure 1A-1E), which were mainly 

divided into the following five groups: Group A: (CTR =0, 
Figure 1A), Group B: (0< CTR <0.25, Figure 1B), Group C: 
(0.25≤ CTR <0.5, Figure 1C), Group D: (0.5≤ CTR <0.75, 
Figure 1D) and Group E: (0.75≤ CTR <1, Figure 1E). The 
absence of GGO components was defined as CTR =1 on 
CT (Figure 1F).

Histology was classified according to the most recent 
classifications (18) and micropapillary (MIP) component 
<5% was defined as the absence of an MIP component, 
while MIP component ≥5% was defined as the presence of 
an MIP component (19).

Local-regional recurrence (LRR) was defined as tumor 
recurrence at the surgical margins, anastomosis, ipsilateral 
lobe, or ipsilateral lymph nodes. Distant metastasis (DM) 
was defined as tumor metastasis to the contralateral lung 
lobe or lymph nodes, cervical lymph nodes, abdominal 
lymph nodes, brain, bone, liver, or other organs. Multiple 
metastases (LRR+DM) were defined as recurrence or 
metastasis at two or more sites.

Follow-up of patients

All patients with pathological stage IA3 lung adenocarcinoma 
who underwent radical resection were followed-up via 
outpatient visit or by telephone. Tumor markers, physical, 
and chest radiographs were performed every 3 months for  
2 years postoperatively, and CT of the thorax evaluations 
were performed every 6 months. After 2 years, the 
evaluations were performed every 6 months, and chest CT 
examinations were performed annually. In case of recurrence, 
contrast enhancement CT scan or brain magnetic resonance 
imaging (MRI) or positron emission tomography-CT (PET-
CT) scan were performed, as indicated.

Further tests were performed at follow-up based on 
the signs and symptoms of recurrence, including total 
abdominal ultrasound or CT, brain MRI, and 18F-FDG-
PET/CT. Histological or radiological evidence of 
recurrence or metastasis was based on biopsy or surgical 
excision. Follow-up was available until death or July 2021.

Statistical analysis

The cumulative incidence of recurrence (CIR) was defined 
as the cumulative incidence of tumor recurrence due to lung 
cancer, and the cumulative mortality rate (CID) was defined 
as the cumulative incidence of patient death due to primary 
lung adenocarcinoma. Recurrence-free survival (RFS) was 
defined as the time interval between the date of surgery and 

https://tlcr.amegroups.com/article/view/10.21037/tlcr-23-246/rc
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tumor recurrence or the end of follow-up. Cancer-specific 
survival (CSS) was defined as the interval between the date 
of surgery and patient death due to the tumor or the end of 
follow-up.

The χ2 test or Fisher’s exact test was used to analyze the 
categorical variables between the two groups. Meanwhile, 
the continuous variables were shown as the mean ± standard 
deviation and tested by the T-test or Mann-Whitney U test. 
Differences in the CIR and CID between the two groups 
were assessed using the Kaplan-Meier methods and log-
rank tests. We used the life table to analysis the annual risk 
of recurrence and death was calculated based on the number 
of patients with no recurrence or death at the beginning of 
each interval.

Cox univariate analysis was performed for all prognostic 
factors, and multivariate analysis was included if P<0.05. A 
new staging system was established according to the results 
of the Cox multivariate analysis. The Kaplan-Meier method 
was employed to analyze the RFS and CSS of the different 
groups. Through decision curve analysis (DCA), the net 
benefit of the prediction model was evaluated using the 
true and false positive rates of different risk thresholds to 
measure the clinical practicability of the prediction model.

All tests were bilateral and P<0.05 was considered 
statistically significant. SPSS (version 23.0, Chicago, IL, 
USA) and R language (version 3.6.3, Vienna, Austria) were 
used for statistical analysis.

Results

Clinicopathological information

A total of 352 patients with pathological stage IA3 lung 
adenocarcinoma were included in this study. There were 
181 (51.4%) female patients and 171 (48.6%) male patients. 
Peripheral tumors were found in 343 (97.4%) cases, and 
central tumors were identified in nine (2.6%) cases. In 
addition, 82 (23.3%) patients had an MIP component and 
186 (52.8%) patients did not have a GGO component  
(Table 1).

Recurrence pattern and survival analysis in the study 
population

At the median follow-up of 40.5 months (10–107 months), 
the overall recurrence rate in the whole cohort was 10.5%; 
DM (5.1%) was the most frequent pattern of recurrence 

A

F

B C

D E

Figure 1 ypical radiological imaging findings of pathological IA3 stage lung adenocarcinoma. (A) CTR =0; (B) 0< CTR <0.25; (C) 0.25≤ 
CTR <0.5; (D) 0.5≤ CTR <0.75; (E) 0.75≤ CTR <1; (F) CTR =1. CTR, consolidation tumor ratio.
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followed by LRR (3.1%) (Figure S2). At the end of follow-
up, 37 patients had relapsed and 31 had died from relapse. 
In the overall patient population, the 5-year CIR and CID 
rates were 17.6% and 13.0%, respectively. During the study 
period, the time-dependent curve showed a double peak in 
patients’ risk of recurrence, respectively, at 3 and 5 years 
after surgery, after which the risk of recurrence showed a 
significant downward trend. Similarly, the risk of tumor-
related death also exhibited a double peak at 4 and 6 years 
after surgery, respectively (Figure 2).

Clinicopathological features between the presence and 
absence of a GGO component

There were 166 (47.2%) patients in the presence-GGO 
group and 186 (52.8%) patients in the absence-GGO 
group. The proportion of centrally-located tumors in the 
absence-GGO group was significantly higher than that 
in the presence-GGO group (P=0.004). Patients with 
absence-GGO had a higher rate of lobectomy than those 
with presence-GGO (P=0.016). Postoperative pathology 
showed that the proportion of an MIP component ≥5% 
in the absence-GGO group was significantly higher than 
that in the presence-GGO (P=0.015). However, there 
were no significant differences in age, sex, body mass 
index (BMI), smoking history, preoperative symptoms, 
tumor size, preoperative carcinoembryonic antigen 
(CEA) concentration, and examined lymph node count 
among patients with presence-GGO and absence-GGO 
components (P>0.05) (Table 2).

Recurrence pattern and survival analysis of patients with 
the presence and absence of GGO components

The Figure 3 showed that the total recurrence rate of 
patients with the presence of a GGO component was 3.0% 
and that of patients with the absence of a GGO component 
was 17.2%, with a significant difference between the two 
groups (P<0.001). Similarly, the incidence of LRR (5.4% 
vs. 0.6%, P=0.010), DM (8.1% vs. 1.8%, P=0.008), and 
LRR+DM (4.3% vs. 0.6%, P=0.028) were significantly 
higher in patients with the absence of a GGO component 
than in those with the presence of a GGO component.

The 5-year CIR in the GGO component group 
was significantly lower than that in the absence-GGO 
component group (7.5% vs. 24.5%, P<0.001) (Figure 4A). 
The Figure 4B shows a single peak of recurrence risk in 
the GGO component group at 3 years postoperatively. 

Table 1 Clinicopathological features of pathological stage IA3 lung 
adenocarcinoma patients

Characteristics Total (n=352)

Age (years), n (%)

≤65 224 (63.6)

>65 128 (36.4)

Sex, n (%)

Female 181 (51.4)

Male 171 (48.6)

BMI (kg/m2), n (%)

<18.5 50 (14.2)

18.5–25 217 (61.6)

>25 85 (24.1)

Smoke history, n (%)

No 255 (72.4)

Yes 97 (27.6)

Preoperative symptoms, n (%)

No 232 (65.9)

Yes 120 (34.1)

Pathological tumor size (cm), mean ± SD 2.47±0.26

Primary tumor location, n (%)

Central type 9 (2.6)

Periphery 343 (97.4)

CEA (ng/mL), n (%)

<5 198 (56.3)

≥5 154 (43.8)

Pulmonary lobectomy, n (%)

No 14 (4.0)

Yes 338 (96.0)

Examined lymph node count, mean ± SD 16.2±7.79

MIP component, n (%)

<5% 270 (76.7)

≥5% 82 (23.3)

GGO component, n (%)

Absence 186 (52.8)

Presence 166 (47.2)

BMI, body mass index; SD, standard deviat ion; CEA, 
carcinoembryonic antigen; MIP, micropapillary; GGO, ground-
glass opacity.

https://cdn.amegroups.cn/static/public/TLCR-23-246-Supplementary.pdf
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However, in the absence-GGO component group, there 
was a double-peak risk curve at 1 and 5 years after surgery. 
Moreover, the 5-year CID in the presence-GGO and 
absence-GGO component groups was 7.4% and 17.0%, 
respectively, and the difference between the two groups was 
statistically significant (P<0.001) (Figure 4C). The tumor-
related death risk curve showed that the risk of death in 
both groups with and without GGO components presented 
respective double peaks at 3 and 6 years postoperatively, and 
the risk of death in both groups gradually decreased after 
reaching the peak (Figure 4D).

Further subgroup analysis showed significant differences 
in CIR in LRR, DM, and LRR+DM among patients in the 
presence-GGO and absence-GGO component group (all 
P<0.05), as well as significant differences in postoperative 
recurrence risk, as the survival time increased in both two 
groups (Figure S3A-S3F).

Prognostic value of presence-GGO in pathological IA3 
stage lung adenocarcinoma

Cox proportional risk univariate regression analysis showed 
that sex, smoking history, MIP components, and GGO 

components were risk factors for RFS of pathological IA3 
lung adenocarcinoma patients (all P<0.05). Multivariate 
analysis showed that smoking history [yes vs. no: hazard 
ratio (HR) 2.802; 95% confidence interval (CI): 1.201 to 
6.540; P=0.017], MIP components (≥5% vs. <5%: HR 3.556; 
95% CI: 1.792 to 7.057; P<0.001), and GGO components 
(absence vs. presence: HR 4.494; 95% CI: 1.742 to 11.591; 
P=0.002) were independent prognostic factors affecting 
RFS (Table 3).

As for CSS, age, sex, smoking history, and GGO 
component were risk factors for CSS (all P<0.05). 
Multivariate analysis showed that age (>65 vs. ≤65 years: 
HR 2.521; 95% CI: 1.200 to 5.297; P=0.015), smoking 
history (yes vs. no: HR 2.658; 95% CI: 1.094 to 6.459; 
P=0.031), and GGO components (absence vs. presence: HR 
2.948; 95% CI: 1.115 to 7.793; P=0.029) were independent 
prognostic factors for patients’ CSS (Table 4).

Establishing a GGO component-based prognostic score 
staging method

Based on the results of Cox multivariate analysis, we 
established an individualized prognostic staging of RFS 
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1-year intervals (B, recurrence risk; D, tumor-related death risk).
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Table 2 Clinicopathological features of patients between two groups with or without GGO components

Characteristics GGO(+) (n=166) GGO(−) (n=186) P value

Age (years), n (%) 0.762

≤65 107 (64.5) 117 (62.9)

>65 59 (35.5) 69 (37.1)

Sex, n (%) 0.572

Female 88 (53.0) 93 (50.0)

Male 78 (47.0) 93 (50.0)

BMI (kg/m2), n (%) 0.236

<18.5 29 (17.5) 21 (11.3)

18.5–25 97 (58.4) 120 (64.5)

>25 40 (24.1) 45 (24.2)

Smoke history, n (%) 0.371

No 124 (74.7) 131 (70.4)

Yes 42 (25.3) 55 (29.6)

Preoperative symptoms, n (%) 0.208

No 115 (69.3) 117 (62.9)

Yes 51 (30.75) 69 (37.1)

Pathological tumor size (cm), mean ± SD 2.42±0.25 2.51±0.26 0.964

Primary tumor location, n (%) 0.004

Central type 0 (0.00) 9 (4.8)

Periphery 166 (100.0) 177 (95.2)

CEA (ng/mL), n (%) 0.063

<5 102 (61.4) 96 (51.6)

≥5 64 (38.6) 90 (48.4)

Pulmonary lobectomy, n (%) 0.016

No 11 (6.6) 3 (1.6)

Yes 155 (93.4) 183 (98.4)

Examined lymph node count, mean ± SD 15.8±7.87 16.5±7.71 0.843

MIP component, n (%) 0.015

<5% 137 (82.5) 133 (71.5)

≥5% 29 (17.5) 53 (28.5)

GGO, ground-glass opacity; BMI, body mass index; SD, standard deviation; CEA, carcinoembryonic antigen; MIP, micropapillary.
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Table 3 Univariate and multivariate analyses of the independent prognostic factors influencing patients’ RFS

Characteristics
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age (years)

≤65

>65 1.331 (0.694–2.552) 0.39

Sex

Female 

Male 2.414 (1.211–4.813) 0.012 1.486 (0.621–3.554) 0.373

BMI (kg/m2)

<18.5

18.5–25 0.864 (0.327–2.285) 0.769

>25 0.982 (0.321–3.009) 0.975

Smoke history

No

Yes 2.877 (1.503–5.505) 0.001 2.802 (1.201–6.540) 0.017

Preoperative symptoms

No

Yes 1.049 (0.539–2.039) 0.888

Pathological tumor size (cm) 3.107 (0.909–10.615) 0.071

Primary tumor location 

Central type

Periphery 0.606 (0.083–4.438) 0.622

CEA (ng/mL)

<5

≥5 1.411 (0.738–2.697) 0.297

Pulmonary lobectomy

No

Yes 0.947 (0.129–6.938) 0.957

Examined lymph node count 0.997 (0.956–1.039) 0.877

MIP component

<5%

≥5% 2.885 (1.511–5.510) 0.001 3.556 (1.792–7.057) <0.001

GGO component

Presence

Absence 5.103 (1.985–13.119) 0.001 4.494 (1.742–11.591) 0.002

RFS, recurrence-free survival; HR, hazard ratio; CI, confidence interval; BMI, body mass index; CEA, carcinoembryonic antigen; MIP, 
micropapillary; GGO, ground-glass opacity.
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Table 4 Univariate and multivariate analyses of the independent prognostic factors affecting patients’ CSS

Characteristics
Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value

Age (years)

≤65

>65 2.464 (1.207–5.031) 0.013 2.521 (1.200–5.297) 0.015

Sex

Female 

Male 3.480 (1.486–8.150) 0.004 1.650 (0.572–4.757) 0.354

BMI (kg/m2)

<18.5

18.5–25 0.421 (0.162–1.094) 0.076

>25 0.470 (0.143–1.547) 0.214

Smoke history

No

Yes 3.887 (1.905–7.929) <0.001 2.658 (1.094–6.459) 0.031

Preoperative symptoms

No

Yes 0.887 (0.419–1.878) 0.754

Pathological tumor size (cm) 2.348 (0.569–9.689) 0.238

Primary tumor location 

Central type

Periphery 0.584 (0.079–4.328) 0.599

CEA (ng/mL)

<5

≥5 1.195 (0.589–2.423) 0.622

Pulmonary lobectomy

No

Yes 1.839 (0.246–13.755) 0.553

Examined lymph node count 0.988 (0.943–1.036) 0.615

MIP component

<5%

≥5% 2.096 (0.989–4.441) 0.054

GGO component

Presence

Absence 3.413 (1.304–8.931) 0.012 2.948 (1.115–7.793) 0.029

CSS, cancer-specific survival; HR, hazard ratio; CI, confidence interval; BMI, body mass index; CEA, carcinoembryonic antigen; MIP, 
micropapillary; GGO, ground-glass opacity.
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and CSS for patients with pathological stage IA3 lung 
adenocarcinoma. In terms of predicting RFS, we rated 
smoking history as 1 point, no smoking history as 0 
point, the presence of an MIP component as 1 point, the 
absence of an MIP component as 0 point, the presence of 
a GGO component as 1 point, and the absence of a GGO 
component as 0 point (Figure S4A). Similarly, in terms 
of predicting CSS, we rated age >65 years old as 1 point,  
≤65 years old as 0 point, smoking history as 1 point, 
no smoking history as 0 point, the absence of a GGO 
component as 1 point, and the presence of a GGO 
component as 0 point (Figure S4B).

Based on the GGO component, the predicted 5-year 
RFS of patients with scores of 0, 1, 2, and 3 was 97.4%, 
88.1%, 64.6%, and 51.4%, respectively, with significant 
differences between these groups (P<0.001) (Figure 5A). 
Based on the GGO component, the predicted 5-year 

CSS of patients with scores of 0, 1, 2, and 3 was 100%, 
88.3%, 83.1%, and 55.6%, respectively. Similarly, there 
were significant differences between the groups (P<0.001)  
(Figure 5B).

We further evaluated the clinical benefit rate of RFS by 
GGO component-based prognostic score staging using 
DCA. The results showed that when comparing model A 
(smoking history), model B (MIP component), and model C 
(smoking history + MIP component) with model D (GGO 
component + smoking history + MIP component), the latter 
exhibited a better clinical value in predicting patients’ RFS 
over a considerable range (Figure 6A). Similarly, model A 
(age), model B (smoking history), model C (age + smoking 
history), and model D (GGO component + age + smoking 
history) were compared to predict the clinical value of 
CSS; the model D showed a higher clinical benefit rate 
(Figure 6B). The results using DCA showed that over a wide 
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threshold probability range (RFS: 5–65%, CSS: 5–75%), 
the net clinical benefit was greater in models that included 
GGO components than in models that did not.

Discussion

In this study, multi-center data was utilized to compare 
the effects of a GGO component on the recurrence and 
survival of patients with pathological stage IA3 lung 
adenocarcinoma. Our results showed that the CIR and CID 
of patients with the presence of a GGO component were 
lower than those with the absence of a GGO component. 
The recurrence risk curve of patients with the presence of 
a GGO component showed a single peak, while those of 
patients with the absence of a GGO component exhibited a 
double peak.

Some large sample size data has shown that there are 
significant differences in the clinicopathological features 
and tumor outcomes between the presence and absence 
of GGO components, as well as in the types of epidermal 
growth factor receptor (EGFR) mutations between the 
two groups (4,10,20,21). Furthermore, a nationwide study 
in Japan confirmed the effect of GGO components on 
early-stage NSCLC and its value as a good prognostic  
factor (5). Similarly, we observed a significant difference 
between the CIR in pathological  s tage IA3 lung 
adenocarcinoma patients between the two groups (7.5% 
vs. 24.5%). In terms of tumor-related mortality, patients 
without GGO components had a significantly higher CID 
than those with GGO components (17.0% vs. 7.4%). 
A previous study demonstrated that pathological stage 
IA patients with GGO components have significantly 
higher OS than those without GGO components (97% 
vs. 84%) (22). Lung adenocarcinomas showing GGO  
components on CT exhibit lepidic growth pattern, whereas 
solid lung adenocarcinomas exhibit aggressive tumor 
histology (23). More importantly, radiologically solid 
masses are associated with lymph node metastasis, vascular 
invasion, and pleural invasion, all of which are associated 
with poor prognosis (24).

Similar to previous studies, our study found that 
the presence of MIP in pathological stage IA3 lung 
adenocarcinoma with GGO components was significantly 
lower than that without GGO components. Kamiya et al. 
reported that the presence of an MIP component promoted 
the proliferative ability of cells in the vascular and lymphatic 
systems, leading to the occurrence of micrometastases, 
which were a key cause of tumor recurrence after radical 

surgery (25). Watanabe et al. showed that patients with an 
MIP component had a high risk of postoperative recurrence, 
and this risk persisted for a long time (19). Therefore, 
pathological stage IA3 lung adenocarcinoma with or 
without GGO components may be two heterogeneous 
lesions with different tumor aggressiveness. At present, 
different countries hold varying views on postoperative 
adjuvant therapy for early lung adenocarcinoma. National 
Comprehensive Cancer Network (NCCN) guidelines 
recommend that patients with pathological stage IA3 lung 
adenocarcinoma do not require any adjuvant therapy after 
radical surgery (26). Meanwhile, adjuvant chemotherapy 
has become the standard treatment in Japan for patients 
with pathological stage IA and IB tumors larger than  
2.0 cm in total size (27,28). Our findings suggest that 
patients with pathologic stage IA3 lung adenocarcinoma 
with solid component could be considered for closer follow-
up or post-operative adjuvant chemotherapy if at high risk 
or recurrence, and prospective clinical trials are needed to 
confirm this conclusion.

To date, the same follow-up strategy has been used 
for the postoperative review of early NSCLC, including 
pathological stage IA3. However, with the emergence of 
molecularly targeted therapies, which have significantly 
improved the survival and quality of life of patients with 
advanced relapsed NSCLC (29,30), early detection and 
treatment are critical for patients with relapsed NSCLC. 
The relapse risk curve provides more useful postoperative 
follow-up information to help identify more patients at a 
high risk of early recurrence. Our investigation showed that 
patients without GGO components had a higher risk of 
recurrence in the first 3 years after surgery than those with 
GGO components. In addition, the risk curve of patients 
without GGO components showed a double peak at 1 and 
5 years after surgery, while patients with GGO components 
showed a single peak at 3 years postoperatively. So, the 
GGO component should be considered in postoperative 
follow-up strategies for patients with pathological IA3 lung 
adenocarcinoma and an individualized and precise follow-
up plan should be developed.

The multivariate Cox analysis showed that smoking 
history, MIP components, and GGO components were 
independent prognostic factors affecting patients’ RFS; 
however, when the GGO component was included in 
the analysis, the MIP component exhibited no significant 
correlation with patients’ CSS. EGFR mutations are 
reported to be the most common mutation in Asian 
populations, accounting for more than 70% of lung 
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adenocarcinomas containing MIP components (31,32). 
In our study population, a total of 37 patients developed 
local recurrence and distant metastasis after surgery, and 
about 27 patients (75.7%) had EGFR mutations. Since 
EGFR mutation-targeted inhibitors are effective in the 
treatment of recurrent lung adenocarcinoma, the presence 
of an MIP component is not a prognostic indicator of long-
term survival in pathologic stage IA3 lung adenocarcinoma. 
Furthermore, according to the multivariate analysis results, 
we innovatively established a scoring staging system based 
on the GGO component. By calculating the net benefits 
of screening for various risk thresholds, we found that the 
model incorporating the GGO component had greater 
clinical value than other models.

Although this study was a retrospective analysis of the 
prospective data collected by two institutions, there were still 
some limitations that should be noted. Firstly, among the 352 
patients with pathological stage IA3 lung adenocarcinoma 
included, only 37 patients had relapse or metastasis at the 
end of the follow-up period, indicating that the sample size 
was still small. And, patients with lung adenocarcinoma 
2 or 3 different GGOs were excluded, so it is unclear 
whether the amount of GGO affects survival. In addition, 
the univariate and multivariate analyses we performed did 
not include all prognostic factors, such as the type of gene 
mutation, because genetic testing for pathological stage 
IA3 lung adenocarcinoma is not routinely performed in our 
two centers. Finally, the presence of GGO components was 
empirically determined by individual observers at each center, 
and future prospective data validation requires independent 
monitoring committees to evaluate and clearly define the 
“presence of a GGO component”.

Conclusions

Overall, the CIR and CID of pathological stage IA3 
lung adenocarcinoma in the presence-GGO component 
group were significantly lower than those in the absence-
GGO component group, and the risk of recurrence was 
significantly different between the two groups. The 
presence of a GGO component is an independent factor for 
good RFS and CSS, and the novel staging based on GGO 
components has a higher clinical benefit rate. Therefore, 
pathological stage IA3 lung adenocarcinomas with or 
without a GGO component are two lesions with different 
invasive abilities, and postoperative adjuvant therapy and 
more frequent follow-up strategies should be considered for 
patients without GGO components.
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Supplementary

Patients with lung cancer in the Fujian Medical University 
Union Hospital from 2012.07-2020.07 (n=7,235)

Patients with lung cancer in the First Hospital of Putian
from 2012.07-2020.07 (n=1,750)

Excluded: n=7,000
1.Non-lung adenocarcinoma was pathologically diagnosed(n=521)
2.Metastatic lung adenocarcinoma(n=407)
3.Multiple primary lung adenocarcinoma(n=620)
4.Palliative surgery(n=326)
5.Death within 30 days after surgery(n=2)
6.Pathological stage IA1/IA2/IB and II-IV lung adenocarcinoma(n=5114)
7.Clinicopathological absence or loss of follow-up(n=10)

Excluded: n=1,633
1.Non-lung adenocarcinoma was pathologically diagnosed(n=121)
2.Metastatic lung adenocarcinoma(n=107)
3.Multiple primary lung adenocarcinoma(n=220)
4.Palliative surgery(n=96)
5.Death within 30 days after surgery(n=2)
6.Pathological stage IA1/IA2/IB lung adenocarcinoma(n=403)
7.Pathological stage II-IV lung adenocarcinoma(n=682)
8.Loss of follow-up(n=2)

Pathological stage IA3 lung adenocarcinoma(n=235) Pathological stage IA3 lung adenocarcinoma(n=117)

Pathological stage IA3 lung adenocarcinoma(n=352)

Presence of GGO component(n=166) Absence of GGO component(n=186)

Figure S1 Flow chart of the inclusion of the study population. GGO, ground-glass opacity.

Figure S2 Recurrence patterns across the study cohort. LRR, local-regional recurrence; DM, distant metastasis.
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Figure S3 Cumulative event of patients (A, Cumulative incidence of LRR; B, Cumulative incidence of DM; C, Cumulative incidence of 
LRR+DM) and risk curves at 1-year intervals (D, LRR risk; E, DM risk; F, LRR+DM risk) based on the presence or absence of GGO 
components. LRR, local-regional recurrence; DM, distant metastasis; GGO, ground-glass opacity.
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Figure S4 Establishment of a score staging system for predicting RFS and CSS based on GGO components. RFS, recurrence-free survival; 
CSS, cancer-specific survival; MIP, micropapillary; GGO, ground-glass opacity.
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