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Non–small cell lung cancer is the leading cause of cancer-
related death worldwide (1). Although the main cause 

for its poor prognosis is that most lung cancers are diag-
nosed at an advanced stage, a substantial proportion of 
patients experience disease recurrence despite undergoing 
complete surgical resection with curative intent, with re-
ported recurrence rates ranging from 30% to 75% (2–6). 
The majority of recurrences involve distant organs as the 
first recurrence site and occur within the first 2 years after 
surgery (7–9).

Radiologically, lung cancer can be classified according 
to the presence of ground-glass opacity (GGO) at CT. 
At pathologic analysis, GGO components correlate with 
lepidic growth, whereas solid components correlate with 
invasiveness (10). Tumors manifesting as GGO at imag-
ing are known to have a rarer prevalence of lymph node 
or distant metastases and a better prognosis in their early 
stage than pure solid tumors (11–15). Although the eighth 

TNM staging system considers only the size of the solid 
component of a tumor with GGO for the tumor category 
(16), GGO is still found to be an independent favorable 
prognostic factor in early-stage non–small cell lung cancer 
(14,15,17,18). However, the recurrence patterns of tumors 
with GGO and their characteristics after recurrence remain 
unknown. When tumors with GGO recur, they may rarely 
metastasize to lymph nodes or distant organs, which may 
partially explain why tumors manifesting as GGO have a 
better prognosis than solid ones. In addition, information 
on the imaging patterns of recurrence can help radiologists 
know what to look for at postsurgical surveillance.

In regard to recurrence pattern, Sugimura et al (5) and 
Hung et al (19) reported that recurrence pattern was not 
a significant predictive factor for survival after recurrence. 
However, the two studies categorized recurrence pattern 
into local only, distant only, and both local and distal. 
Considering that the treatment modality for recurrence is 
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Solutions [Somatom Definition and Sensation 16] and GE 
Medical Systems [Lightspeed 16, Lightspeed VCT, and Dis-
covery]). The acquisition parameters were 120 kVp, 30–200 
mAs, pitch of 0.875–1, and collimation of 1–1.25 mm. In-
travenous contrast material (90 mL) was injected at a rate of 
3 mL/sec, and scanning started after a delay of 50 seconds. 
Images were reconstructed using a sharp kernel with a section 
thickness and interval of 1 mm and 1 mm, respectively, or 
1.25 mm and 1.25 mm (Appendix S1).

Clinical Tumor Staging with Chest CT
Two radiologists (S.P. and S.M.L., with 5 and 16 years of ex-
perience in thoracic radiology, respectively) who were blinded 
to the pathologic results evaluated images for the presence of 
any GGO components and other T descriptors in consensus. 
After reaching a consensus, one radiologist (S.P.) measured 
the longest diameter of each tumor and its solid portion in 
the axial, coronal, and sagittal planes by using a lung win-
dow setting and electronic calipers on a picture archiving and 
communication system. Interobserver variability analysis for 
evaluation of the presence of GGO components and mea-
surement of the solid portion size of GGO adenocarcinomas 
is provided in Appendix S1. Clinical T categories were deter-
mined according to the maximal solid size among the three 
planes, following the eighth edition of the TNM classifica-
tion (21). The consolidation-to-tumor ratio was calculated as 
the ratio of the longest diameter of the solid portion divided 
by the longest tumor diameter.

Collection of Pathologic Data
Information on the predominant histologic subtypes deter-
mined according to the International Association for the Study 
of Lung Cancer/American Thoracic Society/European Respi-
ratory Society classification of lung adenocarcinomas (22), 
pathologic nodal status, and genetic information regarding 
EGFR variation status and ALK rearrangement of each tumor 
were collected from pathologic reports. These evaluations were 
performed upon surgical resection of tumor specimens by one 
of two experienced pathologists (with 32 and 15 years of expe-
rience in lung cancer pathology).

Follow-up for Survival Analysis and Analysis of Recurrence 
Patterns
All follow-up chest CT scans and other imaging examina-
tions were retrospectively reviewed by one radiologist (J.C., 
with 8 years of experience in thoracic radiology). The date 
of recurrence (defined as the date when recurrent disease 
first appeared at diagnostic imaging) and the initial recur-
rence site were recorded. Local recurrence was defined as 
tumor recurrence adjacent to a staple line or the bronchial 
stump. Regional recurrence was defined as tumor recurrence 
in the ipsilateral lung or lymph node stations 1–14 and bi-
lateral supraclavicular fossa. Distant metastasis was defined 
as metastasis to the pleura, pericardium, contralateral lung, 
other lymph node stations, or extrathoracic disease. Second 
primary lung cancer was discriminated from recurrent disease 
according to the criteria of Martini and Melamed (23). Time 

usually determined by the presence or absence of distant metas-
tases, the previous categorization of recurrence pattern may have 
underestimated the impact of distant metastases on survival. 
Furthermore, in the study by Sugimura et al (5), recurrence in 
bone, brain, or liver was associated with poorer survival com-
pared with recurrence in the lung. In this sense, the association 
between recurrence pattern and survival after recurrence needs to 
be re-evaluated using different categorization of recurrence pat-
tern at imaging.

Therefore, we aimed to investigate recurrence patterns at 
imaging and their associations with outcomes according to 
the presence of GGO at CT in patients with resected lung 
adenocarcinoma.

Materials and Methods
This retrospective study was approved by our institutional re-
view board, which waived the requirement for informed con-
sent. Patient overlap with a previous study (20) is described in  
Appendix S1.

Study Sample
A retrospective search of the electronic medical records at our 
institution identified 2019 patients who underwent lobectomy 
or pneumonectomy for invasive adenocarcinoma between July 
2010 and December 2017. For inclusion in this study, patients 
needed to have undergone a chest CT examination with a sec-
tion thickness of 1 mm or 1.25 mm within 30 days before sur-
gery. The exclusion criteria were (a) minimally invasive adeno-
carcinoma, (b) recurrent or metastatic tumors, (c) synchronous 
lung cancer, (d) history of neoadjuvant chemotherapy or other 
primary malignant neoplasm, (e) incomplete survival records, 
and (f ) no predominant subtype report. A total of 1019 pa-
tients were included.

Chest CT Protocol
Chest CT was performed with multi–detector row CT scan-
ners from two different manufacturers (Siemens Medical 

Abbreviations
GGO = ground-glass opacity, HR = hazard ratio, OS = overall survival, 
PRS = postrecurrence survival

Summary
Recurrence patterns, risk for recurrence, and overall survival in patients 
with resected lung adenocarcinoma differed based on the presence of 
ground-glass opacity at CT, and recurrence patterns were associated 
with postrecurrence survival.

Key Results
 ■ Ground-glass opacity (GGO) at CT was associated with time to 

recurrence and overall survival (P < .001).
 ■ In clinical stage I disease, brain metastasis was more frequent in 

solid adenocarcinoma (16.5% [16 of 97 patients]) than in GGO 
adenocarcinoma (7.8% [four of 51 patients]; P = .005).

 ■ Distant metastasis (adjusted hazard ratio [HR], 2.1; P < .001) 
and brain metastasis (adjusted HR, 3.9; P < .001), compared with 
local-regional recurrence, were associated with shorter postrecur-
rence survival.
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to recurrence, overall survival (OS), and postrecurrence sur-
vival (PRS) were the end points used for the survival analysis. 
The patients’ follow-up data for time to recurrence were ob-
tained from the electronic medical records at our institution, 
and data for OS and PRS were acquired from a database of 
the Ministry of the Interior and Safety. Detailed information 
is provided in Appendix S1.

Statistical Analysis
Patients were classified into groups with GGO adenocarci-
noma or solid adenocarcinoma according to the presence or 
absence of GGO components. Patient characteristics were 
compared between the two groups with use of the indepen-
dent t test or χ2 test, as appropriate. Recurrence patterns were 
compared within patients with cancer at clinical stage I and 
clinical stage II or above. Time-to-event variables were calcu-
lated using the Kaplan-Meier method to describe the time to 
recurrence and OS rates, and these were compared between 
the two groups with use of the log-rank test.

Univariable and multivariable Cox proportional hazards 
models were used to identify potential prognostic factors for 
time to recurrence, OS, and PRS. For the multivariable analysis, 
first, all the significant clinical characteristics were included, and 
next, only the variables with P < .10 at univariable analysis were 
included and selected using the backward elimination process. 
The final model was adjusted for age and sex.

All statistical analyses were performed using SPSS (version 
19.0, IBM), and P < .05 was considered to indicate a statistically 
significant difference.

Results

Patient Demographic and Clinical Characteristics
Of 2019 patients who underwent lobectomy or pneumonec-
tomy for invasive lung adenocarcinoma, 1019 patients (mean 
age, 62 years ± 9 [SD]; 520 women) were included in the fi-
nal study sample (Fig 1). The mean tumor size was 32 mm ± 
16. Of the included patients, 487 were classified into the GGO 
adenocarcinoma group, and 532 were classified into the solid 
adenocarcinoma group. All collected clinical characteristics, 
except for age and surgical method, were significantly differ-
ent between the two groups (Table 1). Clinical T1 category and 
overall stage I accounted for the most patients, both in the group 
with GGO adenocarcinoma (72.5% [353 of 487 patients] and 
81.5% [397 of 487], respectively) and the group with solid ad-
enocarcinoma (47.2% [251 of 532 patients] and 63.0% [335 of 
532], respectively).

Comparison of Recurrence Patterns according to the 
Presence of GGO
Of the 1019 patients, 271 experienced tumor recurrence; 
recurrence was diagnosed in 99 patients (36.5%) with 
pathologic confirmation and in 172 patients (63.5%) with 
a clinical-radiologic consensus. Sixty-one patients were 
reported to have died due to other cancer or noncancer-
related causes without recurrence. A second primary lung 
cancer was detected in 1.0% of patients (10 of 1019). Four 
of these cancers occurred in patients with GGO adenocarci-
noma, and the other six occurred in patients with solid ad-

Figure 1: Flow diagram of patient inclusion. MIA = minimally invasive adenocarcinoma.
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enocarcinoma. Six pathologically confirmed metachronous 
cancers included three adenocarcinomas, two small cell lung 
cancers, and one squamous cell carcinoma. The median fol-
low-up time for time to recurrence was 50.2 months (range, 
1.1–123.1 months) for the group with GGO adenocarci-
noma and 42.2 months (range, 0.8–119.3 months) for the 
group with solid adenocarcinoma.

In patients with clinical stage I disease, recurrences occurred 
more frequently in the group with solid adenocarcinoma (29.0% 
[97 of 335 patients]) than in the group with GGO adenocar-
cinoma (12.8% [51 of 397 patients]; P < .001) (Table 2). The 
most frequent recurrences were distant metastases, occurring 
in 69.1% of patients (67 of 97) with solid adenocarcinoma 
and 54.9% (28 of 51) with GGO adenocarcinoma (P = .09). 

Table 1: Demographic and Clinical Characteristics of the Total Study Sample

Characteristic
All Patients  
(n = 1019)

Patients with GGO 
Adenocarcinoma (n = 487)

Patients with Solid 
Adenocarcinoma (n = 532) P Value

Age (y)* 62 ± 9 62 ± 9 63 ± 10 .19†

Sex <.001‡

 M 499 (49.0) 206 (42.3) 293 (55.1)
 F 520 (51.0) 281 (57.7) 239 (44.9)
Tumor size (mm)*§ 32 ± 16 30 ± 15 34 ± 17 .001†

Solid component size (mm)*§ 29 ± 17 23 ± 14 34 ± 17 <.001†

Smoking history <.001‡

 Currently smokes or formerly smoked 432 (42.4) 166 (34.1) 266 (50.0)
 Never smoked 587 (57.6) 321 (65.9) 266 (50.0)
Smoking amount (pack-year)* 13.3 ± 21.5 9.0 ± 17.6 17.2 ± 23.9 <.001†

Clinical T stage <.001‡

 T1 604 (59.3) 353 (72.5) 251 (47.2)
  T1a 66 (6.5) 60 (12.3) 6 (1.1)
  T1b 241 (23.7) 152 (31.2) 89 (16.7)
  T1c 297 (29.1) 141 (29.0) 156 (29.3)
 T2 280 (27.5) 88 (18.1) 192 (36.1)
  T2a 199 (19.5) 65 (13.3) 134 (25.2)
  T2b 81 (7.9) 23 (4.7) 58 (10.9)
 T3 90 (8.8) 34 (7.0) 56 (10.5)
 T4 45 (4.4) 12 (2.5) 33 (6.2)
Overall clinical stage <.001‡

 IA 567 (55.6) 340 (69.8) 227 (42.7)
 IB 165 (16.2) 57 (11.7) 108 (20.3)
 IIA 67 (6.6) 20 (4.1) 47 (8.8)
 IIB 125 (12.3) 47 (9.7) 78 (14.7)
 IIIA 86 (8.4) 21 (4.3) 65 (12.2)
 IIIB║ 9 (0.9) 2 (0.4) 7 (1.3)
Pathologic N stage <.001‡

 N0 771 (75.7) 411 (84.4) 360 (67.7)
 N1 102 (10.0) 38 (7.8) 64 (12.0)
 N2 146 (14.3) 38 (7.8) 108 (20.3)
Histologic subtype <.001‡

 Lepidic 100 (9.8) 100 (20.5) 0 (0)
 Acinar 320 (31.4) 135 (27.7) 185 (34.8)
 Papillary 451 (44.3) 242 (49.7) 209 (39.3)
 Micropapillary 18 (1.8) 4 (0.8) 14 (2.6)
 Solid 130 (12.8) 6 (1.2) 124 (23.3)
Surgical method .21‡

 Lobectomy 1014 (99.5) 486 (99.8) 528 (99.2)
 Pneumonectomy 5 (0.5) 1 (0.2) 4 (0.8)
EGFR variation
 Positive# 265 (26.0) 131 (26.9) 134 (25.2)
 Negative 240 (23.6) 76 (15.6) 164 (30.8)
 Unknown 514 (50.4) 280 (57.5) 234 (44.0)

(Table 1 continues )
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There was a higher incidence of brain metastasis in the group 
with solid adenocarcinoma (16.5% [16 of 97]) than in the 
group with GGO adenocarcinoma (7.8% [four of 51]; P = 
.005) (Fig 2). Of note, all regional recurrences in the group 
with GGO adenocarcinoma were ipsilateral lung metastasis 
(39.2% [20 of 51 patients]) (Table 2) without regional lymph 
node metastasis (Fig 3).

In patients with clinical stage II disease or above, recurrences 
also occurred more frequently in the group with solid adeno-
carcinoma (48.2% [95 of 197 patients]) than in the group with 
GGO adenocarcinoma (31.1% [28 of 90 patients]; P = .006) 
(Table 3). Distant metastasis was the most common form of oc-
currence in the group with solid adenocarcinoma (62.1% [59 

of 95 patients]) but was less frequent in the group with GGO 
adenocarcinoma (42.9% [12 of 28 patients] vs 46.4% [13 of 
28] for regional recurrence). Brain metastasis occurred in 13.7% 
of patients (13 of 95) with solid adenocarcinoma and 7.1% of 
patients (two of 28) with GGO adenocarcinoma, but no evi-
dence of a difference was observed between the two groups (P = 
.07). By contrast, the incidence of contralateral lung metastasis 
in the group with solid adenocarcinoma (18.9% [18 of 95 pa-
tients]) was higher than that in the group with GGO adenocar-
cinoma (3.6% [one of 28 patients]; P < .001). Some patients 
with GGO adenocarcinoma showed regional lymph node me-
tastases (10.7% [three of 28] for ipsilateral hila or mediastinum, 
10.7% [three of 28] for contralateral hila or mediastinum or for 

Characteristic
All Patients  
(n = 1019)

Patients with GGO 
Adenocarcinoma (n = 487)

Patients with Solid 
Adenocarcinoma (n = 532) P Value

ALK variation
 Positive** 45 (4.4) 9 (1.8) 36 (6.8)
 Negative 619 (60.7) 291 (59.8) 328 (61.7)
 Unknown 355 (34.8) 187 (38.4) 168 (31.6)

Note.—Unless otherwise specified, data are numbers of patients, with percentages in parentheses. Percentages may not add up to 100 
because of rounding. GGO = ground-glass opacity.
* Data are means ± SDs.
† Derived with the independent t test.
‡ Derived with the Pearson χ2 test.
§ The longest diameter among the axial, coronal, and sagittal planes.
║ Eighteen patients underwent upfront surgery because the overall clinical stage was IIIA based on the seventh edition of TNM staging 
system applied at the time of surgery.
# EGFR variation positivity was determined by means of polymerase chain reaction–based assay.
** ALK variation positivity was determined by means of fluorescence in situ hybridization analysis.

Table 2: Recurrence Patterns according to the Presence of GGO and Histologic Subtype in Clinical Stage I

Recurrence Pattern All Patients (n = 148)
Patients with GGO 
Adenocarcinoma (n = 51)

Patients with Solid 
Adenocarcinoma (n = 97) P Value

Overall recurrence 148/732 (20.2) 51/397 (12.8) 97/335 (29.0) <.001
Local recurrence* 7 (4.7) 3 (5.9) 4 (4.1) .63
Regional recurrence* 46 (31.1) 20 (39.2) 26 (26.8) .12
 Ipsilateral hila or mediastinum 13 (8.8) 0 (0) 13 (13.4) .006
 Contralateral hila or mediastinum, 

or ipsilateral or contralateral 
supraclavicular fossae

6 (4.1) 0 (0) 6 (6.2) .07

 Ipsilateral lung 32 (21.6) 20 (39.2) 12 (12.4) <.001
Distant metastasis* 95 (64.2) 28 (54.9) 67 (69.1) .09
 Brain 20 (13.5) 4 (7.8) 16 (16.5) .005
 Bone 14 (9.5) 4 (7.8) 10 (10.3) .63
 Contralateral lung 37 (25.0) 16 (31.4) 21 (21.6) .20
 Other lymph node 8 (5.4) 3 (5.9) 5 (5.2) .85
 Chest wall or pleura 27 (18.2) 5 (9.8) 22 (22.7) .054
 Other 3 (2.0) 2 (3.9) 1 (1.0) .24

Note.—Data are numbers of patients with recurrence, with percentages in parentheses. GGO = ground-glass opacity.
* If two or more patterns of recurrence appeared at the same time on the date of recurrence, the higher grade of recurrence was selected 
(distant, regional, then local). If there were two or more initial recurrence sites within each recurrence pattern, they were all recorded.

Table 1 (continued): Demographic and Clinical Characteristics of the Total Study Sample
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supraclavicular fossae), which was not the observed in those with 
clinical stage I disease (Fig 4).

Predictors for Time to Recurrence
The median follow-up time for time to recurrence was 45.9 
months (range, 0.8–123.1 months), and most of the recurrences 
occurred within the first 2 years after surgery (73.1% [198 of 
271 patients]). The 2-year time to recurrence was 88.3% in the 
group with GGO adenocarcinoma and 71.5% in the group 
with solid adenocarcinoma. The Kaplan-Meier curves showed 
that patients in the solid adenocarcinoma group had the shorter 
time to recurrence compared with those in the GGO adenocar-
cinoma group (P < .001) (Fig S3).

Univariable analysis revealed that time to recurrence 
was associated with the presence of GGO in addition to 

tumor size, solid component size, consolidation-to-tumor 
ratio, clinical T category, overall clinical stage, pathologic 
N category, and histologic subtype (P < .001 for all). In 
the multivariable analysis with adjustments for all the sig-
nificant clinical characteristics, the presence of GGO (P = 
.001) was significantly associated with longer time to re-
currence in addition to lower clinical T category (P = 
.048) and pathologic N0 category (P < .001) (Table 4).  
In the final model, the presence of GGO (adjusted hazard 
ratio [HR], 0.6 [95% CI: 0.4, 0.8]; P < .001), lower clinical  
T category (P < .001), and pathologic N0 category (P < .001) 
remained independent predictors of time to recurrence.

Predictors for PRS
In 271 patients with recurrence, the median follow-up time 

for PRS was 36.6 months (range, 0.1–115.2 
months), and 48.0% (130 of 271) died dur-
ing follow-up. Univariable analysis revealed 
that shorter time to recurrence (≤12 months) 
and recurrence pattern were associated with 
poor PRS (P < .001 for both). When recur-
rence pattern divided into two categories 
(local-regional vs distant) was included in 
the multivariable analysis, recurrence with 
distant metastasis was an independent pre-
dictor of poor prognosis, with shorter PRS 
(adjusted HR, 2.1 [95% CI: 1.4, 3.1];  
P < .001) after adjustment for age, sex, num-
ber of pack-years smoked, solid component 
size, and pathologic N category (Table S1). 
When the recurrence patterns were divided 
into three categories (local-regional vs brain 
metastasis vs nonbrain distant metastases), 
brain metastasis was also an independent fac-
tor for shorter PRS (adjusted HR, 3.9 [95% 
CI: 2.2, 6.8]; P < .001, with local-regional 
recurrence serving as the reference group). 

Figure 2: Images in a 58-year-old woman with brain metastasis after surgical resection of solid lung ad-
enocarcinoma in clinical stage I. (A) Axial contrast-enhanced CT image with a lung window setting shows 
a 22-mm spiculated solid nodule in the right upper lobe. Because neither enlarged lymph nodes nor evi-
dence of distant metastases were found at staging chest CT or PET/CT (not shown), the clinical staging of 
the patient was T1cN0M0, with an overall stage of IA3. At pathologic assessment of the surgical resection 
specimens, acinar-predominant histologic subtype and pathologic N0 stage were confirmed. Two years 
after the surgery, the patient reported new-onset headache. (B) Axial contrast-enhanced T1-weighted 
brain MRI scan acquired in the emergency department shows an enhancing lesion at the right anterior falx 
(arrow) with perilesional edema, indicating brain metastasis. Metastatic carcinoma was confirmed at cere-
brospinal fluid analysis, and the patient was treated with whole-brain radiation therapy and chemotherapy.

Figure 3: Axial contrast-enhanced CT images in a 58-year-old man with ipsilateral lung metastases after surgical resection of lung adenocarcinoma 
with ground-glass opacity in clinical stage I. (A) CT image with a lung window setting shows a 34-mm part-solid mass with an 18-mm solid component 
in the right lower lobe. No enlarged lymph nodes or distant metastases were found at staging chest CT or PET/CT (not shown). The clinical staging of the 
patient was T1bN0M0, with an overall stage of IA2. At pathologic assessment of the surgical resection specimens, acinar-predominant histologic subtype 
and pathologic N0 stage were confirmed. (B) CT image acquired 1 year after surgery at routine postoperative follow-up shows several tiny nodules in the 
rearranged right middle lobe (arrows) that had newly appeared and increased in size and number on the (C) CT image acquired 2 years 7 months after the 
surgery, indicating ipsilateral lung metastases. There were no enlarged regional lymph nodes suggestive of metastasis (image not shown). The patient was 
treated with chemotherapy.
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The  presence of GGO did not show a significant association 
with PRS (P = .11 and .14 for the two and three recurrence 
categories, respectively) (Tables S1, S2).

Predictors for OS
The median follow-up time for OS was 62.5 months (range, 
1.1–132.1 months), and 191 of 1019 patients (18.7%) died 
during the follow-up period. The 5-year OS rates were 92.3% 
in the group with GGO adenocarcinoma and 77.8% in the 
group with solid adenocarcinoma. The Kaplan-Meier curves 

showed that OS was significantly shorter in the group with 
solid adenocarcinoma (P < .001) (Fig S4). In the multivariable 
analysis, the presence of GGO was independently associated 
with reduced hazards for death (adjusted HR for OS, 0.6 [95% 
CI: 0.4, 0.8]; P < .001) after adjustment for other predictors 
of OS, including older age (HR, 1.06; P < .001), higher num-
ber of pack-years of smoking (HR, 1.8 for ≤20 pack-years and 
2.2 for >20 pack-years; P = .01), larger solid component size  
(HR, 1.2; P < .001), and pathologic N1 or N2 category  
(HR, 3.7; P < .001) (Table S3).

Table 3: Recurrence Patterns according to Histologic Subtype and the Presence of GGO in Clinical Stage II or Above

Recurrence Pattern
All Patients  
(n = 123)

Patients with GGO  
Adenocarcinoma (n = 28)

Patients with Solid  
Adenocarcinoma (n = 95) P Value

Overall recurrence 123/287 (42.9) 28/90 (31.1) 95/197 (48.2) .006
Local recurrence* 5 (4.1) 3 (10.7) 2 (2.1) .04
Regional recurrence* 47 (38.2) 13 (46.4) 34 (35.8) .31
 Ipsilateral hila or mediastinum 14 (11.4) 3 (10.7) 11 (11.6) .90
 Contralateral hila or mediastinum, 

or ipsilateral or contralateral 
supraclavicular fossae

14 (11.4) 3 (10.7) 11 (11.6) .90

 Ipsilateral lung 25 (20.3) 9 (32.1) 16 (16.8) .08
Distant metastasis* 71 (57.7) 12 (42.9) 59 (62.1) <.001
 Brain 15 (12.2) 2 (7.1) 13 (13.7) .07
 Bone 9 (7.3) 1 (3.6) 8 (8.4) .39
 Contralateral lung 19 (15.4) 1 (3.6) 18 (18.9) <.001
 Other lymph node 8 (6.5) 3 (10.7) 5 (5.3) .31
 Chest wall or pleura 22 (17.9) 6 (21.4) 16 (16.8) .58
 Others 7 (5.7) 0 (0) 7 (7.4) .14

Note.—Data are numbers of patients with recurrence, with percentages in parentheses. GGO = ground-glass opacity.
* If two or more patterns of recurrence appeared at the same time on the date of recurrence, the higher grade of recurrence was selected 
(distant, regional, then local). If there were two or more initial recurrence sites within each recurrence pattern, they were all recorded.

Figure 4: Axial contrast-enhanced CT images in a 68-year-old woman with regional lymph node metastasis after 
surgical resection of lung adenocarcinoma in clinical stage IIB. (A) CT image with a lung window setting shows a 46-mm 
part-solid mass with a 28-mm solid component and a separate nodule (arrow) in the right upper lobe. No enlarged lymph 
nodes or distant metastases were found at staging chest CT or PET/CT (not shown). The clinical staging of the patient 
was T3N0M0, with an overall stage of IIB. At pathologic assessment of the surgical resection specimens, multiple tumors 
of papillary-predominant histologic subtype and pathologic N1 stage were confirmed. (B) CT image with a mediastinal 
setting from routine postoperative follow-up 1 year after the surgery shows newly enlarged lymph nodes in the right supra-
clavicular area (arrow) and ipsilateral mediastinum (not shown), indicating regional lymph node metastasis. PET/CT findings 
supported the diagnosis of recurrence (not shown), and the patient was treated with chemotherapy.
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Discussion
Little is known about the recurrence pattern and outcomes in pa-
tients with resected lung adenocarcinoma according to the pres-
ence of ground-glass opacity (GGO) at CT. Our study showed 
that recurrence patterns differed based on the presence of GGO: 

higher incidence of ipsilateral lung metastasis (39.2% [20 of 51 
patients]) with no regional lymph node metastasis in patients 
with GGO adenocarcinoma and higher incidence of brain me-
tastasis (16.5% [16 of 97 patients]) in patients with solid ad-
enocarcinoma in clinical stage I. Distant metastasis compared 

Table 4: Univariable and Multivariable Cox Proportional Hazards Model Analyses of Time to Recurrence

Variable

Univariable Analysis Multivariable Analysis*
Multivariable Analysis  

(Final Model)

HR P Value HR P Value HR P Value
Age (per year increase) 1.00 (0.99, 1.02) .69 1.00 (0.99, 1.01) .87 1.00 (0.99, 1.02) .72
Sex
 F Reference Reference Reference
 M 0.9 (0.7, 1.1) .38 0.8 (0.5, 1.2) .27 0.8 (0.7, 1.1) .14
Ground-glass opacity
 Absence Reference Reference Reference
 Presence 0.4 (0.3, 0.5) <.001 0.6 (0.5, 0.8) .001 0.6 (0.4, 0.8) <.001
Smoking amount .77 .61
 Never smoked Reference Reference
 ≤20 pack-years 1.1 (0.8, 1.5) .47 1.2 (0.7, 1.8) .46
 >20 pack-years 1.0 (0.8, 1.4) .77 1.0 (0.6, 1.5) .95
Tumor size (per 1-cm increase) 1.3 (1.2, 1.3) <.001
Solid component size  

(per 1-cm increase)
1.3 (1.2, 1.4) <.001 1.1 (0.9, 1.2) .20

CTR (per 0.1 increase) 1.6 (1.4, 1.8) <.001
Clinical T category <.001 .048 <.001
 T1a Reference Reference Reference
 T1b 4.4 (1.1, 18.4) .04 2.5 (0.6, 10.8) .21 3.1 (0.7, 13.1) .12
 T1c 10.3 (2.5, 42.0) .001 4.4 (1.0, 18.4) .045 5.8 (1.4, 24.0) .01
 T2a 15.4 (3.8, 62.9) <.001 6.6 (1.3, 33.3) .02 6.8 (1.7, 28.3) .008
 T2b 19.7 (4.8, 82.0) <.001 5.7 (1.0, 32.0) .047 7.5 (1.8, 31.8) .006
 T3 19.2 (4.6, 80.0) <.001 8.7 (1.7, 45.3) .01 10.3 (2.4, 43.6) .002
 T4 23.2 (5.4, 99.8) <.001 5.6 (0.9, 33.4) .06 10.1 (2.3, 44.0) .002
Overall clinical stage <.001 .35
 IA Reference Reference
 IB 2.0 (1.4, 2.8) <.001 0.6 (0.3, 1.4) .28
 IIA 2.8 (1.8, 4.3) <.001 0.8 (0.3, 2.2) .70
 IIB 3.2 (2.3, 4.4) <.001 0.8 (0.4, 1.7) .60
 IIIA 4.4 (3.1, 6.3) <.001 1.0 (0.5, 1.9) .98
 IIIB 2.3 (0.6, 9.3) .03 0.2 (0.0, 1.1) .06
Pathologic N category
 N0 Reference Reference Reference
 N1 or N2 5.1 (4.0, 6.4) <.001 3.6 (2.7, 4.7) <.001 3.7 (2.9, 4.8) <.001
Histologic subtype <.001 .31
 Lepidic Reference Reference
 Acinar or papillary 6.3 (2.6, 15.2) <.001 2.0 (0.8, 5.2) .13
 Solid or micropapillary 11.8 (4.8, 29.4) <.001 1.9 (0.7, 5.2) .19
Surgical method
 Lobectomy Reference
 Pneumonectomy 0.9 (0.1, 6.4) .92

Note.—Unless otherwise specified, data are hazard ratios (HRs), with 95% CIs in parentheses. CTR = consolidation-to-tumor ratio.
* Tumor size was excluded because it was correlated with solid component size (Spearman correlation r = 0.902; P < .001) and was the 
same as the solid component size in the group with solid adenocarcinoma. Consolidation-to-tumor ratio was excluded because it was 
correlated with solid component size (Spearman correlation r = 0.496; P < .001), being defined as the ratio of solid component size to total 
size, and it provides no prognostic information about solid adenocarcinomas, as all consolidation-to-tumor ratios are 1.0 in the group with 
solid adenocarcinoma.
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with local-regional recurrence (adjusted hazard ratio [HR], 2.1;  
P < .001) and brain metastasis (adjusted HR, 3.9; P < .001) 
compared with local-regional recurrence were associated with 
poor postrecurrence survival. In addition, GGO at CT was as-
sociated with time to recurrence and overall survival (P < .001).

In our study, recurrence patterns in patients with and with-
out GGO differed according to clinical stage. In clinical stage I, 
patients with GGO adenocarcinoma only had regional recur-
rence in the ipsilateral lung and no incidences of regional lymph 
node metastasis. It appeared that the recurrent tumor of GGO 
adenocarcinoma retains the characteristics of the primary tumor, 
which is known to have a low frequency of lymph node metas-
tasis. However, in clinical stage II or above, patients in the GGO 
adenocarcinoma group showed a rate of 10.7% (three of 28) 
for both ipsilateral hilar or mediastinal lymph node metastases 
and contralateral hilar or mediastinal or supraclavicular lymph 
node metastases. There was no evidence of a difference between 
the two groups (P = .90 for both). This is in line with a previ-
ous investigation that showed that the presence of GGO was 
associated with better disease-free survival only for patients with 
pathologic N0 category and clinical T1 category disease (20).

In keeping with several previous studies (7–9), distant metas-
tasis was the most common pattern of recurrence in our study 
sample (64.2% [95 of 148 patients] with clinical stage I disease 
and 57.7% [71 of 123 patients] with clinical stage II disease or 
above). However, the association between recurrence pattern 
and survival was not clear in previous studies. In the study by 
Sugimura et  al (5), local and distant recurrence showed simi-
lar 2-year PRS rates (P = .42), and in the study by Hung et al 
(19), recurrence pattern was not associated with PRS, even in 
the univariable analysis (P = .18). Because these previous stud-
ies collected information about recurrence from medical records 
and not from imaging reviews, the very first time points and 
sites of recurrence might not have been accurate. In our study, 
with meticulous retrospective reviews of all postoperative imag-
ing examination findings, distant metastasis (adjusted HR, 2.1; 
P < .001) and brain metastasis (adjusted HR, 3.9; P < .001), 
relative to local-regional recurrence, were associated with shorter 
PRS. Additionally, we found that brain metastases were more 
common in the group with solid adenocarcinoma (16.5% [16 
of 97 patients]) than in the group with GGO adenocarcinoma 
(7.8% [four of 51 patients]; P = .005) among patients with clini-
cal stage I disease.

In our study, the presence of GGO was a consistently favor-
able prognostic factor in terms of both time to recurrence (HR, 
0.6; P < .001) and OS (HR, 0.6; P < .001), which aligned with 
the findings of previous studies (11–15). Notably, the lower 
rates of distant metastasis and brain metastasis in GGO ad-
enocarcinomas may explain the better prognosis of GGO ad-
enocarcinomas compared with that of solid adenocarcinomas. 
Knowing the common sites of recurrence according to GGO 
presence and clinical stage may help radiologists read imag-
ing examinations without missing lesions in patients under 
surveillance for recurrence and facilitate the establishment of 
personalized surveillance strategies or selection of candidates 
for adjuvant therapy based on the risk of specific recurrence 
patterns. For example, brain surveillance or adjuvant therapy 

may be considered after resection of solid adenocarcinoma 
if the patient has additional risk factors for brain metastasis, 
such as EGFR variation or ALK rearrangement (24–26), patho-
logic N2 stage, or imaging predictors, such as the presence of 
spiculation or absence of air bronchogram (27). Additionally, 
follow-up with contrast-enhanced CT may be recommended 
until 2 years after surgery in high-risk groups because most of 
the recurrences occurred within the first 2 years after surgery 
(73.1% [198 of 271 patients]).

There are several limitations to our study. First, this study was 
conducted using single-center data in a single ethnic group with 
a high frequency of EGFR variation (28) and a relatively favor-
able prognosis (29). Therefore, our results need to be validated in 
larger, multicenter studies. Second, the variation status of EGFR 
and ALK was unknown in a high number of patients; therefore, 
its association with recurrence patterns could not be analyzed. 
Third, there were only a small number of patients for each of 
the different sites of recurrence. Fourth, there is still controversy 
over the definition of second primary lung cancer, although the 
criteria of Martini and Melamed (23) are the most widely used. 
Validation and modification of the criteria for application to a 
contemporary population may be needed in future studies. Last, 
the presence of the GGO component was evaluated by two ra-
diologists in consensus, and the size measurement of each tumor 
and analysis of recurrence patterns were performed by one ob-
server, although interobserver variability of size measurements 
was provided.

In conclusion, recurrence patterns, time to recurrence, and 
overall survival differed according to the presence of ground-glass 
opacity (GGO) at CT. Patients with GGO adenocarcinomas 
had a lower incidence of brain metastasis in stage I compared 
with those with solid adenocarcinomas. Distant metastasis, par-
ticularly brain metastasis, was associated with shorter postre-
currence survival. Further validation is warranted to apply our  
results to personalized surveillance strategies and patient selection 
for adjuvant therapy.
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