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Background: Radiologically characteristic ground-glass opacity (GGO) represents a special cohort of
pulmonary adenocarcinomas that has been unanimously defined as biologically inert. Lymph node metastasis,
however, occurs occasionally in these biologically “indolent” cancers. The incidence and underlying risk
factors of nodal metastasis remain unknown.

Methods: All surgically removed GGO lesions between January 2008 and December 2014 were
retrospectively reviewed from a single treatment institution. Pathologically-confirmed adenocarcinomas
with systemic lymph node dissection or sampling were enrolled into the present study. All the lesions were
classified into three groups according to the proportion of solid densities: group I, pure GGO; group II,
1% to 50%; and group III, 50% to 79%. Risk factor analysis of lymph node involvement was performed by
multivariate logistic regression.

Results: Of the 867 patents eligible for this study, 553 (63.7%) presented as pure GGOs (Group I) and
314 (36.2%) were mixed GGOs, of which 160 (18.5%) were in group II and 154 (17.8%) in group IIIL
Lymph node metastasis was confirmed in 25 patients, among these 25 cases, 11 (11/160) were group II and
14 (14/154) were group III; two of the 25 patients died from lung cancer metastases at their postoperative
23" and 36™ month, respectively. Statistical analysis revealed three predictors for lymph nodal metastasis:
tumor size, preoperative serum carcinoembryonic antigen level and proportion of the mix density.
Conclusions: A larger size, mixed GGOs with a higher proportion of solid component, and elevated serum

CEA level were associated with a higher preference for nodal metastasis.
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Introduction in pure ground glass nodules and part-solid glass nodules

‘ . . . according whether have solid part (2). According to the
Ground-glass opacity (GGO) is defined as slightly increased 2011 TASLC/ATS/ERS classification (3), pathologically

density on high-resolution computed tomography (CT), such areas may be associated with atypical adenomatous
in which the bronchial and vascular textures are still visible hyperplasia (AAH), adenocarcinoma in situ (AIS), and
(1,2). Generally, ground-glass nodule (GGN) is subdivided minimally invasive adenocarinoma (MIA) and even invasive
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adenocarcinomas. Currently, due to the increased use of
computed tomography and lung cancer screening trials, and
advances in radiologic techniques, such as high-resolution
CT (HRCT) scanning and the widespread use of low-dose
helical CT screening, the detection of GGO-manifesting
lung cancer is increasing, and has become a focus of
attention (4-6).

Generally, GGO lesions have been unanimously
considered "relatively" less aggressive biologically inert. It
has already been well proven that GGO-manifesting lung
cancers have excellent long-term outcomes (7,8). Cho et al.
documented a 98.6% 5-year overall survival rate for pure
GGO and 95.5% in a mixed GGO group and the 3-year
recurrence-free survival (RFS) was also more than 95% (9).
Lymph node metastasis, one of the most important issues
in lung cancer biological behavior, patients with GGO-
dominant tumors rarely had lymph node metastases. Suzuki
et al. found no lymph node involvement in GGO-dominant
lung cancer (8). However, nodal metastasis has still been
seen as a phenomenon in several prior studies of GGO
resections. Kodama ez 4/. found lymph node involvement
in 4 (4/52) tumors with a <50% GGO component (10).
Tsutani er al. also have found lymph node involvement
in 2 (2/239) tumors with a >50% GGO component (11).
These data, interestingly, have posed a practical dilemma
concerning recognition and removal of lymph nodes in a
GGO operation. Do GGO dominant lung cancers still need
systematic lymph node dissection and should sampling be
done as a routine procedure in lung cancer surgery?

As such, it is truly the case that there is clinical
significance in being able to recognize the “aggressive”
members in these GGO-manifesting adenocarcinomas.
In a background where either non-selective lymph node
dissection or systematic nodal sampling is still advocated
for non-small-cell lung cancers, the accurate recognition of
nodal status will undoubtedly help to define a reasonable
range for pursuing lymph node removal, especially for
these GGO-representing adenocarcinomas. Therefore,
this study aimed to determine related risk factors of lymph
node metastasis in GGO cases based on a large-scale case
series.

Methods
Inclusion criteria

All pulmonary resections for GGO lesions at Shanghai
Pulmonary Hospital in China between January 2008 and
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December 2014 were reviewed. We reviewed among
all CT scans for reports including the words “GGO”,
“GGN”, “nonsolid nodule”, “part-solid nodule”, “ground-
glass opacity” or “ground-glass nodule”. In addition, we
established the pathology-database of adenocarcinomas
for those patients, after reviewing each patients. The
inclusion criteria in the present study was: (I) GGO lesions
confirmed by high-resolution computed tomography
(HRCT); (II) histologically confirmed adenocarcinomas;
(III) either systematic lymph node dissection or sampling
was performed; and (IV) <3 cm in tumor size. Patients were
excluded if they had either distant metastasis, history of
lung cancer or neoadjuvant chemotherapy. Ultimately, 867
patients were enrolled into the present study. This study
was conducted in accordance with the principles of the
Declaration of Helsinkiand approved by the Institutional
Review Board of Shanghai Pulmonary Hospital (k16-167),

and all patients provided written informed consent for

surgery.

Preoperative examinations

All the patients underwent routine preoperative evaluations
such as cardio-pulmonary tests, brain magnetic resonance
imaging or enhanced CT, whole-body bone scan and
abdominal ultrasonography or CT as well, to rule out
possible metastasis. Serum tumor markers, including
carcinoembryonic antigen (CEA) and alpha-fetoprotein
(AFP) were routinely examined.

High-resolution CT evaluation

The HRCT scans were performed by using Somatom
Definition AS (Siemens Medical Systems, Germany) and
Brilliance (Philips Medical Systems, Netherlands) with 120
kVp and 100-160 mAs. All image data were reconstructed
with a section thickness of 0.7 to 1.5 mm. The lung
was photographed with a window level of -500 to -700
Hounsfield units and a window width of 1,000 to 2,000
Hounsfield units. All the HRCT images were reviewed
and related variables were measured and recorded by two
observers, both have at least five years of experience, which
included information on lesion size, pleural retraction,
air bronchogram sign, proportion of solid components,
etc. Air bronchogram is defined as air-filled bronchus is
visible in GGN (12). A pleural retraction was defined as a
linear attenuation heading toward the pleura or the major
or minor fissure from a GGN (12-14). The evaluated the
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lesion on the lung window were the maximum diameters
of the GGO and solid part (consolidation); the solid
component was defined as an area of increased opacification
that completely obscured the underlying vascular markings.
GGO was defined as an area of a slight homogeneous
increase in density that did not obscure the underlying
vascular markings. We record the longest diameter of
the solid part and the GGO lesion, then according to the
different proportions of GGO (solid part/GGO size); all
the lesions were reclassified into three groups: group I, pure
GGO; group II, 1% to 50%; and group III, 50% to 79%,
more than 80% were considered as solid inert, and don’t
include in this study. The two observes were unaware of the
lymph nodal status and pathologic staging. Discrepancies
in interpretation between observers were resolved by
consensus.

Operations

For peripheral nodules, a wedge resection was performed
and then sent for frozen section. This was converted to
subsequent segmentectomy or lobectomy when the frozen
section showed a tumor of an invasive nature. For deeply
localized lesions, preliminary segmentectomy or lobectomy
was initially scheduled. Systematic lymph node dissection
was performed in all patients with “invasive carcinomas”
and optional systematic lymph node sampling if the frozen
section showed “minimally-invasive adenocarcinomas” and
AIS. At our institution, systematic lymph node dissection
requested removal of at least three stations and more than
six mediastinal lymph nodes; hilar nodes were also routinely
harvested. Systematic lymph node dissection should remove
all lymphatic tissues within the defined anatomic landmarks
of stations 2, 4, and 7 to 12 on the right and stations 4 to 12
on the left, and optional systematic lymph node sampling
was requested removal of at least three stations according to
the classification of the American Thoracic Society.

Pathology

All tumor sizes were re-measured on the fresh specimens.
Tumor histological subtypes were recorded by two
pathologists independently, both have at least five years
of experience. The histological subtypes standard was
according to the new IASLC/ATS/ERS multidisciplinary
lung adenocarcinoma classification, which were respectively
AIS, minimally invasive adenocarcinoma (MIA), lepidic
predominant adenocarcinoma (LPA), invasive mucinous
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adenocarcinoma (IMA), acinar predominant, papillary
predominant, micropapillary predominant and solid
predominant (3). The lesions from 2008-2011 were classified
again. Further, visceral pleural invasion (VPI) was categorized
into three groups by elastin staining (Victoria blue-van
Gieson) (15): PLO represents a tumor either within the sub-
pleural lung parenchyma or invading superficially into the
pleural connective tissue beneath the elastic layer; and PL1
refers to a tumor that invades beyond the elastic layer but
is not exposed on the pleural surface, and PL2 was a tumor
that is exposed on the pleural surface but does not involve
adjacent anatomic structures. In this study, pathologic PLO
status was defined as without VPI, whereas pathologic PL1
and PL2 were defined as with VPI. Information regarding
lymph node metastasis was recorded as well.

Follow-up

All patients were closely followed up after their operations.
During the first post-operative two years, all the patients
were re-visits every three months. The schedules were
twice on the third post-operative year and then every
year thereafter. Patients were contacted every six months
between the intervals by phone call or mail to gather
information on health status and disease recurrence.

Data collection and statistical analysis

All clinical information was collected from the original
medical records. SPSS Statistics 20 software (IBM
Corp, Armonk, NY, USA) was utilized for subsequent
analysis. t-test was used to compare the serum tumor
markers between lymph nodal normal and metastasis
patients. In univariate analysis, relationships between the
clinicopathologic factors and postoperative nodal metastasis
were analyzed with Pearson’s chi-squared test or Fisher’s
test. The receiver operating characteristic (ROC) analysis
was performed to set the cut lines of different factors.
Multivariate logistic regression was performed on those
factors which were significant from univariate analysis. A
P<0.05 was considered statistically significant.

Results
General information

Of the 867 patients eligible for this study, there were 566
(65.3%) females and 301 (34.7%) males aged between 26
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and 80 (median 56) years old. 134 (15.5%) patients had a
history of smoking and the mean smoking index (pack years)
was 326 [100-1,600] (7able 1). Tumor history was found in
35 patients, and among them 7 had breast cancers, 7 thyroid
cancers, and one each for ovarian, prostate, stomach, rectal
and colon cancer; 10 patients had hysteromyomas and 16
had benign thyroid nodules.

Pathology

Histological subtypes of these 867 adenocarcinomas were
151 (17.4%) AIS; 210 (24.2%) MIA; and 506 (58.4%)
invasive adenocarcinomas. Respectively by histology, these
included: 248 (28.6%) cases of LPA, 82 (9.6%) acinar
predominant, 119 (13.7%) papillary predominant, 10 (1.2%)
micropapillary predominant, 30 (3.4%) solid predominant
and 17 (2.0%) invasive mucinous. VPI was found in 54
(6.2%) of the total case series, where all were at a PL1
level; there were no PL2 cases. Histological subtypes of
the pure GGO were 137 (24.8%) AIS; 146 (26.4%) MIA;
and 506 (48.8%) invasive adenocarcinomas. Respectively
by histology, these included: 156 (28.2%) cases of LPA, 41
(7.4%) acinar predominant, (8.7%) papillary predominant,
4 (0.7%) micropapillary predominant, 11 (2.0%) solid
predominant and 10 (1.8%) invasive mucinous (7able 2).
In total, 9,364 (average 10.8) lymph nodes were removed,
which included 5,822 mediastinal nodes and 3,542 hilar
nodes. There were in total 61 nodes (31 mediastinal and 30
hilar) in 25 patients that were positive, based on which these
25 tumors were staged as ITA in 12 and ITIA in 13 cases.

Among the 25 node positive cases, 7 were acinar-
predominant, 13 papillary predominant, 2 micropapillary
predominant and 3 solid predominant. Only 3 cases with
VPI. The incidence of lymph node metastasis was zero
in sub-centimeter tumors, 3.5% (13/367) in tumor sized
1-2 c¢m, and 8.8% (12/136) if the tumor size was 2-3 cm.
Of the 13 pN2 patients, 9 had simultaneous N1 nodal
involvement and 4 had nodal skip metastasis without hilar
involvement. Additionally, single mediastinal nodal station
involvement was seen in 8 patients, 2 stations in 4 patients,
and multi-station involvement was seen in 1 case. Among
all the metastatic mediastinal nodes, the most frequently
involved was the subcarinal station (10 positive nodes in 30
harvested, dispersed to 5 patients).

Serum tumor markers

There was a significant difference in mean preoperative
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serum CEA levels between those with and without lymph
node metastasis (7.7+10.4 vs. 2.125.1 ng/mL, P<0.001).
No significant differences were found for the other serum
tumor markers, , including AFP, neuron-specific enolase
(NSE), B-2microglobulin (B-MG), carbohydrate antigen
15-3 (CA15-3), and carbohydrate antigen 19-9 (CA19-9)
(Table 3). Ten out of these 25 cases had serum markers re-
evaluation during follow-up, with all of them showing a
reduction of postoperative serum CEA.

Radiological measurement

Of the cases, 553 (63.8%) presented as pure GGOs and
314 (36.2%) mix GGOs on thin-section CT scans. Among
the latter, 160 cases were grouped into group II and 154
into group III. Pleural retraction was noticed in 275
(31.7%) patients, 225 (26.1%) had an air bronchogram
sign. There were no patients with pure GGO that had
lymph node metastasis. The incidence of lymph node
metastasis was 5.8% (12/208) in solid sized 0.1-1 cm,
12.4% (12/97) in solid size 1.1-2 c¢m, and 11.1% if the
solid size was 2.1-3 cm. The 25 patients with lymph node
metastasis were all in the mixed GGO manifestations,
among them 11 (11/160) were Group II and 14 (14/154)
were Group III. And the lymph node metastasis between
Group II and Group III have statistical significance
(P=0.015), Additionally, 12 GGOs had pleural indentation

and an air bronchogram sign was visible in 9 cases.

Follow-up outcomes

Follow up information was obtained from all patients. Of
the 25 node positive cases, 16 patients had operations in
recent 12 months, 8 patients in the last two years and only
one did it at two years ago. Two of these patients, both at
an N2 nodal status, died at the post-operative 23" month
and 36™ month, respectively. They both presented as mixed
GGO lesions with a >50% solid ratio and had abnormal
serum CEA levels of 7.42 and 5.48 ng/mL, respectively. No
recurrence was noticed in the rest of patients at the date of
follow-up.

Univariate analysis toward lymph node metastasis

Univariate analyses showed that a solid ratio, tumor size,
solid size and CEA level were significantly associated with
lymph node metastasis (1zble 1). Figure 1 showed the ROC
curve generated based on distributions of each candidate
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Table 1 Clinicopathologic characteristics in 867 GGO-manifesting Table 1 (continued)
lung adenocarcinomas Variable Total NO N1 N2 P value
Variable Total NO N1 N2 Pvalue Solid size (cm) <0.001
All patients 867 842 12 13 0 553 553 0 0
Age (years) 0.971 0.4-1.0 208 196 7 5
>60 374 363 5 6 11200 97 85 5 7
<60 493 479 7 7 0 1-30 9 8 0 1
Gender 0.535 GGO type <0.001
Male st 202 3 6 Pure GGO 553 553 0 0
Female %66 58097 Mix GGO 314 289 12 13
Smoking history 0.249 Solid ratio (%) <0.001
Absent 733 711 12 10 0 553 553 0 0
Present 134 131 0 3 1250 160 149 6 5
Operations type 0.409 50-100 154 140 6 8
Wedge 69 69 0 0 Pleural retraction 0.167
Segmentectomy 8 8 0 1 Absent 592 579 7 6
Lobectomy 712 688 12 12 Presence 275 263 5 7
Tumor history 0.591 VPI 0.312
Absent 832 809 11 12 PLO 813 701 10 12
Presence 35 33 1 1 PL1 54 51 2 1
Family cancer history 0.749 Air brochogram sign 0.419
Absent 848 823 12 13 Absent 642 626 7 9
Presence 19 19 0 0 Presence 225 216 5 4
CEA level (ng/mL) <0.001 Pathologic type <0.001
<2.75 716 709 8 4 Adenocarcinoma in situ 151 0 0 0
22.75 118899 Minimally invasive 210 210 0 0
Tumor location 0-534 Lepidic predominant 248 248 0 0
Right upper lobe 355 344 6 5 Acinar predominant 82 75 4 3
Right middle lobe 55 52 2 ! Papillary predominant 119 106 6 7
Right lower lobe 116 111 3 2 Micropapillary 10 8 1 1
Left upper lobe 245 241 A 3 predominant
Leftlower lobe 96 94 0 2 Solid predominant 30 27 2 1
Tumor size (cm) <0.001 Invasive mucinous 17 17 0 0
<1 364 364 0 0 CEA, carcinoembryonic antigen; GGO, ground-glass opacity;
1120 367 354 . 5 VPI, visceral pleural invasion.
2.1-3.0 136 124 5 7

Table 1 (continued)
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Table 2 Relationship between GGO type and pathologic type
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Variables Total Group | Group Il Group IlI P
Pathologic type <0.001

Adenocarcinoma in situ 151 137 11 3

Minimally invasive 210 146 39 25

Lepidic predominant 248 156 52 40

Acinar predominant 82 41 15 26

Papillary predominant 119 48 25 46

Micropapillary predominant 10 4 2 4

Solid predominant 30 11 12 7

Invasive mucinous 17 10 4 3
GGO, ground-glass opacity.
Table 3 Serum tumor markers measurement of different nodal status
Node status AFP (ng/mL) CEA (ng/mL) NSE (ng/mL) B-MG (ng/mL) CA15-3 (U/mL) CA 19-9 (U/mL)
NO 4.34+3.30 2.13+5.12 13.21+7.93 1.20+0.62 8.33+4.21 15.23+10.39
N1-2 5.06+4.15 7.68+10.39 12.33+3.31 1.44+1.08 8.30+4.65 18.78+10.58
P value 0.293 <0.001 0.586 0.070 0.971 0.055

AFP, alpha fetoprotein; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; f-MG, p2-microglobulin; CA15-3, arbohydrate

antigen 15-3; CA19-9, arbohydrate antigen 19-9.
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Figure 1 Receiver operating characteristic curves illustrating the capacity of (A) tumor size, (B) solid/GGO, (C) CEA level to predict lymph

node metastasis. AUC, area under curve; CI, confidence interval; GGO, ground glass opacity; CEA, carcinoembryonic antigen.
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Table 4 Independent predictors of lymph node involvement by

multivariate analysis

Variables Odds ratio 95% CI P value
Tumor size 2.544 1.271-5.092 0.008
GGO status (ratio) 3.272 1.759-6.089 <0.001
CEA level 9.672 3.805-24.584  <0.001

CEA, carcinoembryonic antigen; GGO, ground-glass opacity; Cl,
confidence interval.

variable toward lymph nodal metastasis. The area under the
ROC curve values for preoperative serum CEA level, tumor
size, and solid/GGO ratio were 0.809 [95% confidence
interval (CI): 0.780-0.835], 0.770 (95% CI: 0.741-0.798)
and 0.797 (95% CI: 0.769-0.823), respectively. The optimal
cutoff points were: 2.75 ng/mL CEA level, 1.1 cm for
tumor size of the entire lesion and 24% for solid GGO
ratio, which represent a higher CEA level (>2.75 ng/mL),
bigger size (>1.1 cm) and lesion with solid ratio larger than
24% has high risk for lymph node involvement. There
were no significant differences in distribution of node status
according to age, gender, smoking history, tumor location,
pleural invasion, air bronchogram sign, tumor history and
family history of cancer.

Multivariate analysis toward lymph node involvement

Multivariate analysis confirmed three independent
predictors of nodal metastasis: preoperative serum CEA
level (OR: 9.709, P<0.001), tumor size (OR: 2.554,
P=0.008), and solid ratio of GGO (OR: 3.289, P<0.001)
(Table 4).

Discussion

GGO-dominant lung cancers, although defined as
malignant, have been unanimously considered inert based
on the following observations. Firstly, the doubling time of
this special category of tumor was longer than solid lung
cancers. Hasegawa et al. suggested that pure GGO, semi-
solid lesions and solid lesions had an average doubling time
of 813, 457, and 149 days, respectively (16). Secondly, both
lymphatic and remote metastatic rates were extremely low
at the first time of diagnosis. In the case series of Hashizume

and Ohde et al., there was no lymph node involvement when
a GGO area occupied >50% of lesions (17,18). And thirdly,
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the long-term prognosis of these GGOs was optimal. Cho
et al. even documented a 98.6% 5-year overall survival rate
of pure GGO and 95.5% in a mixed GGO group (9).

The “aggressive” side, however, in the form of nodal
metastasis was not rare in these GGO lesions. The
nodal metastasis rate was 2.9% (25/867) in the present
total case series. It was even higher in mixed GGO cases
where the number reached 6.9% (11/160) if a solid part
occupied a <50% area, and was 9.1% (14/154) if the solid
component was of a>50% area. Several prior studies
also show the same conclusion. Tsutani ez #/. noticed
lymph node involvement in 2 (2/239) patients who had
a >50% GGO component (11). Aoki e 4/. also listed one
case of node metastasis in his 24 case series with a >50%
GGO component (19). All these data highly suggest that
consideration of lymph nodes is also a critical issue in a
certain subgroup of these “inert” lung cancers.

One of the most prominent risk factors toward lymph
node metastasis was tumor diameter, as demonstrated in both
the present and past studies. In this study, no lymph nodal
metastasis, after a comprehensive review of the literature
showed that for sub-centimeter GGO lesions, there was no
evidence of lymph node metastasis. This empirical finding
now has additional support from the ROC curve in the
present study, which statistically agreed with the inert nature
of the sub-centimeter tumors. With an increase in entire
size, the rate of lymph node metastasis increased to statistical
significance. In our study, it was 3.5% (13/367) for 1-2 cm
tumors and 8.8% (12/136) for 2-3 ¢cm tumors (P<0.05).

Using serum CEA level as a predictor requires further
investigation. The other preoperative serum tumor markers,
such as AFP, etc., showed no statistical significance. In our
study, the serum CEA level is related to the lymph node
metastasis, and the cut-off value of serum CEA level is
2.75 ng/mL, even this level was within the normal range.
serum CEA level has been as a predictive factor for lymph
node metastasis in many studies (20-22). Prior studies from
Kioke et al. have evaluated both a CEA level of >5.0 and
>3.5 ng/mL were associated with lymph nodal metastasis in
non-small-cell lung cancers, which included lung cancers of
a GGO manifestation (20). In that study, the rate of lymph
node metastasis was 13.8% and 6.3% when serum CEA was
>5 and <5 ng/mL, respectively. Therefore, cancerous GGO
lesions with an enhanced serum CEA level had a possibly
higher prevalence of lymph node metastasis, even when the
serum CEA level was within the normal range (0-5 ng/mL).

The relationship between postoperative histological
type and lymph node involvement was also examined in the
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present study. In present study, all 25 cases with lymph node
metastasis were pathologically invasive adenocarcinoma.
Interestingly, no metastasis was observed in LPA and this
finding was consistent with some previous studies (22-24).
In addition, Russell ez 4l. also proposed that there was no
lymph node metastasis in AIS, MIA or IMA cases, which
was exactly the same as found in our study. The underlying
clinical significance is that such cases most possibly had very
minimal chance of nodal involvement and therefore could
be possibly waive nodal dissection. A definite conclusion
warrants further investigation and evidence.

GGO density is obviously an important suggestion
of invasiveness. In our study, all 25 patients with nodal
metastasis were in mixed GGO manifestations and
among them 11 (11/160, 6.9%) were group II and
14 (14/154, 9.1%) were group III, the lymph node
metastasis between group II and group III have statistical
significance (P=0.015). And according to the ROC curve,
which represent that lesion with solid ratio larger than 24%
has high risk for lymph node involvement. Cho and his
colleges think that consolidation-to-tumor ratio less than
0.25 should be considered as pure GGO (9). Matsuguma
et al. showed that a greater GGO ratio was associated with a
lower nodal metastasis rate, the authors divided GGO into
five groups according to the proportion of the GGO area:
0%, 1-25%, 26-50%, 51-75% and 76-100%, and found
the rate was 44.4% (12/27), 18.2% (4/22), 22.2% (2/9), 0%
(0/11) and 0% (0/15), respectively (25). Aoki et 4l. noted that
the rate was 26.0% (19/73), 16.7% (5/30) and 4.2% (1/24) in
accordance to the proportion of GGO area at <10%, 10-50%
and >50% (19). Together, this data highly suggested that for
mixed GGO lesions, the definite size and serum CEA level
should be incorporated while planning nodal removal.

One of the most important clinical significances of
finding nodal metastasis lies in possible survival prediction
and subsequent medical intervention. During the relatively
inadequate follow-up period of the present study (median
15 months), there were already two death cases subsequent
to the “aggressive” lymph node involvement. In Cho and
associates’ case series, the 5-year overall survival rate was
98.6% in the pure GGO group and 95.5% in the mixed
GGO group (P=0.663) (9). We believe that among the prior
studies, there was also heterogeneity among GGOs. As
such, recognition of the aggressive biological behavior helps
define and properly treat these cases.

The present study has several limitations. It was a
retrospective study, with a relatively short follow-up time,
and was only derived from one single center. Only a few
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patients underwent positron emission tomography, which
is superior to CT for mediastinal staging of lung cancer,
data analysis has been not available to us, because of the
limited availability of positron emission tomography in
China limits the ability to make comparisons with studies
in other countries where positron emission tomography
is performed routinely. We believe that the screening of a
large case series in the present study may help in identifying
lymph node status in GGO-manifesting lung cancers.

In conclusions, among the majority of “indolent” GGO
lesions, lymph node metastasis occurs occasionally at 2.9%.
Lymph node metastasis was absent in sub-centimeter GGO
lesions and pure GGOs. Mixed GGO, elevated serum CEA
level (>2.75 ng/mL) and a larger tumor diameter predicted
a higher possibility of lymph node metastasis.
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