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ABSTRACT

Objective:We performed a validation study to confirm the prognostic importance
of the presence of a ground-glass opacity component based on data of the Japan
Clinical Oncology Group study, JCOG0201, which was a prospective observational
study to predict the pathological noninvasiveness of clinical stage IA lung cancer in
Japan.

Methods: Among the 811 patients registered in JCOG0201, 671 were confirmed
eligible by study monitoring and a central review of computed tomography. Regis-
tered c-stage IA lung cancer was less than 30 mm in maximum tumor size, which
was classified into a with ground-glass opacity group (pure ground-glass opacity
and part-solid tumor) or solid group based on the status of a ground-glass opacity
component. T staging was reassigned in accordance with the 8th edition of the
TNM staging system. To validate the prognostic impact, overall survival was
estimated.

Results: Of the cases, 432 (64%) were in the with ground-glass opacity group and
239 (36%) were in the solid group with a median follow-up time of 10.1 years. The
5-year overall survival was significantly different between the with ground-glass
opacity group and solid group (95.1% vs 81.1%). The 5-year overall survival was
excellent regardless of the solid component size in the with ground-glass opacity
group (c-T1a or less: 97.2%, c-T1b: 93.4%, c-T1c: 91.7%). In contrast, prognostic
impact of the tumor size was definitive in the solid group (c-T1a: 87.5%, c-T1b:
85.9%, c-T1c: 73.7%).

Conclusions: Favorable prognostic impact of the presence of a ground-glass opac-
ity component was demonstrated in JCOG0201. The presence or absence of a
ground-glass opacity should be considered as an important parameter in the
next clinical T classification. (J Thorac Cardiovasc Surg 2021;161:1469-80)
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With GGO group
(N = 432)

Solid group (N = 239)
(Without GGO)

JCOG0201; c-stage IA NSCLC
30 mm or less in maximum size (N = 671)

cT1a or less cT1b cT1c cT1a cT1b cT1c

Solid tumor size differentiated survival outcome
only in lung cancer without GGO.
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CENTRAL MESSAGE

Favorable oncological outcome
of lung cancer with a GGO
component is demonstrated at a
nationwide level, which is
considered as a different onco-
logical category from that of
radiological solid tumor.
PERSPECTIVE
The results of a significant center validation in
Japan demonstrated that the favorable prognostic
impact of the presence of a GGO component was
confirmed in the prospective JCOG0201 dataset.
The presence or absence of a GGO should be
strongly considered as a novel important param-
eter in the next clinical T classification.

See Commentaries on pages 1481 and 1482.
Since the Japan Clinical Oncology Group (JCOG) study
prospectively validated the radiological definition that
enabled prediction of the pathological noninvasiveness of
clinical stage IA lung cancer based on the findings of
thin-section computed tomography (CT),1 many thoracic
surgeons have revealed that consolidation tumor ratio
(CTR) and solid component size were more prognostic
than maximum tumor size for resected non–small cell
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Abbreviations and Acronyms
CI ¼ confidence interval
CT ¼ computed tomography
CTR ¼ consolidation tumor ratio
GGO ¼ ground-glass opacity
HR ¼ hazard ratio
JCOG ¼ Japan Clinical Oncology Group
NSCLC ¼ non–small cell lung cancer
OS ¼ overall survival
PET ¼ positron emission tomography
RFS ¼ relapse-free survival
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lung cancer (NCSLC).2-7 This finding is extremely
important in the history of general thoracic surgery.
Subsequently, the 8th edition of the TNM staging system
drastically changed the staging system, with the clinical T
category being determined according to solid component
size and excluding ground-glass opacity (GGO).8 In
contrast, new issues are emerging from the proposed
changes concerning T parameters. Much of the confusion
is caused by the absence of a consensus on how to make uni-
form the measurements of solid component size in many
part-solid tumors in which solid component size is difficult
or impossible to measure.

In such circumstances, we have reported a new and sim-
ple fact that the presence of a GGO denotes a great influence
on the favorable prognosis of NSCLC, and the radiological
solid component size is irrelevant to the survival outcome of
NSCLC if the tumors show a GGO component.9-12 On the
other hand, radiologically determined pure-solid lung can-
cers without a GGO component exhibit more malignant
behavior and show several histologic types that have a
poorer prognosis than do radiologically part-solid lung can-
cers. Thus, the prognostic impact of the solid tumor size is
considered to be meaningful only in the pure-solid
NSCLC.9-12 This fact is extremely important when
considering future revision of the clinical T staging of
lung cancer, provided that the clinicopathologic and
oncologic outcomes are disparate between part-solid and
pure-solid tumors on the basis of a GGO presence.

Despite single institution advocacy for the prognostic
importance of the presence of a GGO component as a sig-
nificant clinical T parameter,9-12 this notion has not been
fully studied across institutions or at a nationwide level.
To validate this fundamental and simple prognostic
1470 The Journal of Thoracic and Cardiovascular Sur
feature of lung cancer, we aimed to demonstrate the
prognostic impact of the presence of a GGO component
in clinical stage IA NSCLC based on the long-term
follow-up data of JCOG0201. We hypothesized that the
favorable prognosis could be confirmed regardless of the
solid component size in tumors with a GGO component
by the prospective JCOG0201 dataset. Moreover, the pres-
ence or absence of a GGO component would be considered
an important parameter in the clinical T classification.
MATERIALS AND METHODS
Patient Eligibility Criteria

JCOG0201 was a prospective observational study to predict patholog-

ical noninvasiveness in clinical stage IA lung adenocarcinoma in Japan.1

The eligibility criteria were (1) a suspected or diagnosed lung cancer based

on the findings from a plain x-ray or CT scan; (2) clinical stage IA in the 5th

edition of the UICC TNM staging, that is, a tumor less than 30 mm in

maximum size by thoracic enhanced CT; (3) the center of the tumor is

located peripherally, that is, the outer half of the lung field on CT; (4)

measurable at least in 1 dimension on thin-section CT; (5) age range 20

to 75 years, (6) no prior thoracotomy; (7) feasible for pulmonary lobec-

tomy; and (8) obtained written informed consent. The exclusion criteria

were (1) synchronous or metachronous (within 5 years) malignancy other

than carcinoma in situ and (2) interstitial pneumonitis, lung fibrosis, or se-

vere pulmonary emphysema. All patients underwent a preoperative CT

scan, and hilar or mediastinal lymph nodes less than 1.0 cm in the shortest

diameter were regarded as clinical N0. The study protocol was approved by

the JCOG Clinical Trial Review Committee and by the institutional review

board of each participating center. The JCOG Data Center conducted the

central registration, data management, central monitoring, and statistical

analysis.

Between December 2002 and May 2004, 811 patients were enrolled

from 31 institutions. Of these, 140 patients were excluded in the present

supplemental analysis based on the ineligibility criteria including noncan-

cerous lesions. Finally, the prognosis of 671 patients (82.7%) was studied

on the basis of presence of a GGO component on thin-section CT scan.

Radiological Evaluation of the Primary Tumor
A contrast-enhanced CT scan was performed to evaluate the entire lung

for preoperative staging. In addition, the main tumor was evaluated preop-

eratively to estimate the extent of GGO by thin-section helical CT scan

with a 1- to 3-mm collimation. The evaluated factors on the lung window

were the maximum diameters of the tumor and consolidation; the presence

of a pleural tail; air bronchogram; homogeneity of the consolidation; and

sharpness of the tumor margin. The consolidation component was defined

as an area of increased opacification that completely obscured the underly-

ing vascular markings. GGO was defined as an area of a slight, homoge-

nous increase in density that did not obscure the underlying vascular

markings. Furthermore, The CTR was defined as the ratio of the maximum

size of consolidation to the maximum tumor size on thin-section CT scan.1

In this study, all tumors were classified into 2 groups based on the presence

of a GGO component on thin-section CT scan, that is, the with GGO group

(0 � CTR < 1.0, pure-GGO and part-solid tumor) or solid group

(CTR ¼ 1.0). Radiological semi-consolidation that had an intermediate

density between solid and GGO findings was categorized in the GGO

group, because they are considered to show a less-invasive nature tradition-

ally, which is clinicopathologically similar to that of pure GGO lesions.2

Clinical T staging was reassigned in accordance with the 8th edition of

the TNM classification.8 All tumors were defined as follows: 0 to 10

(mm) ¼ cT1a (or less), 11 to 20 (mm) ¼ cT1b, and 21 to 30

(mm) ¼ cT1c based on the solid component size.
gery c April 2021
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Central Review of Radiological Evaluation
To ensure the final diagnosis, radiological findings based on thin-section

CTwere strictly reviewed by 6 experienced thoracic oncologists (4 thoracic

surgeons and 2 radiology oncologists). This radiologic central review was

indicated for patients who were preoperatively or intraoperatively diag-

nosed with lung cancer. CT findings were evaluated coincidentally by

the six reviewers, and the final results were decided in consensus.

Pathological Evaluation
The resected specimen was sectioned at intervals of 5 to 10 mm

throughout the whole specimen. The main tumor was sectioned into 2- to

4-mm slices, and the following pathological factors were evaluated by

means of hematoxylin–eosin staining and elastic fiber staining: histologic

typing; grade of differentiation; maximum tumor size and solid component

size of the main tumor; pleural involvement; vascular invasion; lymphatic

invasion; and intrapulmonary metastasis.

Statistical Analysis
Parts of the methods and sample size calculation have been described by

Suzuki and colleagues.1 To validate the prognostic impact, overall survival

(OS) was estimated. OS was defined as the duration from enrollment to

death from any cause. For the patients alive, OS was censored at the last

contact date. Relapse-free survival (RFS) was defined as the duration

from enrollment to first recurrence or death from any cause. For the patients

alive and recurrence-free, RFS was censored at the last contact date. OS

and RFS were estimated by the Kaplan–Meier method. Between-group

comparison of survival was performed by log-rank test. Lung cancer recur-

rence was estimated by cumulative recurrent incidence. Between-group

comparison of lung cancer recurrence was performed by Gray’s test. Uni-

variable and multivariable analyses including all covariates were per-

formed to adjust confounding variables for both OS and RFS. All P

values were 2-sided. Hazard ratios (HRs) and 95% confidence interval

(CIs) were estimated using Cox proportional hazards model. All statistical

analyses were performedwith SAS software release 9.4 (SAS Institute, Inc,

Cary, NC) by the JCOG Data Center.

RESULTS
Of the 671 eligible cases, 407 patients showed CTR less

than 1.0, and 264 patients showed CTR ¼ 1.0 based on the
findings of thin-section CT scans. Among the patients with
a tumor showing CTR ¼ 1.0, 25 lesions (3.7%) presented
with a radiological semi-consolidation were categorized
in the GGO group. Finally, 432 (64%) were classified in
the GGO group, and 239 (36%) were classified in the solid
group according to the result of the central review board
(Figure 1).

The overall clinicopathological characteristics of the pa-
tients are summarized in Table 1. As a result of the CT find-
ings by the central review board, 215 (50%) were
categorized as c-T1a or less, 181 (42%) were categorized
as c-T1b, and 36 (8%) were categorized as c-T1c in the
with GGO group, whereas 8 (3%) were categorized as c-
T1a, 136 (57%) as c-T1b, and 95 (40%) as c-T1c in the
solid group. The solid group was male predominant
compared with the with GGO group (56% vs 35%),
whereas lobectomy was the main surgical procedure in
The Journal of Thoracic and Car
both groups. With regard to the pathological characteristics,
most patients in the with GGO group had adenocarcinoma
of the lung (99.3%), and several other histological types
were found in the solid group. Regarding tumor differenti-
ation, the solid group frequently showed poorly differenti-
ated lesions. Pathological nodal involvement was found in
51 patients (7.6%) in the entire cohort, whereas the propor-
tion of nodal metastasis was extremely high in the solid
group compared with the with GGO group (17% vs 2%,
P<.0001). The correlations between the frequency of nodal
involvement and the T parameters are as follows: c-T1a or
less ¼ 0% (0/196) (with GGO: 0/190, solid: 0/6), c-
T1b ¼ 6.1% (19/314) (with GGO: 6/180 ¼ 3.3%, solid:
13/134 ¼ 9.7%; P ¼ .0291), and c-T1c ¼ 25.0% (32/
128) (with GGO: 4/34 ¼ 11.8%, solid: 28/94 ¼ 29.8%;
P ¼ .0400). Table 2 presents the multivariable analyses
by Cox proportional hazard model, and the presence or
absence of a GGO component was an independently signif-
icant prognostic factor in both OS and RFS (Table 2A, OS:
HR, 1.730, 95% CI, 1.076-2.779, P ¼ .0236; Table 2B,
RFS: HR, 2.169, 95% CI, 1.388-3.991, P ¼ .0007).
The 5-year OS and 5-year RFS of the clinical stage IA

NSCLC in this study were 90.1% and 84.5%, respectively,
with a median follow-up time of 10.1 years, which was
significantly different between the with GGO and solid
groups (Figure 2, A, 5-year OS: 95.1% vs 81.1%, log-
rank test P< .0001, Figure 2, B, 5-year RFS: 93.3% vs
68.6%, P < .0001). Regarding the cause of death, 62%
was not associated with lung cancer–related diseases in
the with GGO tumor group. In contrast, 70% was due to
lung cancer–related death in the solid tumor group. When
we evaluated the survival outcomes based on solid compo-
nent size, it was excellent in the with GGO group. In partic-
ular, the 5-year OS of the with GGO group was 90% or
more regardless of solid component size (Figure 3, A,
5-year OS: c-T1a or less ¼ 97.2% [c-Tis ¼ 97.0%,
c-T1mi ¼ 97.0%, c-T1a ¼ 97.4%], c-T1b ¼ 93.4%,
c-T1c ¼ 91.7, Figure 3, B, 5-year RFS: c-T1a or
less ¼ 96.7% [c-Tis ¼ 95.5%, c-T1mi ¼ 97.0%,
c-T1a ¼ 97.4%], c-T1b ¼ 90.6%, c-T1c ¼ 86.1%). The
difference in OS among the adjacent T staging was not sig-
nificant in the with GGO group (c-T1a with GGO vs c-T1b
with GGO: HR, 1.959, 95% CI, 0.951-4.036, c-T1b with
GGO vs c-T1c with GGO: HR, 1.438, 95% CI, 0.656-
3.156). On the other hand, the prognostic impact of tumor
size was definitive in the solid group. Both the 5-year OS
and 5-year RFS split almost fairly among the different solid
component sizes, where difference in survival was espe-
cially significant between c-T1b and c-T1c in the solid
group (c-T1b solid vs c-T1c solid: HR, 1.791, 95% CI,
1.158-2.770) (Figure 4, A, 5-year OS: c-T1a ¼ 87.5%,
diovascular Surgery c Volume 161, Number 4 1471
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30 mm or less in maximum size (N = 811)

Exclusion (N = 140)

Pure-solid (N = 239)semi-consolidation (N = 25)

CTR < 1.0 (N = 407) CTR = 1.0 (N = 264)

JCOG0201S7 analysis
(N = 671)

With GGO group
(N = 432)

Solid group (N = 239)
(Without GGO)

Radiological central review:
4 Thoracic surgeons

2 radiological oncologists

FIGURE 1. Flow chart of patients. Between December 2002 and May 2004, 811 patients were enrolled. Of these, 140 were excluded on the basis of inel-

igibility criteria including noncancerous lesions. Finally, the prognosis of 671 patients (82.7%) was studied on the basis of presence of a GGO component on

thin-section CT scan. Of these, 432 (64%) were classified in a with GGO group and 239 (36%) were classified in a solid group according to the result of the

radiological central review board. NSCLC, Non–small cell lung cancer; CTR, consolidation tumor ratio; GGO, ground-glass opacity.
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c-T1b ¼ 85.9%, c-T1c ¼ 73.7%, Figure 4, B, 5-year RFS:
c-T1a ¼ 75.0%, c-T1b ¼ 75.0%, c-T1c ¼ 58.9%). Differ-
ences in OS based on the presence or absence of a GGO
component in each clinical T category were also significant
in the c-T1b and c-T1c groups (c-T1a with GGO vs c-T1a
solid: HR, 1.41, 95% CI, 0.19-10.6, c-T1b with GGO vs
c-T1b solid: HR, 1.95, 95% CI, 1.20-3.17, c-T1c with
GGO vs c-T1c solid: HR, 2.39, 95% CI, 1.12-5.09).
Figure 5 shows the comparison of survival between the
with GGO and solid groups. The survival differences
were obvious, and the prognosis of the with GGO group
was significantly better than for the c-T1b or c-T1c solid
tumors.

Lung cancer recurrence was observed in 102 patients (24
in the with GGO group and 78 in the solid group). The
5-year cumulative incidence of lung cancer recurrence
was 12.8% overall and significantly different between the
with GGO group and solid group (4.2% vs 28.5%, Gray’s
test P<.0001). Regarding recurrence, 12 local recurrences,
6 distant, and 6 local and distant recurrences were detected
in the with GGO group, whereas 37 local recurrences, 26
distant, and 15 local and distant recurrences were detected
in the solid group.

DISCUSSION
On the basis of a previously reported concept concerning

the prognostic value of a GGO component and its effect on
1472 The Journal of Thoracic and Cardiovascular Sur
clinical T classification in NSCLC staging,9 this study
aimed to demonstrate the prognostic importance of the pres-
ence of a GGO component in early-stage NSCLC using the
long-term follow-up data of JCOG0201 in Japan. The
strong points of this study are that prospectively collected
data with a long-term follow-up period is available for the
cohort in Japan, and strict evaluation was conducted on
the basis of the radiological central review of thin-section
CT scan by experienced thoracic oncologists. As a result,
this study reliably validated the fact that the oncological
outcomes of early-stage NSCLC differ based on the pres-
ence of a GGO component. That is, significant center vali-
dation suggested the favorable prognostic impact of the
presence of a GGO component in the prospective
JCOG0201 dataset. Thus, the presence or absence of a
GGO would be considered as an important T parameter in
the next clinical T classification.

In the 8th edition of the clinical TNM classification, one
important proposal was to measure the size of the solid
component excluding the GGO particularly in part-solid
lung adenocarcinoma to assign a clinical T factor.8 There
is no doubt that the size of the solid component better re-
flects malignant potential than the overall tumor size in
lung adenocarcinoma based on several retrospective evi-
dences.4-7 However, several debates are arising over the
application of radiological solid size to the current 8th
edition of TNM classification for the reasons discussed
gery c April 2021



TABLE 1. Clinicopathologic characteristics based on a ground-glass opacity presence in clinical stage IA non–small cell lung cancer

With GGO (n ¼ 432) Solid (n ¼ 239) P value*

Sex (male) 153 (35) 134 (56) <.0001

Age (y) (median, range) 62 (36-75) 60 (27-75) .3734

Operative procedures

Pneumonectomy 0 (0) 1 (0) .0001

Lobectomy 344 (80) 210 (88)

Bilobectomy 5 (1) 3 (1)

Segmentectomy 35 (8) 18 (8)

Wedge resection 47 (11) 5 (2)

Exploratory thoracotomy 1 (0) 2 (1)

Central review of the CT scan

Maximum tumor size (mm) (median, range) 20 (7-30) 19 (8-30) .8385

0-10 (mm) 30 (7) 8 (3)

11-20 (mm) 220 (51) 136 (57)

21-30 (mm) 182 (42) 95 (40)

Solid component size (mm) (median, range) 11 (3-30) 19 (8-309) <.0001

0-10 (mm) 215 (50) 8 (3)

11-20 (mm) 181 (42) 136 (57)

21-30 (mm) 36 (8) 95 (40)

CTR 0.57 (0-1.0) 1.0 <.0001

Pleural tail (present) 281 (65) 168 (70) .1716

Air-bronchogram (present) 352 (81) 81 (34) <.0001

Margin (hazy/distinct) 52 (12)/380 (88) 3 (1)/236 (99) <.0001

Nodal dissectiony
Hilar nodal dissection or less 168 (39) 59 (25) <.0001

Mediastinal nodal dissection 263 (61) 179 (75)

Pathological diagnosis

Adenocarcinoma 429 (99.3) 221 (92) <.0001

Squamous cell carcinoma 2 (0.5) 7 (3)

Large cell carcinoma 1 (0.2) 4 (2)

Adenosquamous cell carcinoma 0 (0) 3 (1)

Others 0 (0) 4 (2)

Differentiationz <.0001

Well/moderate/poor 379 (88)/39 (9)/5 (1) 88 (37)/93 (39)/38 (16)

Pathological tumor size (mm)

Maximum tumor size (mm)x (median, range) 16 (5-50) 18 (2-37) .0003

0-10 (mm) 84 (19) 22 (9)

11-20 (mm) 239 (55) 130 (54)

21-30 (mm) 98 (23) 77 (32)

>30 (mm) 9 (2) 7 (3)

Size of central fibrotic lesions (mm)k (median,

range)

5 (0-27) 7 (0-33) <.0001

0-10 (mm) 344 (80) 152 (64)

11-20 (mm) 75 (17) (23)

21-30 (mm) 7 (2) 16 (7)

>30 (mm) 0 (0) 1 (0)

Pleural invasion (pl){
pl0 398 (92) 158 (66) <.0001

pl1/pl2/pl3 24 (6)/6 (1)/0 (0) 55 (23)/20 (8)/3 (1)

Dissemination# (present) 2 (0) 4 (2) .1936

Intrapulmonary metastasis** (present) 4 (1) 5 (2) .2924

(Continued)
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TABLE 1. Continued

With GGO (n ¼ 432) Solid (n ¼ 239) P value*

Nodal metastasis (n)yy
n0 394 (91) 193 (81) <.0001

n1/n2 6 (1)/4 (1) 21 (9)/20 (8)

Vessel invasionzz (positive) 30 (7) 86 (36) <.0001

Lymphatic invasionxx (positive) 40 (9) 88 (37) <.0001

Additional AAHs (present) 47 (11) 12 (5) .0104

Categoric data are shown as numbers (%) and continuous data as mean� standard deviation if normally distributed, and median� IQR if not normally distributed (range). Nodal

dissection was classified into 2 groups; the hilar node dissection or less and the mediastinal nodal dissection which included both systematic and lobe-specific mediastinal nodal

dissection. GGO, Ground-glass opacity; CT, computed tomography; CTR, consolidation tumor ratio; AAH, atypical adenomatous hyperplasia. *P value in chi-square test or

unpaired t test. yThere were 2 missing data. zThere were 7 missing data and 22 unknown findings. xThere were 4 missing data and 1 unknown finding. kThere were 12 missing

data and 8 unknown findings. {There were 4 missing data and 3 unknown findings. #There were 2 missing data and 1 unknown finding. **There were 4 missing data and 6

unknown findings. yyThere were 3 missing data and 30 unknown findings. zzThere were 4 missing data and 4 unknown findings. xxThere were 3 missing data and 5 unknown

findings.
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next. First, there is inconsistency between radiological solid
component size and pathological invasive size in part-solid
lung adenocarcinomas.13-15 One reason for that is the
radiological solid area often represents a benign scar or a
fibrous scar harboring a stromal invasive component in
part-solid tumors pathologically.16,17 All the more, there
are several findings of part-solid tumors in which the solid
component size is difficult or impossible to measure
because of the presence of multiple, complicated, or
TABLE 2. Cox proportional hazard model for clinical stage IA non–small

2A: Overall survival Univariable HR (95% CI)

Sex (male) 1.644 (1.173-2.306)

Age (y) 1.052 (1.029-1.075)

Solid component size (mm) 1.087 (1.061-1.113)

GGO component (absence) 3.201 (2.265-4.523)

Pleural tail (presence) 0.988 (0.691-1.413)

Air-bronchogram (presence) 0.556 (0.397-0.779)

Operative procedures

(sublobar resection)

0.878 (0.540-1.427)

Nodal dissection (mediastinal

dissection)

1.195 (0.825-1.731)

2B: Relapse-free survival Univariable HR (95% CI)

Sex (male) 1.808 (1.317-2.482)

Age (y) 1.042 (1.021-1.063)

Solid component size (mm) 1.087 (1.063-1.111)

GGO component (absence) 3.781 (2.727-5.243)

Pleural tail (presence) 1.008 (0.721-1.409)

Air-bronchogram (presence) 0.512 (0.374-0.701)

Operative procedures

(sublobar resection)

0.836 (0.527-1.325)

Nodal dissection (mediastinal

dissection)

1.245 (0.879-1.763)

Nodal dissection was classified into 2 groups: the hilar node dissection or less and the medi

nodal dissection. HR, Hazard ratio; CI, confidence interval; GGO, ground-glass opacity. *

1474 The Journal of Thoracic and Cardiovascular Sur
scattered solid areas rather than a single focus. In the eighth
edition of the clinical T classification, there is no consensus
on how to make uniform measurements for such solid com-
ponents in many part-solid tumors.8 These include not only
typical part-solid tumors18 but also atypical part-solid le-
sions, such as GGO with scattered consolidations,19 GGO
with island-shaped consolidations,20,21 or GGO mimicking
organizing pneumonia.22 Furthermore, the way of
measuring solid component size in part-solid tumors is
cell lung cancer

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

.0334 1.367 (0.958-1.950) .0847

<.0001 1.048 (1.025-1.070) <.0001

<.0001 1.072 (1.039-1.106) <.0001

<.0001 1.730 (1.076-2.779) .0236

.9464 0.686 (0.460-1.022) .0637

.0007 0.881 (0.583-1.333) .5490

.5990 1.265 (0.725-2.207) .4072

.3462 0.918 (0.605-1.395) .6898

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

.0003 1.443 (1.035-2.013) .0305

<.0001 1.037 (1.017-1.057) .0003

<.0001 1.062 (1.032-1.093) <.0001

<.0001 2.169 (1.388-3.991) .0007

.9644 0.722 (0.500-1.045) .0841

<.0001 0.901 (0.615-1.321) .5929

.4452 1.244 (0.736-2.100) .4147

.2163 0.954 (0.648-1.407) .8137

astinal nodal dissection, which included both systematic and lobe-specific mediastinal

P value in Cox proportional hazard model.
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available only in lung adenocarcinoma, although several
other histological types should be taken into consideration
in the clinical T classification.

Meanwhile, recent institutional reports have noticed a
significantly simple fact that the presence of a GGO de-
notes an influence on the favorable prognosis of NSCLC.
More important, our daily practice clearly demonstrates a
new issue that radiologic pure-solid lung cancers without a
GGO component exhibit a more malignant behavior with
regard to both the clinical and pathological aspects, and
show several histologic types that have a poorer prognosis
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than radiologic part-solid lung cancer.9-12,23-28 Although
this concept has not been fully studied on a nationwide
level, a clinical implication of this analysis was that a
significant Japanese center validation demonstrated a
favorable prognosis of part-solid lung adenocarcinoma in
the prospective JCOG0201 dataset, which is irrespective
of the solid component size in cases in which the tumor
showed a GGO component. This notion is completely
different from known information on lung cancer with a
part-solid component. Furthermore, the oncological and
prognostic differences are immense in early-stage lung
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cancer based on the presence or absence of a GGO as sup-
ported in this study.12 Especially in lung adenocarcinomas,
the significant differences in clinicopathologic and onco-
logic outcomes between pure-solid and part-solid tumors
may be related to their distinctive carcinogenesis.9,12,24,29

Obvious distinctions regarding the several baseline charac-
teristics between the with GGO group and solid group is a
fundamental biological feature of early-stage lung cancer,
which would result in a big difference in prognosis, modes
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FIGURE 5. Comparison of survival outcomes between the with GGO group an

the prognosis of the GGO group was significantly better compared with those

1476 The Journal of Thoracic and Cardiovascular Sur
of recurrence, and overall behavior. Despite this, it is
impossible to distinguish part-solid tumors from pure-
solid ones without any GGO component by the 8th edition
of T staging. That is because both will be in the same T
category if they demonstrate the same solid component
size, which results in stage migration. In contrast, recogni-
tion of the presence or absence of a GGO on thin-section
CT would be more radical and reproducible. Furthermore,
focusing on the presence of a GGO is simple, useful, and
With GGO cT1a Solid cT1b Solid cT1c Solid
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d solid group (A, OS; B, RFS). The survival differences were obvious, and

for c-T1b or c-T1c solid tumors. GGO, Ground-glass opacity.
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VIDEO 1. The video was presented at the 99th Annual Meeting of The

American Association for Thoracic Surgery in Toronto, Canada, 2019.

Video available at: https://www.jtcvs.org/article/S0022-5223(20)30734-0/

fulltext.
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prognostic for evaluating oncological value, which would
be suitable for a universal application. Thus, it would be
more reasonable to have a separate staging system for
the 2 groups.

When the presence of GGO is recognized as an important
T parameter, one of the discussion points would be the
radiologic discrimination between pure-solid NSCLC and
solid-dominant part-solid lung adenocarcinoma. However,
previous studies rigorously evaluated the clinicopathologic
and prognostic differences among them,11,26 and this sup-
plemental analysis also supported the finding that presence
of even a small GGO component could predict better
survival, as shown in the survival result of c-T1c with
GGO tumor. In addition to the similar prognostic results
between c-T1b and c-T1c with GGO tumor in the current
study, the 5-year OS of c-T1c with GGO tumor was excel-
lent, being more than 90%. In this situation, the clinical
significance is unclear whether the prognostic category
should be subdivided by solid tumor size for such a good
prognostic population. Although a superb prognosis of
c-T1a or less lesion may require further discrimination in
the with GGO group, it is possible to settle the prognosis
of part-solid lung cancers with a GGO component as a
c-T1a disease based on the survival result of a reliable refer-
ence.30 In contrast, the survival difference was statistically
significant between c-T1b and c-T1c solid tumors, and their
survival outcomes behave worse even in the c-stage IA
lesion, which would be of value to distinguish them accord-
ing to tumor size.

With regard to the appropriate operative mode, tumors
with a radiologically noninvasive appearance, including c-
Tis and c-T1mi lesions, are candidates for limited surgical
The Journal of Thoracic and Car
resection or close observation. In contrast, major lung resec-
tion with mediastinal lymph node dissection is warranted
for radiologically invasive lung cancers. The efficacy of
intentional segmentectomy is under investigation for small
radiologically invasive lung cancers31; however, part-solid
lung adenocarcinoma with a GGO might be considered a
candidate for segmentectomy in the future. In contrast,
there were 52 local recurrences in the solid group, which ac-
counted for 22% of the T1 solid tumors. Lobectomy would
be a mainstay for radiologically solid tumors without a
GGO component to prevent locoregional recurrence.
Study Limitations
First, the study data on clinical stage IA NSCLC were

limited, and therefore mostly on lung adenocarcinomas
showing a tumor size less than 30 mm in maximum diam-
eter by thin-section CT scan. Hence, the present result
cannot be applied to all node-negative lung cancers with a
GGO component. However, because most of the lung can-
cers with a GGO experimentally demonstrate smaller tumor
size,9,24 we believe that the facts validated in this study are
highly valuable to refine the future clinical T staging. Sec-
ond, the number of c-T1a solid tumors was small for the
analysis. Third, the lack of data on positron emission to-
mography (PET) would be a limitation of this validation
analysis. However, the worldwide application of PET scan
is still limited in daily practice. Further studies are needed
to elaborate the role of PET in lung cancer staging. Fourth,
most of the patients in the JCOG0201 dataset underwent lo-
bectomy, which demonstrated favorable survival outcomes
for the with GGO tumor group. However, this does not indi-
cate whether the with GGO group is a proper candidate of
sublobar resection. We need to wait for the final results of
JCOG0802 in Japan31 regarding the appropriateness of
limited surgical resection for such a group.32 Finally, the
prevalence of early-stage NSCLC with a GGO component
seems to be higher in Japan or compared with Europe or
North America. We need some sort of validation from other
continents with regard to the prognostic value of the pres-
ence of a GGO component before advocating a general
change in the T-descriptor in the International Association
for the Study of Lung Cancer staging system.
CONCLUSIONS
The favorable prognostic impact of the presence of a

GGO component was demonstrated in the JCOG0201 data-
set, which was irrespective of the solid component size in
cases in which the tumor showed a GGO component
(Video 1). Lung cancer with a GGO component is consid-
ered as a different oncological category from the solid
diovascular Surgery c Volume 161, Number 4 1477
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tumor without a GGO. Further studies are required for more
refined T classifications; however, the presence or absence
of a GGO should be considered as an important parameter
in the next clinical T classification.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/
media/19%20AM/Sunday_May5/203BD/203BD/S45%
20-%20Screening%20and%20early%20stage/S45_6_
webcast_083357284.mp4.
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Discussion
Presenter: Dr Aritoshi Hattori

Dr Peter Licht (Odense, Denmark).
Although data on GGOs are increasing,
the surgical management criteria for
these GGOs are not well defined, and
we are looking forward to clear surgi-
cal guidelines. Dr Hattori and col-
leagues and other predominantly
Japanese research groups have studied

and published extensively on GGOs over the last decade.

Your previous article showed the prognostic influence of
any GGO component in early-stage lung cancer, which
was read at the American Association for Thoracic Surgery
The Journal of Thoracic and Car
meeting in Boston 2 years ago and recently published in the
Journal. It was considered groundbreaking by many col-
leagues, and it certainly stirred up some debate because
you are suggesting that the T descriptor of the International
Association for the Study of Lung Cancer staging system
should not only include the size and location of the tumor
but also the behavior of the tumor, meaning that any compo-
nent of a GGO should influence the T descriptor. It is a
radical paradigm shift that you're suggesting. In today's
presentation, you aimed to validate these retrospective
single-institution retrospective study by using a multicenter
prospective cohort.
I have a problem with your results, and I would caution

about safely concluding that your earlier findings have
now been validated. The baseline characteristics in the 2
groups of the JCOGO201 were significantly different
regarding known and important prognostic indicators.
Thus, there were substantially more men and more lymph
node upstaging in the solid group. Likewise, there was
more lymphatic and vessel infiltration in the solid group,
and there were more lobar versus sublobar resections in
the solid group. Pathology differed substantially, not only
the histological subtypes, but also differentiation, which
was lower in the solid group. Can we really rely on your
conclusion? Please explain why you compared the 2 groups
by simple univariate Kaplan–Meier survival analysis and
why you did not use a multivariate analysis model such as
a Cox proportional hazards model that would have allowed
you to adjust for obvious differences in baseline
characteristics?

DrAritoshi Hattori (Tokyo, Japan). In
our previous report published in the
Journal, we performed a multivariable
analysis including several clinicopath-
ological variables. But in this study,
because of the prospective study data,
and the study was started in 2002, there
are not so many variables to assess by a
multivariable analysis. Furthermore,
diovascular Surge
the aim of the study was to validate whether the presence
of a GGO component in itself is prognostic or not. So, we
did not perform the multivariate analysis and only evaluated
the survival outcomes.
Dr Licht. You certainly demonstrated that there's a dif-

ference and that GGO has an influence in your univariate
analysis. I would have loved to see a multivariate model.
My second question relates to the prevalence of early-stage
lung cancer with a GGO component, which appears to be
significantly more frequent in Japan and perhaps in all of
Asia, compared with, for example, Europe or North Amer-
ica. What is your view on validating such data in other
ry c Volume 161, Number 4 1479
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continents before we consider changing the T descriptor in
the international staging system?

DrHattori.Yes. This result is based on the Japanese pro-
spective study data. So, biologically, especially in Asian pa-
tients, GGO lung cancer is more common. But this feature is
not always prevalent in all the regions. So, if possible, we
need a further worldwide validation study.

Dr Licht. Indeed, a word of caution. My last question re-
lates to the use of PET scan in these patients. Previous
studies have shown significant differences in SUVmax
values between part-solid and solid tumors. You also pub-
lished on this topic earlier, and yet you decided to use the
JCOG0201 cohort in which I believe none had a PET
scan. Why would you choose this cohort to validate your
previous findings where you did have a PET scan, and
what do you think that PET could have added to the data
of the JCOG0201?

DrHattori. The data with SUVmax are more impressive,
but recently, PET scan is not always available all over the
world. In contrast, T descriptor is used worldwide and
must be a universal application. So, in that meaning, simply
available GGO findings on CT scan is important, but for
clinical research, PET scan is more effective for the treat-
ment of lung cancer.

Unidentified Speaker. I just wanted to add that I agree
with the findings. In the Journal of Thoracic Oncology,
there will be a publication that says the same thing, that
they should be divided, there should be a T descriptor for
1480 The Journal of Thoracic and Cardiovascular Sur
solid versus part-solid and nonsolid nodules, and we did
the Cox regression, the Cox hazard, multivariate analysis,
and all of them showed the same thing.

Dr Scott J. Swanson (Boston, Mass).
Did you look at the ratio between the
amount of GGO in the solid? I could
imagine a millimeter of GGO might
be different prognostically than 10 or
15 mm, and some people have looked
at that before. Did that play into the
prognosis, the ratio of the inflammation

to the solid piece?
gery c April 2021
Dr Hattori. With regard to the solid and GGO
relation?

Dr Swanson. Right. Of the ones that were part GGO, did
it stratify out based on how much GGO relative to the solid
component? Did you look at that at all?

Dr Hattori. In the study, we did not evaluate the consol-
idation to tumor ratio because the most focusing point was
the presence or absence of GGO. There are several radio-
logical findings in which it is difficult or impossible to mea-
sure the solid component size because of multiple,
scattered, or island-shaped solid area compared with those
of the single progress. But the most important finding is
that regardless of the solid component size, the survival
outcome was excellent if the tumor had a GGO component.
So, in this study, we did not evaluate the ratio of solid or
GGO component.
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