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Figure 4 Immunofluorescence of cell adhesion molecule 1 (CADM1) with Mitotracker staining in NCI-H441 cells expressing o. C terminal fragment
(CTF) and oxCTFmut. (A) NCI-H441 cells were untreated (a) or treated with a mixture of phorbol myristic acid and trypsin (b), or were transfected
with pCX4bsr-SP-aCTF (c) or pCX4bsr-SP-o.CTFmut (d). Then, cells were double stained with CADM1 immunofluorescence (green; left) and
Mitotracker fluorescence (red; middle). In the merged images (right), yellow areas mean colocalisation of both fluorescent signals—that is,
mitochondrial localisation of CADM1. Bar=10 j.m. (B) Graph showing overlap coefficients in NCI-H441 cells of the four types (a—d shown in (A)).
Intensity correlation between green and red fluorescence was quantified using Imagel Colocalisation Analysis, and overlap coefficients were
calculated. Data are expressed as mean+SD, and statistical significance was analysed by the Student's t test. *p<0.01 compared with the value of
untreated cells (a in (A)).
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Figure 5 Cell fractionation experiments of NCI-H441 cells expressing o C terminal fragment (CTF) and oCTFmut. NCI-H441 cells were
untransfected (left) or transfected with p3xFLAG-oCTF (middle) or p3xFLAG-oCTFmut (right), and were fractionated into cytosolic (CS) and
mitochondrial (Mit) fractions. Whole cytoplasmic lysates (CP) were extracted from aliquots of the cells. These lysates and fractions were analysed
with westem blotting using antibodies against cell adhesion molecule 1 (CADM1), cytochrome ¢ oxidase subunit IV (CoxIV) and glyceraldehyde
3-phosphate dehydrogenase (G3PDH). Open and closed arrows indicate FLAG tagged oCTF and o.CTFmut, respectively.

of TUNEL positive cells whereas oCTF increased the propor-
tion fivefold (p<0.01) (figure 6B).

DISCUSSION

We found that CADM1 ectodomain shedding increased in
emphysematous lungs from smoking patients, but not in normal
lungs from smoking patients, suggesting that oxidants in cigar-
ette smoke may act as a critical inducer of CADM1 ectodomain
shedding only in subjects who have particular genetic back-
grounds. Of interest, changes in emphysema susceptible genes,
such as o-1 antitrypsin,'® macrophage elastase,’® klotho™® and
surfactant D,?! lead to a relative excess of proteases, creating a
local protease/antiprotease imbalance.’® '3 In the present
study, all patients with smoking habits were obliged to quit
smoking more than 1 month before the date of surgery.
Therefore, oxidants seem not to promote CADMI1 shedding
through its direct ongoing action but rather seem to help estab-
lish long lasting protease/antiprotease imbalances in alveoli.

All but one patient (case No 19) analysed in this study had
lung cancer. Because CADM1 is known to be downregulated in
lung cancer due to promoter methylation,™ these patients had
potentially impaired CADM1 expression even in non-cancerous
lungs. We performed western blot analyses of a small number of
emphysematous lungs that did not develop lung cancer, and
detected a relative increase in oCTF and BCTF to full length
CADM1 (see online supplementary figure S7). Increased
amounts of o.CTF and BCTF appeared to be present in emphyse-
matous lungs as a result of increased ectodomain shedding of
CADM1 in emphysematous lungs, both with and without lung
cancer.

Cell fractionation and immunofluorescence experiments con-
sistently showed that aCTF localised to mitochondria. This
finding appeared to be relevant in vivo, as we detected intracy-
toplasmic CADM1 that was associated with mitochondria in
alveolar epithelial cells from emphysematous lungs (figure 2D).

Mutagenesis experiments revealed a decisive role for the intracy-
toplasmic domain in this subcellular localisation. How the intra-
cytoplasmic domain leads oCTF to mitochondria remains to be
addressed. A growing body of evidence is accumulating to show
that cell membrane spanning proteins, such as epidermal growth
factor receptor and mucin 1, can translocate to mitochon-
dria®® 2% Although mechanisms underlying these events remain
largely unknown, clathrin mediated endocytosis is shown to be
involved.”® After internalisation, mucin 1 is assumed to utilise
heat shock proteins as molecular chaperons for mitochondrial
translocation.” Higashiyama et @l demonstrated that the
remnant peptides generated by ectodomain shedding of type I
integral membrane proteins, such as pro-heparin binding epider-
mal growth factor-like growth factor and pro-amphiregulin, are
internalised into endocytotic vesicles.?” 28 The N and C termini
of the peptides are positioned inside and outside of the vesicles,
respectively, and the C terminal tail, free in the cytosol, plays a
decisive role in the intracellular destinations of the remnant
peptide.?” 28 o.CTF may be present as a vesicle associated trans-
membrane molecule in the cytoplasm, with its C terminal tail
being free outside the vesicle, and this C terminal tail may carry
a conformational signal that serves as a binding site for molecu-
lar chaperons, such as heat shock protein family members.
Exogenous a.CTF decreased mitochondrial membrane poten-
tial in NCI-H441 cells and increased apoptosis, suggesting that
mitochondrial localisation of aCTF might result in activation of
the mitochondrial apoptosis pathway. Mao et al reported that
exogenous CADMI induces caspase 3 activation and apoptosis
in AS549 lung adenocarcinoma cells lacking endogenous
CADM1, and that protein 4.1 binding motif and PDZ domain
binding motif in the intracytoplasmic domain are indispensable
for this induction.”® Members of the membrane associated gua-
nylate kinase (MAGuK) family are known as binding partners to
the latter motif.>® Interestingly, this family contains a subgroup
that carries the caspase recruitment domain in its N terminal
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ochondrial membrane potential in NCI-H441 cells and increases apoptosis. (A) Representative

results of JC-1 staining in NCI-H441. cells. NCI-H441 cells were untransfected (upper) or transfected with pCX4bsr-SP-a.CTF (middle) or
pCX4bsr-SP-aCTFmut (lower), and were stained 48 h later with JC-1 dye. Images were captured by a confocal laser microscope, and green and red
fluorescence signals were merged. Differential interference contrast images are shown in online supplementary figure S6. Bar=20 um. (B) Graph
showing changes in JC-1 red/green ratios in NCI-H441 cells after transfection. NCI-H441 cells were untransfected or transfected with
pCX4bsr-SP-aCTF or pCX4bsr-SP-oCTFmut, and were stained with JC-1 dye at the indicated time points. Cells were observed through a confocal
laser microscope and were morphometrically analysed to calculate JC-1 red/green ratios. Data are expressed as meanz= SD, and statistical
significance was analysed by the Student's t test. *p<0.01 compared with the value of untransfected cells. (C) Graph showing the proportion of
terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL) positive NCI-H441 cells at 2 days after transfection. Cells were transfected as
in (B). After 2 days, cells were stained with the TUNEL method, and the proportions of TUNEL positive cells were calculated. Data are expressed as
meanzSD, and statistical significance was analysed by the Mann—-Whitney U test. *p<0.01 compared with the value in untransfected cells.

region and participates in apoptosis signalling.>! «CTF and
BCTE which both share the intracytoplasmic domain, once pro-
duced, may activate the mitochondrial apoptosis pathway by
transporting particular MAGuK family members to mitochon-
dria in alveolar epithelial cells.

There are several splice variants of human CADM1, named
isoforms SP1 to SP4.>* Reverse transcription-PCR revealed that
nine lungs examined and NCI-H441 cells all expressed SP4
exclusively (see online supplementary figure S8). Tanabe et al
showed that SP1 and SP2 are shed constitutively, while SP3 is
non-cleavable.*® Our data proved SP4 cleavable. SP4 ectodo-
main shedding appeared to be not constitutive but induced by
particular pathological stimuli. Moiseeva et al reported that SP4
overexpressing HMC-1 mast cells show better survival and
lower caspase 3/7 activity than SP1 overexpressing cells.** This
difference between two isoforms may be explained by their dis-
tinct susceptibility to ectodomain shedding. In HMC-1 cells,
SP1 may produce more 0.CTF and/or BCTF than SP4, resulting
in activation of the mitochondrial apoptosis pathway.

In conclusion, we propose increased ectodomain shedding of
CADM1 as a novel molecular mechanism for increased alveolar
cell apoptosis in emphysematous lungs. This mechanism is an
extension of the conventional understanding that proteolytic
activity is locally excessive in emphysematous lung alveoli
because CADM1 ectodomain shedding per se is a proteolytic
process, and also suggests that selective inhibitors to block
CADM1 sheddase activity and/or mitochondrial localisation of
CADM1 shedding products can slow or halt the progression of
emphysema. In fact, ADAMI10 is released by human alveolar
macrophages, and intratracheal administration of an adenoviral
vector expressing ADAM10 in mice results in the development of
emphysema.’® Further characterisation of CADM1 ectodomain
shedding and its associated molecular events will open a new
avenue for target based therapeutic approaches to emphysema.

Contributors Al and YM designed the study, and Al wrote the manuscript. Al, TM
and MO provided the diinical samples. TM, MH, Tt, AY and TK performed the
experiments, and MH analysed the data.
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Appropriate Sublobar Resection Choice
for Ground Glass Opacity-Dominant
Clinical Stage IA Lung Adenocarcinoma

Wedge Resection or Segmentectomy

Yasuhiro Tsutani, MD, PhD; Yoshihiro Miyata, MD, PhD; Haruhiko Nakayama, MD, PhD;
Sakae Okumura, MD, PhD; Shuji Adachi, MD, PhD; Masahiro Yoshimura, MD, PhD;
and Morihito Okada, MD, PhD

Background: The purpose of this multicenter study was to characterize ground glass opacity
(GGO)-dominant clinical stage IA lung adenocarcinomas and evaluate prognosis of these tumors
after sublobar resection, such as segmentectomy and wedge resection.

Methods: We evaluated 610 consecutive patients with clinical stage IA lung adenocarcinoma who under-
went complete resection after preoperative high-resolution CT scanning and 8F-fluorodeoxyglucose
PET/CT scanning and revealed 239 (39.2%) that had a >50% GGO component.

Results: GGO-dominant tumors rarely exhibited pathologic invasiveness, including lymphatic,
vascular, or pleural invasion and lymph node metastasis. There was no significant difference in
3-year recurrence-free survival (RFS) among patients who underwent lobectomy (96.4%), segmen-
tectomy (96.1%), and wedge resection (98.7%) of GGO-dominant tumors (P = .44). Furthermore,
for GGO-dominant T1b tumors, 3-year RFS was similar in patients who underwent lobectomy
(93.7%), segmentectomy (92.9%), and wedge resection (100%, P = .66). Two of 84 patients (2.4%)
with GGO-dominant T1b tumors had lymph node metastasis. Multivariate Cox analysis showed
that tumor size, maximum standardized uptake value on *F-fluorodeoxyglucose PET/CT scan,
and surgical procedure did not affect RFS in GGO-dominant tumors.

Conclusions: GGO-dominant clinical stage IA Jung adenocarcinomas are a uniform group of tumors
that exhibit low-grade malignancy and have an extremely favorable prognosis. Patients with GGO-
dominant clinical stage YA adenocarcinomas can be successfully treated with wedge resection of
a Tla tumor and segmentectomy of a T1b tumor. CHEST 2014; 145(1):66-71

Abbreviations: FDG = 18F-fluorodeoxyglucose; FOV = field of view; GGO = ground glass opacity; HRCT = high-resolution
CT; HU = Hounsfield units; IRB = institutional review board; NSCLC = non-small cell lung cancer; OS = overall survival;
RFS = recurrence-free survival; SUVmax = maximum standardized uptake value

prognosis after lobectomy.” Although patients with
GGO-dominant tumors may be candidates for sublo-
bar resection, there is no clear evidence to support
this hypothesis.

Advances in radiologic techniques, such as high-
resolution CT ( HRCT) scanning and the widespr ead
use of low-dose helical CT screening, have enabled
frequent detection of early lung adenocarcinoma.!
On HRCT scan, early lung adenocarcinoma often con-
tains a nonsolid component, such as ground glass opacity
(GGO), that is closely associated with a pathologic
lepidic growth component.*5 Patients with GGO-
dominant small lung adenocarcinoma are believed

For editorial comment see page 9

A prospective study that compared sublobar resec-

to have a good prognosis.¢ A recent study also dem-
onstrated that patients with GGO-dominant clinical
T1NOMO lung adenocarcinoma (consolidation/tumor
ratio = 0.5 on thin-section CT scan) have an excellent

66

tion (wedge resection or segmentectomy) concomi-
tant with lobectomy for clinical TINOMO non-small
cell lung cancer (NSCLC) concluded that sublobar
resection resulted in a high local recurrence and a low
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survival rate.8 However, sublobar resection for early
lung cancer has been debated for a considerable amount
of time. Several studies have demonstrated the use-
fulness of sublobar resection for peripheral small-sized
NSCLC 3¢12 However, there currently is little evi-
dence in patients who are optimal candidates for sub-
lobar resection. Therefore, the present study aimed to
characterize GGO-dominant clinical stage IA lung ade-
nocarcinomas and to evaluate the prognosis of patients
with these tumors after sublobar resection.

MATERIALS AND METHODS

Patients

We evaluated the results of 8F-fluorodeoxyglucose (FDG)
PET/CT scans of 610 patients with clinical TINOMO stage IA lung
adenocarcinoma from four institutions (Hiroshima University,
Kanagawa Cancer Center, Cancer Institute Hospital, and Hyogo
Cancer Center, Japan) between August 1, 2005, and June 30, 2010.
Patients with incompletely resected tumors (R1 or R2) and those
with multiple tumors or who had previously undergone lung sur-
geries were not included in our prospectively maintained data-
base. Patient data obtained from this multicenter database were
retrospectively analyzed for this study. '

Patients underwent HRCT scanning and FDG-PET/CT scan-
ning followed by curative RO resection, and their tumors were
staged according to the seventh edition of the TNM Classification
of Malignant Tumors.’ Mediastinoscopy or endobronchial ultra-
sonography was not routinely performed because all patients had
undergone preoperative HRCT scanming and FDG-PET/CT scan-
ning. HRCT scanning and FDG-PET/CT scanning revealed an
absence of a > 1 cm enlargement in mediastinal or hilar lymph
nodes and an absence of > 1.5 accumulation for the maximum
standardized uptake value (SUVmax) in these lymph nodes, respec-
tively. Sublobar resection was allowed in patients with complete
disease removal as an optional procedure for a peripheral clinical
TINOMO tumor that was intraoperatively assessed as NO by fro-
zen section evaluation of enlarged lymph nodes or by ensuring
that there was no obvious enlargement of lymph nodes in the tho-
racic cavity. Systematic lymph node dissection, such as that of
hilar and mediastinal nodes, was performed during segmentectomy
but not during wedge resection. All patients showing pathologic
lymph node metastasis received four cycles of platinum-based che-
motherapy after surgery. :
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The inclusion criteria were preoperative staging determined
through HRCT scan and FDG-PET/CT scan, curative surgery
without neoadjuvant chemotherapy or radiotherapy, and a defin-
itive histopathologic diagnosis of lung adenocarcinoma. This

. study was approved by the institutional review boards (IRBs) of

the participating institutions (Hiroshima University Hospital IRB,
No. EKI-644; Kanagawa Cancer Center IRB, No. KEN-31; Can-
cer Institute Hospital IRB, No. 2008-1018; Hyogo Cancer Center
IRB, No. H20-RK-15). The requirement of informed consent from
individual patients was waived because this study was a retrospec-
tive review of a patient database.

HRCT Scanning

Sixteen-row multidetector CT scanning was used to indepen-
dently acquire chest images of subsequent FDG-PET/CT image
examinations. The following parameters were used to acquire
high-resolution tumor images: 120 kVp, 200 mA, 1- to 2-mm sec-
tion thickness, 512 X 512-pixel resolution, 0.5- to 1.0-s scanning
time, high-spatial reconstruction algorithm with a 20-cm field of
view (FOV), and mediastinal (level, 40 Hounsfield units [HU];
width, 400 HU) and lung (level, —600 HU; width, 1,600 HU) win-
dow settings. GGO was defined as a misty increase in lung atten-
uation without obscuring the underlying vascular markings. A
GGO-dominant tumor was defined as having a >50% GGO com-
ponent. We defined a solid tumor size as the maximum dimension
of the solid component measured on lung window settings, exclud-
ing GGO.! CT scans were reviewed and tumor sizes determined
by radiologists from each institution.

FDG-PET/CT Scanning

Patients were instructed to fast for =4 h before IV injection
of 74 to 370 MBq FDG and were subsequently advised to rest
for =1 h before FDG-PET/CT scanning. Blood glucose levels were
determined before tracer injection to confirm a <150 mg/dL
level. Patients with blood glucose levels of =150 mg/dL were
excluded from imaging. Forimaging, a Discovery ST (GE Health-
care), an Aquiduo (Toshiba Medical Systems Corporation), or a
Biograph Sensation 16 (Siemens AG) integrated three-dimensional
PET/CT scanner was used. Low-dose, nonenhanced CT images
of 2- to 4-mm section thickness for attenuation correction and
localization of lesions identified with PET scan were acquired from
head to pelvic floor in each patient by standard protocol. .

Immediately after CT imaging, PET scanning was performed
with an identical axial FOV for 2 to 4 min/table position, depend-
ing on condition of the patient and scanner performance. An iter-
ative algorithm with CT scan-derived attenuation correction was
used to reconstruct all PET images with a 50-cm FOV. We used
an anthropomorphic body phantom (NEMA PET Sensitivity Phan-
tom [NU2-2001]; Data Spectrum Corporation) to minimize varia-
tions in SUV among the institutions.’ To decrease interinstitution
SUV inconsistencies, a calibration factor was determined by divid-
ing the actual SUV by the gauged mean SUV in the phantom back-
ground. The final SUV used in this study was referred to as the
revised SUVmax.1617 The original SUVmax values were determined
by radiologists from each institution.

Follow-up Evaluations

All patients who underwent lung resection were followed up
from their day of surgery. For the first 2 years, postoperative
follow-up procedures included a physical examination and chest
roentgenogram every 3 months and chest and abdominal CT scan
examinations every 6 months. Subsequently, a physical examina-
tion and chest roentgenogram were performed every 6 months,
and a chest CT scan examination was performed each year.
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Statistical Analysis

Results are presented as counts and percentages or as medians,
unless stated otherwise. A x2 test was used to compare categorical
variable frequencies. Fisher exact test was used when sample sizes
were small. Recurrence-free survival (RFS) was defined as the
time from the date of surgery until the first event (relapse or death
from any cause) or the last follow-up. Overall survival (OS) was
defined as the time from the date of surgery until death from any
cause or the last follow-up. The Kaplan-Meier method was used
to assess RFS and OS durations, and these were compared by log-
rank test. To assess the potential independent effects of the sur-
gical procedure on RFS, we used multivariate analyses with a Cox
proportional hazards model. SPSS, version 10.5 (IBM Corpora-
tion) software was used for statistical analysis. The level of signifi-
cance was set at P <.05.

REsuULTS

Table 1 shows the characteristics of patients with
GGO-dominant tumors. Two hundred thirty-nine of
610 patients (39.2%) had GGO-dominant tumors that
had a >50% GGO component. No 30-day postopera-
tive mortality was observed for this population. The
median follow-up period after surgery was 42.2 months.
Patients with GGO-dominant tumors rarely had patho-
logically invasive tumors and lymph node metastases.
Table 2 shows the distribution of operative procedures
for each tumor size (clinical T1a and T1b). Sublobar
resections, such as wedge resection and segmentectomy,
were more likely performed in T1a tumors, whereas
lobectomy was more likely performed in T1b tumors.

Recurrences developed in two patients with GGO-
dominant tumors during the follow-up period (Table 3).
One patient was an 82-year-old man with a 1.0-cm solid
tumor size and with an SUVmax of 1.5 T1b (2.6 cm); peri-
toneal recurrence developed in this patient 23 months

Table 1—Clinicopathologic Features of Patients With
GGO-Dominant Tumors

Variable GGO-Dominant Tumors (n =239)
Age,y 65 (31-89)
Male sex 94 (39.3)
Whole tumor size, cm 1.8(0.7-3.0)
Solid tumor size, cm 0.2 (0-1.2)
SUVmax 0.9 (0-9.8)
Clinical T descriptor

la 155 (64.9)

1b 84 (35.1)
Procedure

Lobectomy 90 (37.7)

Segmentectomy 56 (23.4)

Wedge resection 93 (38.9)
Positive invasion

Lymphatic 3(1.3)

Vascular 2(0.8)

Pleural 1(0.4)
Positive lymph node metastasis 2(0.8)

Data are presented as median (range) or No. (%). GGO = ground glass
opacity; SUVmax = maximum standardized uptake value.
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Table 2—Distribution of Operative Procedures in
Patients With GGO-Dominant Clinical Tla and T1b

Lung Adenocarcinoma
T1a Tumor T1b Tumor
Procedure (n=155) (n=84) P Value
Wedge resection 79 (50.9) 14 (16.7)
Segmentectomy 37 (23.9) 19 (22.6) <.001
Lobectomy 39 (25.2) 51 (60.7)

Data are presented as No. (%). See Table 1 legend for expansion of
abbreviation.

after left-sided S6 segmentectomy. The other patient
was a 61-year-old woman with a 1.2-cm solid tumor
size and a tumor SUVmax of 1.8 T1b (3.0 cm); brain
metastasis developed in this patient 24 months after
right-sided middle lobectomy.

“There was no significant difference in 3-year RFS
among patients with GGO-dominant tumors who under-
went lobectomy (96.4%), segmentectomy (96.1%), and
wedge resection (98.7%, P = 44) (Fig 1A). Three-year
OS also was not significantly different among patients
with GGO-dominant tumors who underwent lobec-
tomy (97.6%), segmentectomy (98.2%), and wedge
resection (98.7%, P = .66) (Fig 1B).

There was no difference in pathologic invasive-
ness, including lymphatic, vascular, or pleural, between
patients with Tla GGO-dominant tumors and those
with T1b tumors (Table 4). For patients with T1b
GGO-dominant tumors, there was no significant dif-
ference in 3-year RFS among those who underwent
lobectomy (93.7%), segmentectomy (92.9%), and wedge
resection (100%, P = .66) (Fig 1C). Likewise, there
was no difference in 3-year OS among patients with
T1b GGO-dominant tumors who underwent lobec-
tomy (95.9%), segmentectomy (100%), and wedge
resection (100%, P = .56) (Fig 1D).

A multivariate Cox proportional hazards model for
RFS included the preoperative variables of age, sex,
clinical T descriptor, solid tumor size, SUVmax, and
surgical procedure. However, none of these variables
were independent prognostic factors (Table 5).

DISCUSSION

The results of this study showed that patients with
GGO-dominant clinical stage IA lung adenocarcinomas
rarely had pathologically invasive tumors and had an
excellent prognosis. These findings were consistent
with previous reports showing that GGO-dominant
lung adenocarcinoma had low malignant potential and
good prognosis &7 In addition, the current study showed
that 3-year RFS and OS after sublobar resection were
similar to those after lobectomy, without significant
differences in GGO-dominant clinical stage IA lung
adenocarcinoma.
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Table 3—Recurrences in Patients With GGO-Dominant Tumors

Whole Tumor  Solid Tumor

Patient Age,y  Sex Size, cm Size, cm SUVmax Procedure ly v pl n Recurrence Site Outcome
1 82 M 2.6 1.0 1.5 Segmentectomy 0 0 0 0 Peritoneum 25 mo, alive
2 61 F 3.0 12 18 Lobectomy 0 0 0 O Brain 67 mo, alive

F = female; ly = lymphatic invasion; M = male; n = lymph node metastasis; pl = pleural invasion; v = vascular invasion. See Table 1 legend for
expansion of other abbreviations. :

Sublobar resection generally is indicated for a small showed pathologic invasiveness or lymph node metas-
Iung‘cancer, such as those = 2 cm.31819 However, in tasis. Moreover, there were no differences in 3-year
the current study, GGO-dominant T1b tumors rarely RFS and OS between patients with GGO-dominant
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FIGURE 1. Recurrence-free survival (RFS) and overall survival (OS) curves for patients with ground-glass opacity (GGO) tumors who
undexwent lobectomy and sublobar resection. A, Three-year RFS rate for patients with GGO-dominant tumors who underwent wedge
resection (98.7%; mean RFS, 69.8 mo; 95% ClI, 68.6-70.9 mo), segmentectomy (96.1%; mean RFS, 70.3 mo; 95% CI, 67.3-73.4 mo), and
lobectomy (96.4%; mean RFS, 71.4 mo; 95% CI, 61.9-73.7 mo; P = .44). B, Three-year OS rate for patients with GGO-dominant tumors
who underwent wedge resection (98.7%; mean OS, 69.8 mo; 95% CI, 68.6-70.6 mo), segmentectomy (98.2%; mean OS, 71.4 mo; 95% CI,
69.0-73.7 mo), and lo%)ectomy (97.6%; mean OS, 72.0 mo; 95% CI, 70.0-74.0 mo; P = .66). C, Three-year RFS rate for patients with GGO-
dominant T1b tumors who underwent wedge resection (100%; mean RFS, not determined), segmentectomy (92.9%; mean RFS, 66.7 mo;
95% €I, 60.3-73.1 mo), and lobectomy (93.7%; mean RFS, 70.3 mo; 95% CI, 66.7-73.9 mo; P=.66). D, T{lree-year OS rate for patients
with {5GO-dominant T1b tumors who underwent wedge resection (100%; mean OS, not determined), segmentectomy (100%; mean OS,
not determined), and lobectomy (95.9%; mean OS, 71.3 mo; 95% CI, 68.3-74.3 mo; P = .56).
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Table 4—Pathologic Findings for GGO-Dominant Tla
and T1b Tumors

TlaTumors  Tlb Tumors
Variable (n=155) (n=84) PValue
Lymphatic invasion 1(0.6) 2(2.4) .28
Vascular invasion 1(0.6) 1(1.2) 1.0
Pleural invasion 0(0) 1(1.2) 35
Lymph node metastasis 0(0) 2 (2.4) 12

Data are presented as No. (%). See Table 1 legend for expansion of
abbreviation.

T1b tumors who underwent lobectomy and those
who underwent sublobar resection. Therefore, GGO-
dominant T1b tumors could also be candidates for
sublobar resection. We recommend segmentectomy
and not wedge resection for sublobar resection of a
GGO-dominant T1b tumor because these tumors could
involve lymph node metastasis, and taking a sufficient
surgical margin by wedge resection often is difficult
ina T1b tumor.

In the current study, we found that two of 84 patients
(2.4%) with GGO-dominant T1b tumors had lymph
node metastases. No lymph node metastases were
found for those with GGO-dominant T1a tumors. How-
ever, segmentectomy can approach hilar lymph nodes,
whereas wedge resection cannot; thus, we should choose
an optimal surgical procedure to avoid local recurrence
in hilar lymph nodes, surgical stump, or residual lung,
Segmentectomy would be superior to wedge resection
for taking a sufficient surgical margin and for assessing
hilar lymph nodes. Because sublobar resection includes
both wedge resection and segmentectomy, it is neces-
sary to distinguish between wedge resection and seg-
mentectomy to clarify which procedure was used.

We encountered two distant recurrences with GGO-
dominant T1b tumors: a brain metastasis after lobec-
tomy and a peritoneal metastasis after segmentectomy,
which could not be avoided even by standard lobec-
tomy. One of the most important issues with sublobar
resection is local control. Sublobar resection would be
suitable for a GGO-dominant tumor because in this
study, no intrathoraciclocal recurrence was observed,
although a longer follow-up will be necessary before

Table 5—Multivariate Analysis for Recurrence-Free
Survival for Patients With GGO-Dominant Tumors

Variable HR (95% CI) P Value
Age 108 (0.97-1.20) 15
Male vs female sex 0.85 (0.18-3.91) 83
T1b vs Tla descriptor 1.17 (0.20-6.70) .86
Solid tumor size 6.37 (0.45-89.9) 17
SUVmax 0.99 (0.52-1.90) .99
Lobectomy vs sublobar resection 1.27 (0.20-7.93) .82

HR = hazard ratio. See Table 1 legend for expansion of other abbre-
viations.
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arriving at a definitive conclusion because of the indo-
lent nature of GGO-dominant tumors.

In the current study, the surgical procedure used
and T descriptors were not independent prognostic
factors of RFS in patients with GGO-dominant tumors,
which also supports that a sublobar resection, such as
a wedge resection or a segmentectomy, is suitable for
GGO-dominant clinical stage IA lung adenocarci-
nomas, even for T1b tumors. In addition, solid tumor
size and SUVmax were not independent prognostic
factors of RFS. We previously reported that solid
tumor size on HRCT scan and SUVmax on FDG-
PET/CT scan were independent prognostic factors
for lung adenocarcinoma.42022 However, patients with
GGO-dominant lung adenocarcinomas have an excel-
lent prognosis regardless of solid tumor size or SUVmax.

We speculate that GGO-dominant tumors indicate
a uniform group exhibiting less tumor invasiveness
and a favorable prognosis. In the current study, GGO-
dominant tumors had small solid tumor sizes (median,
0.2 cm) and low SUVmax (median, 0.9). Prognosis
based on solid tumor size and SUVmax may be useful,
particularly for solid-dominant lung adenocarcinomas.
In a previous study, we proposed NO criteria that use
a solid tumor size of < 0.8 cm or SUVmax of < 1.5 for
predicting true NO in clinical stage IA lung adenocar-
cinoma; patients who met these NO criteria could be
candidates for sublobar resection, such as wedge resec-
tion and segmentectomy.! Furthermore, patients with
GGO-dominant tumors as well as those who meet the
NO criteria can be good candidates for wedge resec-
tion or segmentectomy.

Because this was a retrospective study, it is possible
that patients who underwent sublobar resection were
highly selective. Clinical trials comparing surgical results
between lobectomy and sublobar resection (segmen-
tectomy or wedge resection) for clinical T1aNOMO
NSCLC are currently being conducted by the Cancer
and Leukemia Group B (CALGB 140503) and the
Japan Clinical Oncology Group/West Japan Oncology
Group (JCOG080ZWJOG4607L). These study results
should indicate the significance of sublobar resection
for small NSCLCs.? Regarding T1b tumors, a pro-
spective study of segmentectomy for GGO-dominant
tumors is warranted.

In conclusion, GGO-dominant clinical stage IA lung
adenocarcinomas are a uniform group of tumors that
exhibit low-grade malignancy and have a favorable
prognosis. Patients with GGO-dominant tumors can
be treated with wedge resection for Tla tumors and
segmentectomy for T1b tumors.
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