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Table 3
Postrecurrence survival analyses

Factors Univariate analysis Multivariate analysis
Number  Median PRS p-value HR 95% CI p-value
(months)

Age at recurrence

(median: 66)

<66 76 18.9
> 66 94 15.8 0.242
Gender
Male 118 15.5 1
Female 52 256 < 0.001 0.487 0.297-0.801 0.005
Smoking status
Never smoker 59 25.0
Ever smoker 111 14.1 0.006
T category
T1 87 15.8
T2 83 19.6 0.476
Tumor size
0-30 mm 132 16.9
> 30 mm 38 20.9 0.632

Pathological vascular

invasion
Absent 53 15.8
Present 113 17.0 0.088
Pleural invasion
Absent 115 15.8
Present 53 18.8 0.393
Histology
Adenocarcinoma 124 20.9
Nonadenocarcinoma 46 12.4 < 0.001
Differentiation
‘Well or moderate 97 20.8 1
Poor 65 14.1 0.002 1.810 1.194-2.743 0.005
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Type of surgery
Single lobectomy
Bilobectomy or
pneumonectomy

Adjuvant therapy
Without
With

Postrecurrence therapy
Without
With

Recurrence free interval
< 24 months
> 24months

Type of recurrence
Distant
Local only

Number of recurrent

sites
Single
Multiple

162

134
36

41
118

82
88

127

43

132
38

17.3
19.5

15.9

21.0

72
21.4

16.2
18.4

15.8

18.8

16.8
18.6

0.152

0.547

0.021

0.021

0.087

0.305

1
0.542

0.344-0.853

0.008

PRS: postrecurrence survival, HR: hazard ratio, CI: confidence interval
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Table 4
Postrecurrence survival analyses in 118 patients who underwent postrecurrence therapy

Factors Univariate analysis Multivariate analysis
Number  Median PRS p-value HR 95% CI p-value
(months)

Age at recurrence

<66 63 22.4

> 66 55 19.5 0.151
Gender

Male 79 20.0

Female 39 27.2 0.002

Smoking status

Never smoker 43 27.6

Ever smoker 75 17.6 0.035
Histology

Adenocarcinoma 84 24.4 1

Nonadenocarcinoma 34 139 <0.001 2.136 1.273-3.585 0.004
Differentiation

Well or moderate 66 23.1

Poor 46 18.8 0.019
Lung metastasis

Absent 68 19.8

Present 49 214 0.053

Brain metastasis

Absent 96 19.6

Present 21 22.6 0.584
Bone metastasis

Absent 100 219 1

Present 17 15.8 0.001 3.288 1.783-6.062 < 0.001
Liver metastasis

Absent 110 21.9 1

Present 7 10.5 0.001 4518 1.793-11.379 0.001
Chemotherapy

Without 15 9.6 1
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With

Surgical resection
Without
With

EGFR-TKI therapy
Without
With

Second line therapy
Without
With

Recurrence free interval
< 24 months
> 24 months

Type of recurrence
Distant
Local only

Number of recurrent sites
Single
Multiple

103

110

91

27

52
66

59
59

85
33

89
29

22.7

20.8
33.7

17.0
414

14.0
27.2

17.0
22.4

20.8
21.8

21.0
20.8

0.009

0.209

0.002

0.004

0.394

0.086

0.049

0.478

1
0.460

0.236-0.975

0.245-0.862

0.040

0.015

PRS: postrecurrence survival, HR: hazard ratio, CI: confidence interval, CT: chemotherapy,

EGFR-TKI: epidermal growth factor receptor-tyrosine kinase inhibitor
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Table 5
Postrecurrence survival of patients with stage I non-small cell lung cancer in previous
series
No.of  Incidence of Type of Independent favorable
Series patients recurrence (%) PRS recurrence factors of PRS
Martini (1995) © 598 159 (26.6) NR L/ D NR
Al-Kattan (1997) ' 123 36(29.3) NR L/D NR
Nakagawa (2008) 4 397 87(21.9) 67.7% (1y) L/D Symptom at recurrence (-)
34.4% (3y) Cervico-mediastinum meta. (-)
Liver meta. (-)
PRT (Surgery/ non-surgery)
Hung (2009) 2 933 74 (7.9) 48.7% (1y) L PRT (Surgery, CT and/or RT)
17.6% (2y)
Hung (2010) 3 933 166 (17.8) 30.2% (1y) D Disease-free interval > 16 mo
15.1% (2y) PRT
Our series (2012) 919 170 (18.5) 73.5% (1y) L/D PRT
51.4% (2y) Female

PRS: postrecurrence survival, L: Local recurrence, D: Distant recurrence, NR: not reported,

PRT: postrecurrence therapy, CT: chemotherapy, RT: radiotherapy
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1. Introduction

ABSTRACT

Background: Maximum standardized uptake value (SUVmax) of 18F-fluorodeoxyglucose positron emis-
sion tomography (FDG-PET) has been found to have prognostic value. We previously reported the
correlation between SUVmax and pathological invasive area, and determined an SUVmax cut-off value
of 2.15 for predicting the recurrence potential of an invasive area of diameter 5mm. Here, we evaluate
the validity of FDG-PET for prediction of recurrence in pathological stage JA lung adenocarcinoma.
Methods: From February 2006 to May 2008, 100 patients with pathological stage A tung adenocarcinoma
underwent complete resection at our hospital. Tumors were classified as air-type or solid-type based on
thin-section computed tomography (TS-CT) findings and the influence of TS-CT classification, SUVmax,
and clinicopathologic features were evaluated in teims of the incidence of recurrence.
Results; Unlike air-type adenocarcinomas, recurrent disease was detected in 8 of 62 solid-type adeno-
carcinomas. SUVmax and diameter of invasive area were significantly correlated with recurrence and a
shorter time to recurrence. All 8 recurrent cases had pathological invasive area >5 mim. All except one case
of recurrence were solid-type adenocarcinomas with SUVmax > 2.15. Three-year disease-free survival
rates were 100% in air-type adenocarcinomas, 97.1% in solid-type adenocarcinomas with SUVmax<2.15,
and 74.1% in solid-type adenocarcinoma with SUVmax > 2.15.
Conclusion: Combined evaluation of TS-CT classification and SUVmax had significant value in predicting
recurrence in stage IA lung adenocarcinoma, reflecting the aggressiveness of primary lung adenocarci-
noma. Prediction of tumor aggressiveness could contribute to decision-making regarding the choice of
surgical procedure and treatment after surgery.

© 2011 Elsevier Ireland Ltd. All rights reserved.

growth pattern, whereas areas of ground-glass opacity {(GGO) rep-
resent components of bronchioloalveolar carcinoma (BAC) [1-4].

The recent increasing use of thin-section computed tomogra-
phy scanning (TS-CT) has facilitated the detection of small-sized
peripheral lung adenocarcinoma. Surgical resection offers a signif-
icant chance of cure for patients with early stage non-small-cell
lung cancer {NSCLC); however, even in cases of stage IA adenocar-
cinoma, some patients experience recurrence within 5 years after
surgery.

Many investigators have reported the relationship between TS-
CT findings and aggressiveness and survival in patients with lung
adenocarcinoma [1]. On TS-CT images, solid areas of a nodule may
reflect collapsed alveoli, foci of fibrosis, or tumors with an invasive
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The authors focused on solid areas seen on TS-CT and reported
that small pulmonary adenocarcinomas could be classified accord-
ing to attenuation on TS-CT images as either ‘air-containing-type’
(air-type) or ‘solid-density-type’ (solid-type) [2,4]. No microscopic
evidence of metastasis has been revealed in air-type adenocarcino-
mas, nor any relapses or deaths after resection. In contrast, patients
with solid-type adenocarcinomas demonstrated a poor prognosis.
Unlike air-type tumors, some solid-type tumors have pathological
invasive areas; however, it is difficult to discriminate these areas
from the solid component based on the TS-CT findings. The size of
the invasive area is related to tumor aggressiveness [1]. Invasive
areas of diameter <5 mm are reported to have a good prognosis;
compared with true BAC type, a small component of invasive tumor
does not adversely affect prognosis [1].

Several recent studies have demonstrated the prognostic value
of '8F-flucrodeoxyglucose positron emission tomography (FDG-
PET) for primary lung cancer [5-8]. We previously reported a
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significant correlation between SUVmax (maximum standardized
uptake value) and the pathological invasive area of primary lung
adenocarcinoma, and determined an SUVmax cut-off value of 2,15
for predicting recurrence potential for an invasive area of diam-
eter 5mm [10]. Based on this cut-off value, sensitivity was 88.3%
and specificity was 84.6% [10]. On the basis of these findings, we
evaluated the validity of cut-off SUVmax on FDG-PET to predict
recurrence in pathological stage IA lung adenocarcinoma.

2. Materials and methods
2.1. Patients

We retrospectively reviewed the TS-CT and PET reports of 100
patients (39 male, 61 female) who had undergone complete surgical
resection of peripheral adenocarcinomas with pathologic TINOMO
(stage [A) at Kanagawa Cancer Center Hospital, Japan, from March
2006 to May 2008. Of these patients, 40 underwent segmentec-
tomy or wedge resection. Preoperative TS-CT and whole-body
FDG-PET were performed on all patients for staging and evalua-
tion of resectability. None of the patients received neo-adjuvant
chemotherapy or radiation therapy.

2.2. TS-CT evaluation

All 100 patients underwent TS-CT scanning within 4 weeks
prior to surgery. TS-CT images were acquired using an Aquillion CT
scanner (Toshiba Medical Systems, Tokyo, Japan). TS-CT images tar-
geted to the tumors were obtained serially at 120 kVp and 200 mAs,
with 1-2 mm section thickness, pitch of 1, 1-2 mm section spacing,
512 x 512 pixel resolution, and 1s scanning time, using a high-
spatial-reconstruction algorithm with a 20-cm field of view. All
scans were imaged using mediastinal window settings (level, 40
Hounsfield units (HU); width, 400 HU) and lung window settings
(level, —~600 HU; width, 1600 HU). The TS-CT findings were evalu-
ated and the maximum diameters of the tumor on mediastinal and
lung window setting images were measured. The ratio of the max-
imum diameter of the tumor on mediastinal windows to that on
lung windows was calculated. Tumors were defined as air-type for
ratio values <50% or as solid-type for ratio values > 50%.

2.3. FDG-PET/CT evaluation

All PET/CT studies were performed within 4 week prior
to surgery using a lutetium oxyorthosilicate-based whole-body
PET/CT scanner (Biograph 16 HI-REZ; Siemens). '8F-FDG (FDG scan
Injectable; Nihon Medi-physics Co. Ltd.) was purchased via a deliv-
ery system. All patients fasted for at least 6 h before intravenous
administration of 130-371 (mean + SD, 251.4 + 63.7) MBq '8F-FDG.
Prior to tracer administration, the blood sugar level was checked.
All measured values were less than 140 mg/dl. Whole-body scan-
ning was performed as an additional scan, from the top of the skull
to the middle of the thigh, 60 min after administration of '8F-FDG,
with 3 min per bed position. CT images were used for anatomic
landmarking. All PET images were reconstructed using iterative
algorithms with CT-based attenuation correction. The data were
reconstructed with a 128 x 128 matrix and 2-mm slice thickness.
SUVmax was evaluated for the maximum value within a region of
interest (ROI) drawn around the pulmonary lesion. Tumors were
classified as having a high or low SUVmax using an SUVmax cut-off
point of 2.15.

2.4. Pathological evaluation

Hematoxylin and eosin, and elastica van Gieson staining
were performed on all sections to evaluate the diameter of

Table 1

Patient and tumor characteristics®.
CT finding Air-type (n=38) Solid-type (n=62) p-Value
Median age (range) (yr) 67(44-77) 68(40-83) 112
Gender {(male/female) 14/24 25(37 729
SuVmax 0.97 £ 0.95 328+3.12 <.001
Low (<2.15) 35(92.1) 35(56.5) <001
High (=2.15) 3(7.9) 27(43.5)
Tumor size {mm) 18.6+54 205457 602
0-20mm 25(65.8) 29(46.8) 217
21-30mm 13(34.2) 33(53.2)
Type of surgical procedure
Lobectomy 9(23.7) 51(82.3) <.001
Sublobar resection 29(76.3) 11(17.7)
Histology
BAC 24(63.2) 13(21.0) <.001
Mucinous BAC 0(0) 3(4.8)
Non-BAC 14(36.8) 46(74.2)
Lymphatic or vascular invasion
Negative 38(100) 46(74.2) <.001
Positive o{0) 16(25.8)
Invasive area size (mm)
<5 - 36(58.1)
>5 - 26(41.9)
Ki-67 index
<25 - 50(80.6)
>25 - 12(19.4)

* Data are presented as median (range) or number (%) of patients.
SUVmax = maximum standard uptake value; BAC =bronchioloalveolar carcinoma.

invasive area, lymphatic and vascular invasion, and pleural involve-
ment. Immunohistochemical evaluations were performed using
the avidin-biotin-peroxidase complex method with 3-pm-thick
sections of formalin-fixed, paraffin-embedded specimens. A mon-
oclonal antibody against the Ki-67 antigen (MIB-1; MBL, Nagoya,
Japan; 1:100 dilution) was used to assess the proportion of pro-
liferating tumor cells. The Ki-67 labeling index was defined as the
ratio of MIB-1-stained tumor cells to all tumor cells counted, mul-
tiplied by 100. To evaluate the Ki-67 labeling index, stained tumor
cells were counted in at least three high-power fields that showed
the highest positivity for each section,

2.5, Statistical analysis

Statistical analysis was performed using SPSS software (Dr. SPSS
I for Windows, Tokyo, Japan, released 2001). Disease-free survival
was calculated and drawn using the Kaplan-Meier method, and
groups were compared using the log-rank statistic. An exact x2 test
was used to analyze the relationship between risk of recurrence
and histopathological findings, SUVmax, tumor size, and type of
surgery. Differences were considered statistically significant when
p<0.05.

3. Results
3.1. Patient characteristics

The characteristics of patients and tumors are listed in Table 1.
Based on the TS-CT findings, there were 38 patients with air-type
adenocarcinomas and 62 patients with solid-type adenocarcino-
mas. The majority of air-type adenocarcinomas (92.1%) showed low
SUVmax (<2.15); for solid-type adenocarcinomas, 35 cases (56.5%)
showed low SUVmax and the remaining 27 cases (43.5%) showed
high SUVmax (>2.15).

Of the air-type adenocarcinomas, 24 (63.2%) were classified as
BAC without stromal destruction and the others were classified as
mixed-type adenocarcinoma. In contrast, of the solid-type adeno-
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Table 2
Correlation of SUVmax and histologic findings in solid-type adenocarcinomas”.

Table 3
Risk factors for recurrence and prognostic predictors in stage IA solid-type
adenocarcinomas®.

Low SUVmax High SUVmax p-Value
(<2.15) (22.15) Recurrence X2 Test Log-rank test
(n=35) (n=27) (no. (%)) p-value p-value
Histology Tumor size (mm)
BAC 12(34.4) 1(3.7) 0-20mm 5(15.2) 573 590
Adenocarcinoma with < 5mm 16(45.7) 4(14.8) 21-30mm 3(10.3)
invasive area SUVmax
Adenocarcinoma with > 5mm 4(11.4) 22(81.5) Low (<2.15) 1(29) .007 008
invasive area High {>2.15) 7(25.9)
mucinousBAC 3(8.6) 0(0) Type of surgery
. . . Lobectomy 8(15.7) .159 173
Lympl]anc or vascular invasion Segmentectomy 0(0)
Negative 33(94.3) 13(48.1) <.001 Histology
Positive 2(5.7) 14(51.9) BAC 0(0) 074 082
Ki-67 index Non-BAC 8(17.4)
<25 34(97.1) 16(59.2) < 001 Lymphatic or vascular invasion
>25 1(2.9) 11(40.8) Negative 1(2.1) <.001 <.001
- Positive 7(43.8)
# Data are presented as number (%) of patients. Invasive are size (mm)
<5 0(0) <001 <.001
. . >5 8(30.8)
carcinomas, 46 (74.2%) were classified as non-BAC. All 3 cases of Ki-67 index
mucinous-BAC appeared as solid type on TS-CT. No patient with air- <25 3(6.0) 001 <.001
type adenocarcinoma had lymphatic or vascular invasion. Among 225 5(41.7)

patients with solid-type adenocarcinoma, 16 (25.8%) had lymphatic
and vascular invasion, 26 (41.9%) had invasive area>5mm, and 12
(19.4%) had Ki-67 index =25%.

3.2. Type of surgical procedure

Of the air-type adenocarcinomas, 9 (23.7%) received lobectomy,
while the other 29 underwent sublobar resection (i.e., segmen-
tectomy or wedge resection) because of their small size. Among
the solid-type adenocarcinomas, 51 (82.3%) underwent lobectomy,
while 11 (17.7%) underwent sublobar resection because of the
advanced age or pulmonary hypofunction of the patient.

3.3. Correlation of SUVmax and pathological invasive area in
solid-type adenocarcinomas

Table 2 shows the results of further analysis of the relation-
ship in solid-type adenocarcinomas between SUVmax cut-off value
of 2.15 and pathological invasive factors, such as the existence
of invasive area >5 mm, lymphatic or vascular invasion, and Ki-
67 index. Among the 35 solid-type adenocarcinomas with low
SUVmax, 12 (34.4%) were diagnosed to be BAC and 16 (45.7%) were
adenocarcinomas with invasive area <5 mm, while 22 (81.5%) of 27
adenocarcinomas with high SUVmax had an invasive area >5mm.
Lymphatic or vascular invasion was observed in 2 (5.7%) of 35 solid-
type adenocarcinomas with low SUVmax, but was observed in 14
(51.9%) of 27 solid-type adenocarcinomas with high SUVmax. Only
one adenocarcinoma with low SUVmax had Ki-67 >25; there was a
lower frequency of high Ki-67 index in adenocarcinomas with low
SUVmax compared with those with high SUVmax.

3.4. Disease-free survival data

None of the air-type adenocarcinomas had recurrent disease.
In contrast, 8 (12.9%) of the 62 solid-type adenocarcinomas had
recurrent disease: 6 had lung metastasis and 2 had bone metastasis.
The median follow-up time to recurrence was 14.6 months (range,
9.1-29.4 months). -

Table 3 shows the association of recurrence and prognostic sig-
nificance for each histopathologic factor and molecular marker,
in relation to time to recurrence, in solid-type adenocarcinomas.
SUVmax, lymphatic and vascular invasion, size of invasive area,
and Ki-67 index were significantly correlated with recurrence and

* Data are presented as number (%) of patients.

a shorter time to recurrence. Among these predictors, SUVmax is
the only preoperative factor, with the others being pathological fac-
tors, Our examination revealed no significant association between
tumor size and recurrence. All cases of recurrence underwent
lobectomy. In agreement with the findings of previous reports,
no relapse was found in solid-type adenocarcinomas with inva-
sive area <5mm; in contrast, relapse was observed in 8 (30.8%)
solid-type adenocarcinomas with invasive area >5mm. Patients
with solid-type adenocarcinomas with invasive area <5mm had a
100% 3-year disease-free survival rate, which was significantly bet-
ter than that for patients with solid-type adenocarcinomas having
invasive area >5 mm (p=.0003) (Fig. 1).

When solid-type adenocarcinomas were stratified according
to SUVmax on preoperative FDG-PET, the disease-free survival
in solid-type adenocarcinomas with high SUVmax was signif-
icantly lower than that in solid-type adenocarcinomas with
low SUVmax (p=.0077); however, no significant difference was
found in Kaplan-Meier curves between air-type adenocarcinomas
and solid-type adenocarcinomas with low SUVmax. Three-year
disease-free survival rates were 100% in air-type adenocarcinomas,
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Fig. 1. Disease-free survival for solid-type adenocarcinoma stratified by the pres-
ence of pathological invasive area.
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Fig. 2. Disease-free survival for patients with air-type adenocarcinomaor solid-type
adenocarcinoma stratified by cut-off value of SUVmax.

97.1% in solid-type adenocarcinomas with low SUVmax, and 74.1%
in solid-type adenocarcinomas with high SUVmax (Fig. 2).

4, Discussion

Numerous studies have reported recurrence rates for patients
with NSCLC treated by surgical resection with curative intent. In
patients with pathological stage | disease, 5-year recurrence rates
of 20-39% are reported [11,12], with most recurrences detected
within the first 4 years following curative intent surgery [12]. The
prediction by preoperative radiological findings of adenocarcinoma
with invasive characteristics could play a crucial role in treatment
decisions.

In the present study, we reported the preoperative TS-CT and
FDG-PET findings to indicate tumor differentiation. A previous
study investigated the prognostic value of the ratio of the GGO com-
ponent in small-sized lung adenocarcinoma of diameter <20 mm,
reporting a 5-year disease-free survival rate of 100% in patients
with air-type tumors on TS-CT who underwent limited resection,
but a rate of 60% in patients with solid-type tumors [13]. This clas-
sification, based on the ratio of GGO component on TS-CT, could
become a useful preoperative indicator when deciding the surgical
procedure. Previous studies regarding classification based on the
findings of TS-CT are reported for small-sized lung adenocarcino-
mas of <20 mm or less in diameter [2,4,13]. In the present study,
we examined peripheral lung adenocarcinomas <30 mm in diam-
eter with median follow-up of 42 months. We found no relapse in
air-type adenocarcinomas <30 mm in diameter, the as same as for
adenocarcinomas <20 mm in diameter. These results suggest that
classification based on the findings of TS-CT could be appropriate
for adenocarcinomas <30 mm in diameter,

Most of the air-type adenocarcinomas in the present study were
BAC. Stromal destruction was revealed in some air-type adenocar-
cinomas, which are conventionally categorized as having mixed
subtypes in the WHO typing, but none showed vascular or lym-
phatic invasion. In contrast, 74.2% of solid-type adenocarcinomas
were non-BAC, 25.8% had vascular or lymphatic invasion, and most
had pathological invasive area. Pathological invasive area is known
to be associated with prognosis. A diameter of invasive area <5 mm
is reported to have a good prognosis; a small component of invasive
tumor does not adversely affect prognosis, in comparison with the
true-BAC type [1]. Of the solid-type adenocarcinomas, 58.1% had
invasive area <5 mm. Despite the appearances of solid-type adeno-
carcinomas on TS-CT, no relapses or deaths after resection occurred

for invasive area <5mm. This finding indicates that prediction
using the diameter of pathological invasive area on solid-type ade-
nocarcinomas could contribute to decisions regarding the choice of
surgical procedure and treatment after surgery.

In a previous work, we studied the correlation between SUVmax
and pathological invasive area, and reported that an SUVmax cut-
off point of 2.15 was the best discriminative value for predicting
invasive area >5 mm in solid-type adenocarcinomas <30 mm {10].
In the present study, preoperative SUVmax predicted pathological
invasive area >5mm with high accuracy for solid-type lung ade-
nocarcinomas. Of the solid-type adenocarcinomas studied, eight
relapsed during the follow-up period of 8.1-29.4 months, and the
3-year disease-free survival was 87%. All eight cases of relapse had
invasive area >5 mm. All except one case of relapse were solid-type
adenocarcinomas with high SUVmax on preoperative FDG-EPT. Sig-
nificant difference was found for disease-free survival between
solid-type adenocarcinomas with high SUVmax and those with low
SUVmax. No statistically significant difference was found regarding
disease-free survival between solid-type adenocarcinomas with
low SUVmax compared with air-type adenocarcinomas. Therefore,
we consider that intentionally limited surgery would be suitable
for candidates with solid-type adenocarcinoma with low SUVmax,
without lowering the disease-free survival rate, SUVmax on pre-
operative FDG-PET would be a valuable preoperative indicator for
predicting the risk of relapse following curative surgery in stage 1A
adenocarcinoma.

Because tumor size is known to have prognostic relevance, a
new T category was added to the seventh edition of the Tumor,
Node, and Metastasis Classification, to include the subclassifi-
cations T1a (<20mm) and T1b (>20mm, <30mm). The 5-year
postoperative survival rate decreased significantly as tumor size
increased [14]. In the present study, no significant difference was
found regarding disease-free survival between T1a and T1b ade-
nocarcinomas. Several limitations may have influenced the finding
of no significant difference in disease-free survival; (1) the sampie
size is small; (2) the follow-up period could be insufficient.

The monoclonal antibody Ki-67 detects a nuclear antigen that is
present through the cell cycle. Tumor Ki-67 expression is known
to be a molecular marker of tumor proliferation, and its over-
expression leads to a poorer prognosis in non-small lung cancer
[15]. As previously reported, Ki-67 index >25% is a prognostic
indicator for solid-type adenocarcinomas. In the present study,
however, three of the eight cases of relapse had Ki-67 index <25%,
which indicates that Ki-67 index does not have a definite prognostic
value regarding relapse after resection.

It is important to consider the possibility of false-negative FDG-
PET. Despite showing low SUVmax, one patient with solid-type
adenocarcinoma had distal relapse to the spine 9.3 months after
surgery; the Ki-67 index was 3.8%, which is much lower than the
Ki-67 cut-off point of 25%. False-negative PET scan occurs most
commonly in small-size tumors because of the partial volume effect
[16]. Because SUVmax is affected by Ki-67 expression [17] as well
as invasive area, an adenocarcinoma with low Ki-67 index could
show low SUVmax, even if the adenocarcinoma had invasive area
>5mm.

The present results suggest that evaluation of SUVmax on FDG-
PET in addition to classification by TS-CT findings could predict a
poorer prognosis in some patients with solid-type adenocarcinoma.
In cases of stage 1A lung cancer, the nodule should first be classified
as air-type or solid-type according to the TS-CT findings. Solid-
type nodules should then be evaluated for tumor aggressiveness
by SUVmax on FDG-PET. Patients with IA solid-type adenocarcino-
mas with high SUVmax would have a high potential for relapse and
would therefore benefit from adjuvant therapy. In contrast, limited
surgery may be suitable for patients with solid-type adenocarci-
noma with low SUVmax. In the present study, however, most of
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the patients with solid-type tumors underwent lobectomy and all
of the cases of relapse underwent lobectomy. Therefore, we did
not demonstrate the validity of limited surgery for these patients.
Further prospective studies are required concerning intentionally
limited surgery for patients with small-sized solid-type adenocar-
cinomas showing low SUVmax.

5. Conclusion

Combined evaluation of the preoperative TS-CT findings and
SUVmax on FDG-PET has significant value for predicting recurrence
in stage 1A lung adenocarcinoma, reflecting the aggressiveness of
primary lung adenocarcinoma. Prediction of tumor aggressiveness
could contribute to decisions regarding the choice of surgical pro-
cedure and post-resection treatment.
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Prediction of pathologic node-negative clinical stage IA lung
adenocarcinoma for optimal candidates undergoing
sublobar resection

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?

Objective: Patients with pathologic node-negative early lung cancer may be optimal candidates for sublobar
resection. We aimed to identify predictors of pathologic lymph node involvement in clinical stage IA lung ad-
enocarcinoma.

Methods: The data from a multicenter database of 502 patients with completely resected clinical stage IA lung
adenocarcinoma were retrospectively analyzed to determine the relationship between the lymph node metastasis
status and tumor size on high-resolution computed tomography (HRCT) or maximum standardized uptake value
(SUVmax) on [18F]-fluoro-2-deoxy-p-glucose positron emission tomography/computed tomography (FDG-
PET/CT). Revised SUVmax was used to correct interinstitutional discrepancies.

Results: In multivariate analyses, either a solid tumor size on HRCT (P = .001) or an SUVmax on FDG-PET/CT
(P = .049) was an independent predictor of lymph node metastasis. The predictive criteria of pathologic node-
negative early lung cancer were a solid tumor size of less than 0.8 cm or an SUVmax of less than 1.5. Patients
who met the predictive criteria of pathologic node-negative disease had less pathologic invasiveness, such as
lymphatic, vascular, or pleural invasion (P < .001), and better disease-free survival (P < .0001) than those
who did not, and 86 (40.4%) of the 213 patients with T1b (2-3 cm) tumors met the predictive criteria.

Conclusions: Either a solid tumor size or an SUVmax was a significant independent predictor of nodal involve-
ment in clinical stage IA lung adenocarcinoma. The pathologic node-negative status criteria of a solid tumor size
of less than 0.8 cm on HRCT or an SUVmax of less thanl.5 on FDG-PET/CT may be helpful for avoiding
systematic lymphadenectomy for clinical stage IA lung adenocarcinoma, even in cases of T1b (2-3 cm) tumor.
(J Thorac Cardiovasc Surg 2012;144:1365-71)

reported that the survival is similar in patients with small
peripheral NSCLC between those treated with
segmentectomy and those treated with lobectomy."*® In
determining the indications for sublobar resection,
prediction of the pathologic node-negative (pNO) status is
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Recent advances in radiography, such as high-resolution
computed tomography (HRCT) and the widespread practice
of low-dose helical computed tomography (CT) for screen-
ing of tumors, have resulted in an increase in the early
detection of smaller non—small cell lung cancer (NSCLC),
especially adenocarcinoma.'” Several studies have
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important.*® We® previously reported that solid tumor
size on HRCT and maximum standardized uptake value
(SUVmax) on [18F]-fluoro-2-deoxy-p-glucose positron
emission tomography/computed tomography (FDG-PET/
CT) were useful for predicting pathologic invasiveness or
prognosis in clinical stage IA lung adenocarcinoma. We hy-
pothesized that solid tumor size on HRCT and SUVmax on
FDG-PET/CT had a predictive value for lymph node metas-
tasis. Therefore, we retrospectively investigated the preop-
erative predictive value of solid tumor size and SUVmax for
pNO status to select optimal candidates for sublobar resec-
tion in clinical stage IA lung adenocarcinoma. The primary
end point of this study was lymph node involvement.

PATIENTS AND METHODS

Patients
We enrolled 502 patients with clinical T1 NO MO stage IA lung adeno-
carcinoma from 4 institutions in Japan (Hiroshima University, Kanagawa
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Abbreviations and Acronyms

CT = computed tomography

DFS = disease-free survival

FDG = [18F]-fluoro-2-deoxy-p-glucose

GGO = ground-glass opacity

HRCT = high-resolution computed tomography

NSCLC = non-small cell lung cancer
PET = positron emission tomography
SUVmax = maximum standardized uptake value

Cancer Center, Cancer Institute Hospital, and Hyogo Cancer Center) be-
tween August 1, 2005, and December 31, 2009, to evaluate the significance
of FDG-PET/CT.'° The data from ail 502 patients from this multicenter da-
tabase were retrospectively analyzed in the present study. HRCT and FDG-
PET/CT followed by curative RO resection were performed for all patients
who were staged according to the TNM Classification of Malignant Tu-
mours, 7th edition.'! Mediastinoscopy or endobronchial ultrasonography
was not routinely performed because all patients received preoperative
HRCT and FDG-PET/CT; HRCT revealed no swelling of mediastinal or hi-
lar lymph nodes and FDG-PET showed no accumulation in those lymph
nodes. Sublobar resection was allowed in cases of complete removal of
the disease using a procedure for a peripheral Tla NO MO tumor. Wedge
resection without lymph node assessment was allowed for a pure
ground-glass opacity (GGO) tumor, which was regarded as a node-
negative noninvasive tumor in a prospective study.'” Segmentectomy
with hilar and mediastinal lymph node dissection was allowed for
a GGO-mixed tumor. If lymph node involvement was evident by intraoper-
ative frozen section of any lymph node, the procedure was converted to
standard lobectomy. All of the other patients underwent standard lobec-
tomy. The inclusion criteria included preoperative staging determined by
HRCT and FDG-PET/CT, curative surgery without neoadjuvant chemo-
therapy or radiotherapy, and a definitive histopathologic diagnosis of
lung adenocarcinoma. Patients with incompletely resected tumors (R1 or
R?2) and those with multiple tumors or previous lung surgery were excluded
from the database. This multicenter study was approved by the institutional
review boards of the participating institutions, all of which waived the re-
quirement for informed consent from individual patients for this retrospec-
tive review of the prospective database.

Table 1 summarizes the characteristics of the 502 patients enrolled in
this study. The mean follow-up period after surgery was 19.8 £+ 12.2
months, during which disease recurred in 29 (5.8%) patients. There were
9 (1.8%) local recurrences, including mediastinal lymph node metastasis,
3 (0.6%) local and distant recurrences, and 17 (3.4%) distant recurrences.
The median whole tumor and solid tumor sizes on HRCT were 2.0 cm and
1.2 cm, respectively. The median SUVmax was 2.0. Lymphatic, vascular,
and pleural invasion was evident in 76 (15.1%), 92 (18.3%), and 56
(11.2%) patients, respectively, and lymph nodes were involved in 38
(7.8%).

High-Resolution Computed Tomography

Sixteen-row multidetector CT was used to obtain chest images indepen-
dent of subsequent FDG-PET/CT examinations. For high-resolution im-
ages of the tumors, the following parameters were used: 120 kVp, 200
mA, 1 to 2-mm section thickness, 512 X 512-pixel resolution, 0.5 to 1.0-
second scanning time, a high-spatial reconstruction algorithm with
a 20-cm field of view, and mediastinal (level, 40 HU; width, 400 HU)
and lung (level,—600 HU; width, 1600 HU) window settings. GGO was de-
fined as a misty increase in lung attenuation that did not obscure underlying
vascular markings. We defined solid tumor size as the maximum dimension
of the solid component of the lung windows, excluding GGO.!! CT scans

were reviewed and tumor sizes determined by radiologists from each insti-
tution for the purpose of this study.

FDG-PET/CT

Patients were instructed to fast for more than 4 hours before intravenous
injection of 74 to 370 MBq FDG and then to relax for at least 1 hour before
FDG-PET/CT scanning. Blood glucose levels were calculated before the
tracer injection to confirm a level of less than150 mg/dL."? Patients with
blood glucose levels of 150 mg/dL or more were excluded from PET/CT
acquisition. For imaging, Discovery ST (GE Healthcare, Little Chalfont,
United Kingdom), Aquiduo (Toshiba Medical Systems Corporation, To-
chigi, Japan), or Biograph Sensation16 (Siemens Healthcare, Erlangen,
Germany) integrated 3-dimensional PET/CT scanners were used. Low-
dose nonenhanced CT images of 2 to 4-mm section thickness for attenua-
tion correction and localization of lesions identified by PET were obtained
from the head to the pelvic floor of each patient by following a standard
protocol. Immediately after CT, PET covered the identical axial field of
view for 2 to 4 minutes per table position, depending on the condition of
the patient and the scanner performance. An iterative algorithm with CT-
derived attenuation correction was used to reconstruct all PET images
with a 50-cm field of view. An anthropomorphic body phantom (NEMA
NU2-2001; Data Spectrum Corp, Hillsborough, NC) was used to minimize
variations in SUVs among the institutions. A calibration factor was ana-
lyzed by dividing the actual SUV by the gauged mean SUV in the phantom
background to decrease interinstitutional SUV inconsistencies; the final
SUV used here is referred to as the revised SUVmax.'*'* The
adjustment of interinstitutional variations in SUV narrowed the range
from 0.89 to 1.24 to 0.97 to 1.18 when the SUVmax ratio was expressed
as the SUVmax of each institute relative to the SUVmax of the control
institute. The original SUVmax values were determined by radiologists
from each institution for the purpose of this study.

Follow-up Evaluation

All patients who underwent lung resection were followed up from the
day of surgery. Postoperative follow-up procedures, including a physical
examination and chest radiograph every 3 months and chest and abdominal
CT examinations every 6 months, were performed for the first 2 years. Af-
terward, a physical examination and chest radiograph were performed ev-
ery 6 months, and a chest CT examination was performed every year.

Statistical Analysis

Data are presented as numbers (percents) or the median unless other-
wise stated. Multiple logistic regression analyses were performed to deter-
mine the independent continuous variables related to whole tumor size,
solid tumor size, SUVmax, and carcinoembryonic antigen for prediction
of pathologic lymph node metastasis. In addition, receiver operating char-
acteristic curves of solid tumor size and SUVmax were used for determin-
ing the criteria of pNO. The ¥ test for categorical variables was used to
compare frequencies and Fisher’s exact test was applied to small samples.
Disease-free survival (DFS) was defined as the time from the date of sur-
gery until the first event (relapse or death from any cause) or last follow-
up. The Kaplan-Meier method was used to analyze the duration of DFS,
and the log-rank test was used to assess differences in DFS. SPSS software
(version 10.5; SPSS Inc, Chicago, I11) was used to statistically analyze the
data.

RESULTS

Possible predictors of lymph node metastasis were inves-
tigated (Table 2). Multivariate analysis showed that solid tu-
mor size or SUVmax, but not whole tumor size and
carcinoembryonic antigen, were independent predictors of
Iymph node metastasis.
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TABLE 1. Patient characteristics

Variable n =502

Age (y, range) 66 (31-86)
Gender

Male 223 (44.4%)

Female 279 (55.6%)
Whole tumor size (cm, range) 2.0 (0.6-3.0)
Solid tumor size (cm, range) 1.2 (0-3.0)
SUVmax (range) 2.0 (0-27.7)
CEA (ng/mL, range) 2.4 (0-113.8)
Procedure

Lobar resection 320 (63.7%)

Sublobar resection (wedge + segmentectomy) 182 (36.3%)
Lymphatic invasion

Negative 426 (84.9%)

Positive 76 (15.1%)

Vascular invasion

Negative 410 (81.7%)

Positive 92 (18.3%)
Pleural invasion

Negative 446 (88.8%)

Positive 56 (11.2%)
Lymph node metastasis

Negative 464 (92.4%)

Positive 38 (7.6%)

SUVmax, Maximum standardized uptake value; CEA, carcinoembryonic antigen.

Figure 1 shows the receiver operating characteristic area
under the curve values for solid tumor size and SUVmax
used in determining the criteria of pNO. When using solid
tumor size and SUVmax for predicting pNO, patients with
a solid tumor size of less than 0.8 cm or an SUVmax of
less than 1.5 were observed to have no lymph node metas-
tasis. We defined the predictive criteria of pNO as a solid tu-
mor size of less than 0.8 cm or an SUVmax of less than 1.5.

Table 3 shows the number of patients who met the criteria
of pNO as indicated by solid tumor size, SUVmax, and
a combination of the two. Using this combination, the num-
ber of patients expected to have pNO was 169 (58.5%) of
289 for clinical T1a (<2 cm) and 86 (40.4%) of 213 for clin-
ical T1b (2-3 cm) tumors. Figure 2 shows examples of tu-
mors larger than 2 cm that met the predictive criteria of pNO.

TABLE 2. Multivariate analysis of possible predictors of lymph nede
metastasis

Valuables OR (95% CI) P

Model 1

‘Whole tumor size (cm) 1.42 (0.76-2.66) 28

SUVmax 1.09 (1.00-1.29) .049

CEA (ng/mL) 1.04 (0.99-1.08) .097
Model 2

Solid tumor size (cm) 2.44 (1.49-4.00) <.001

SUVmax 1.04 (0.93-1.16) 47

CEA (ng/mL) 1.03 (0.99-1.07) 14

OR, Odds ratio; CI, confidence interval; SUVmax, maximum standardized uptake
value; CEA, carcinoembryonic antigen.
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FIGURE 1. Receiver operating characteristic area under the curve (AUC)
for detecting lymph node metastasis for solid tumor size (A) and maximum
standardized uptake value (SUVmax) (B). Solid tumor size: AUC, 0.761
(95% confidence interval [CI], 0.703-0.819; P <.001). SUVmax: AUC,
0.761 (95% C1, 0.708-0.814; P <.001).

A significant difference in DFS for all T1 tumors was
identified between patients with a solid tumor size of less
than 0.8 cm or an SUVmax of less than 1.5 (n = 255;
3-year DFS rate, 100%) and those with a solid tumor size
of 0.8 cm or more and an SUVmax of 1.5 or more
(n = 247; 3-year DFS rate, 81.8%; P <.001) (Figure 3,
A). Even when cases were categorized into cTla and
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TABLE 3. Number of patients without nodal metastasis according to
solid tumor size, SUVmax, and a combination of the two

cT1 cTla cT1b
(n = 502) (n = 289) (n = 213)
Solid tumor size < 0.8 cm 187 (37.3%) 131 (45.3%) 56 (26.3%)

SUVmax < 1.5 206 (41.0%) 138 (47.8%) 68 (31.9%)
Solid tumor size < 0.8 cm 255 (50.8%) 169 (58.5%) 86 (40.4%)
or SUVmax < 1.5

SUVmax, Maximum standardized uptake value.

cT1b, significant differences in DFS were observed be-
tween patients with a solid tumor size of less than 0.8 cm
or an SUVmax of less than 1.5 and the remainder
(Figure 3, B and C). Moreover, a significant difference in
DEFS was observed between patients with T1a tumor with
a solid tumor size of 0.8 cm or more and an SUVmax of
1.5 or more and those with T1b tumor with a solid tumor
size of less than 0.8 cm or an SUVmax of less than 1.5
(P = .0015; Figure 3, D).

Significant differences in pathologic invasiveness (lym-
phatic, vascular, or pleural invasion) were identified be-
tween patients with a solid tumor size of less than 0.8 cm
or an SUVmax of less than 1.5 and those with a solid tumor
size of 0.8 cm or more and an SUVmax of 1.5 or more
(Table 4); a few patients who met the predictive criteria of

Whole tumor size = 2.8 cm SUVmax = 1.8
A Solid tumor size = 0.7 cm

Whole tumor size = 2.4 cm SUVmax = 0.9

B Solid tumor size = 1.5 cm

FIGURE 2. Examples of tumors larger than 2 cm that met the predictive
criteria of pathologic node negative. A, Whole tumor size, 2.8 cm; solid tu-
mor size, 0.7 cm; maximum standardized uptake value (SUVmax), 1.8. This
tumor can be treated with sublobar resection, such as right apical segmen-
tectomy. B, Whole tumor size, 2.6 cm; solid tumor size, 1.7 cm; SUVmax,
0.9. This tumor can be treated with sublobar resection, such as left apico-
posterior segmentectomy.

pNO had pathologic invasiveness (9/255, 3.5%). Even in
the cases categorized as cTla or c¢T1b, significant differ-
ences in pathologic invasiveness were observed between
the patients with a solid tumor size of less than 0.8 cm or
an SUVmax of less than 1.5 and those with a solid tumor
size of 0.8 cm or more and an SUVmax of 1.5 or more
(Table 4).

DISCUSSION

In 1995, the Lung Cancer Study Group conducted a pro-
spective randomized controlled trial comparing limited re-
section with lobectomy for clinical T1 NO MO NSCLC
and concluded that the former resulted in inferior local re-
currence and survival.'> On the other hand, several Teports
have described how survival was similar between patients
treated with segmentectomy and those treated with lobec-
tomy."*® Determining the indications for sublobar
resection requires that intraoperative frozen sections be
examined for all hilar and lobe-specific mediastinal lymph
nodes to confirm the intraoperative N staging as NO."*”
However, intraoperative examination of many lymph
nodes is difficult for thoracic surgeons and pathologists in
the clinical setting. If pNO can be predicted from
preoperative information, sublobar resection without strict
intraoperative lymph node assessment can be performed
in patients with clinical stage IA NSCLC.

The present study demonstrated the value of using solid
tumor size with HRCT and SUVmax on PET/CT to predict
the status of nodal involvement in clinical stage IA lung ad-
enocarcinoma. We® reported the usefulness of solid tumor
size defined as the maximum dimension of the solid compo-
nent, excluding GGO, on HRCT compared with that of
whole tumor size for predicting pathologic invasiveness of
tumors or prognosis in clinical stage IA lung adenocarci-
noma. In that study, solid tumor size showed a higher pre-
dictive value for pathologic invasiveness than did whole
tumor size, and it was an independent prognostic factor
for DFS. We™!®!41617 4150 reported the usefulness of
SUVmax to predict the malignancy grade of tumors with
regard to pathologic invasiveness in lung adenocarcinoma.
Solid tumor size and SUVmax were useful in predicting
both pathologic nodal status and pathologic tumor
invasiveness in the current study. Moreover, we found that
patients with a solid tumor size of less than 0.8 cm or an
SUVmax of less than 1.5 had pNO. There were significant
differences in DFS between patients who met the
predictive criteria of pNO and those who did not.
Furthermore, the incidence of pathologic invasiveness in
patients who met the predictive criteria of pNO was very
low. These findings indicate that the predictive criteria of
pNO were reasonable for choosing a treatment strategy in
clinical stage IA lung adenocarcinoma. )

Interestingly, 40.4% of tumors larger than 2 cm and
58.5% of those 2 cm or smaller met the predictive criteria
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FIGURE 3. Disease-free survival (DFS) curves of patients according to the predictive criteria of pathologic node negative using solid tumor size and max-
imum standardized uptake value (SUVinax). A, Three-year DFS rates of 100% and 81.8% for patients with a solid tumor size of less than 0.8 cm or an SUV-
max of less than 1.5 and those with a solid tumor size of 0.8 cm or more and an SUVmax of 1.5, respectively (P <.0001) in all T1 tumors. B, Three-year DFS
rate of 100% and 84.2% for patients with a solid tumor size of less than 0.8 cm or an SUVmax of less than 1.5 and those with a solid tumor size of 0.8 cm or
more and an SUVmax of 1.5 or more, respectively (P <.0001) in T1a (<2.0 cm) tumors. C, Three-year DFS rate of 100% and 80.1% for patients with a solid
tumor size of less than 0.8 cm or an SUVmax of less than 1.5 and those with a solid tumor size of 0.8 cm or more and an SUVmax of 1.5 or more, respectively
(P =.003) in T1b (2-3 cm) tumors. D, Three-year DFS rate of 100% and 84.2% for patients with a solid tumor size of less than 0.8 cm or an SUVmax of less
than 1.5 in T1b tumors and those with a solid tumor size of 0.8 cm or more and an SUVmax of 1.5 or more in T1a tumors, respectively (P = .0015).

of pNO. Most previous studies that showed favorable results
for segmentectomy set its indication at T1 NO M0 NSCLC
of 2 cm or less."* The ongoing clinical trials comparing
surgical results between lobectomy and sublobar resection
conducted by the Cancer and Leukemia Group B
(CALGB 140503) and by the Japan Clinical Oncology
Group/West  Japan Oncology Group (JCOGO0802/
WIOG4607L) also set a T1 NO MO NSCLC criterion of 2
cm or smaller for the study subjects.’® However,

The Journal of Thoracic and Cardiovascular Surgery ¢ Volume 144, Number 6

approximately 40% of patients with T1 NO MO lung adeno-
carcinoma of more than 2 cm might be candidates for sub-
lobar resection according to the present study because such
patients can be predicted as pNO preoperatively. In fact, no
recurrence was seen in patients with T1b tumor who met the
predictive criteria, regardless of the surgical procedure. Fur-
thermore, the frequency of pathologic invasiveness of T1b
tumors that met the criteria of pNO was very low. However,
adequate surgical margins are required when performing
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TABLE 4. Comparison of pathologic invasiveness of tumors and lymph node involvement between patients who met the criteria of pathologic node

negative and those who did not

All tumors Solid tumor size < 0.8 ¢m or Solid tumor size > 0.8 cm

(n = 502) SUVmax < 1.5 (n = 255) and SUVmax > 1.5 (n = 247) P
LY 4 (1.6%) 73 (29.6%) <.001
v 4 (1.6%) 89 (36.0%) <.001
PL 3(1.2%) 55 (22.3%) <.001
LY or Vor PL 9 (3.5%) 131 (53.0%) <.001
N 0 (0%) 38 (15.4%) <.001
T1a tumors Solid tumor size < 0.8 cm or Solid tumor size > 0.8 cm

(n = 289) SUVmax < 1.5 (n = 169) and SUVmax > 1.5 (n = 120) P
LY 3(1.8%) 34 (28.3%) <.001
A% 4 (2.4%) 33 (27.5%) <.001
PL 2 (1.2%) 24 (20.0%) <.001
LYor Vor PL 74.1%) 59 (49.2%) <.001
N 0 (0%) 16 (13.3%) <.001
T1b tumors Solid tumor size < 0.8 cm or Solid tumor size > 0.8 cm

(m =213) SUVmax < 1.5 (n = 86) and SUVmax > 1.5 (n =127) P
LY 1(1.2%) 39 (30.7%) <.001
\Y% 0 (0%) 56 (44.1%) <.001
PL 1(1.2%) 31 (24.4%) <.001
LY or Vor PL 2(2.3%) 72 (56.7%) <.001
N 0 (0%) 22 (17.3%) <.001

SUVmax, Maximum standardized uptake value; LY, lymphatic invasion; V, vascular invasion; PL, pleural invasion.

sublobar resection in such patients. To achieve complete re-
section with adequate surgical margins, we recommend seg-
mentectomy, not wedge resection, for T1b tumors that meet
the criteria of pNO. To provide an adequate surgical margin
for T1b tumors by wedge resection is difficult. Local recur-
rence must be avoided. When performing lobar resection
for tumors that meet the predictive criteria of pNO, system-
atic lymph node dissection such as mediastinal lymph node
dissection is not always needed. On the other hand, when
performing sublobar resection in patients with tumors of 2
cm or less, wedge resection and segmentectomy with ample
surgical margins can be permitted. The extent of resection
can be determined according to the tumor size and location.
Lobe-specific lymph node dissection or sampling can be al-
lowed for tumors that meet the criteria of pNO. Systematic
lymph node dissection is not always needed for these tu-
mors. The use of solid tumor size and SUVmax allows
many more patients to be identified, who may benefit
from the maintenance of lung function that results from se-
lecting sublobar resection rather than can be identified sim-
ply on the basis of peripheral small nodules of 2 cm or less.
The proportion of patients with lung adenocarcinoma of 2
cm or less who did not meet the predictive criteria of pNO
was approximately 40%. There are some risks of lymph
node metastasis in small lung adenocarcinoma that do not
meet the predictive criteria of pNO. When sublobar resec-
tion is performed in such cases, intraoperative lymph
node assessment, such as examination of frozen sections,

is mandatory, and wedge resection cannot be recommended
because such a procedure does not allow an approach to the
hilar lymph nodes for assessment. If lymph node metastasis
is intraoperatively shown, sublobar resection should be con-
verted to standard lobectomy with systematic lymph node
dissection.

One of the limitations of this multicenter study using PET
is the wide variation in SUV among institutions. Many fac-
tors such as preparation procedures, scan acquisition, image
reconstruction, and data analysis can affect SUV. In this
study, we used an anthropomorphic body phantom to min-
imize interinstitutional variability in SUV. When perform-
ing subgroup analyses of DFS from each institution, DFS
of patients with a solid tumor size of less than 0.8 cm or
an SUVmax of less than 1.5 was significantly better than
that of patients with a solid tumor size of 0.8 cm or more
and an SUVmax of 1.5 or more (data not shown). Moreover,
when using the original SUVmax values, multivariate logis-
tic regression analysis showed that SUVmax was an inde-
pendent predictor of lymph node metastasis, and DFS of
patients with a solid tumor size of less than 0.8 cm or an
SUVmax of less than 1.5 was significantly better than that
of those with a solid tumor size of 0.8 cm or more and an
SUVmax of 1.5 or more (data not shown). These findings
are important to other institutions that may use our criteria
of pNO.

This study had several limitations. Because the follow-up
period was short, long-term follow-up is needed to confirm
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the results of DFS. In addition, it is sometimes difficult to
measure solid tumor size, especially with a large GGO com-
ponent. Because this was a retrospective study, a validation
cohort study is required to confirm our pNO predictive cri-
teria of solid tumor size on HRCT and SUVmax on FDG-
PET/CT.

CONCLUSIONS

Preoperative solid tumor size on HRCT and SUVmax on
FDG-PET/CT are useful for prediction of pNO in clinical
stage 1A lung adenocarcinoma. The pNO predictive criteria
of solid tumor size less than 0.8 cm or SUVmax less than 1.5
may be helpful for avoiding systematic lymphadenectomy
in patients with clinical stage IA Iung adenocarcinoma.
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