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Abstract

Objectives The indication of limited resection for radiographically pure-solid, small-sized lung adenocarcinoma is con-
troversial. This study aimed to reveal the long-term outcome of standard surgical treatment and determine the predictive
factors for pathological lymph node metastasis in optimal candidates undergoing limited surgical resection for pure-solid,
small-sized lung adenocarcinoma.

Methods The medical records of 107 consecutive patients were retrospectively reviewed at our hospital between December
2002 and December 2013. Inclusion criteria were histopathological diagnosis of lung adenocarcinoma, radiographically
pure-solid tumor, <2 cm tumor size measured using thin-section computed tomography, clinical NOMO, patients who under-
went lobectomy with systematic or lobe-specific lymph node dissection, and RO resection. Overall and disease-free survival
curves were calculated using the Kaplan—-Meier method. Clinicopathological factors predicting pathological node-positive
metastasis were identified by univariate and multivariate analysis.

Results The 5-year overall and disease-free survival rates were 91.4% and 87.3%, respectively. Multivariate analysis demon-
strated maximum standardized uptake value > 5 as the independent predictor of pathological node-positive metastasis (odds
ratio 3.81; 95% confidence interval 1.25-12.3; p=0.02). In all patients, the pathological node-positive rate was 16.7%; in
patients who had a maximum standardized uptake value of <5, the rate was 7.9%.

Conclusion The long-term outcome of standard surgical treatment was favorable. Maximum standardized uptake value was
a significant predictor of pathological node-positive metastasis; however, diagnostic accuracy was not favorable. Therefore,
the selection of optimal candidates is difficult, and limited surgical resection may not be applicable in pure-solid, small-sized
lung adenocarcinoma.

Keywords Pure-solid tumor, small-sized lung adenocarcinoma - Positron emission tomography - Maximum standardized
uptake value - Limited resection

Introduction patient survival [1]. Limited surgical resection for small-

sized lung cancer has gradually increased. In Japan, during

The introduction of computed tomography (CT) for lung
cancer screening has enabled the detection of small lung
nodules and early-stage lung cancer, thereby, improving
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2015, limited surgical resection accounted for approximately
24.7% of all primary lung cancer resections, according to
a study by The Japanese Association for Thoracic Surgery
[2]. In 2017, the eighth edition of the tumor node metastasis
(TNM) classification of lung cancer was revised by the Inter-
national Association for the Study of Lung Cancer (IASLC).
According to the eighth edition of the TNM classification,
the size of the solid component of the tumor should be used
to assign a clinical T category [3]. Radiographically pure
ground-glass opacity or part-solid lung cancer is known to
have good prognosis and pathological minimal invasiveness
[4-6]. Thus, radiographically small-sized pure ground-glass
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opacity or part-solid tumors are considered to be good indi-
cators for limited surgical resection; recently, several authors
have reported favorable treatment outcomes resection [7-9].
However, radiographically pure-solid lung cancers are con-
sidered to be highly malignant in nature, and postoperative
nodal involvement is observed in approximately 16-26% of
cases even in cases of radiographically small-sized (<2 cm)
lung cancer [10—12]. Therefore, the indications of limited
surgical resection for small-sized solid lung cancer remain
controversial. Recent studies on segmentectomy for small-
sized peripheral lung cancer reported that segmentectomy
with lymph node exploration should be considered as an
acceptable alternative to surgical treatment; however, patient
selection should be strict and intraoperative pathological
lymph node examination is needed to confirm pNO disease
[13-15]. Prediction of the pathologic node negative (pN—)
status is essential in determining the indication for limited
surgical resection.

This study aimed to reveal the long-term outcomes of
standard surgical treatment as well as determine the pre-
dictive factors for pathological node-positive (pN+) can-
cers and optimal candidates undergoing limited surgical
resection for radiographically pure-solid, small-sized lung
adenocarcinoma.

Patients and methods

This study protocol was approved by the local Institutional
Review Board and Ethics committee at our hospital. The
medical records of 1883 consecutive patients with non-
small-cell lung carcinoma (NSCLC) who underwent surgi-
cal resection at our hospital between December 2002 and
December 2013 were retrospectively reviewed. Inclusion
criteria for our study were (1) histopathological diagnosis of
lung adenocarcinoma, (2) radiographically pure-solid tumor
measuring <2 cm in size on thin-section CT, (3) cNOMO,
(4) patients who underwent lobectomy with systematic or
lobe-specific lymph node dissection, and (5) patients who
underwent curative RO resection. Exclusion criteria were
synchronous or metachronous multiple lung cancers and
patients who underwent any treatment before surgery. We
identified 107 patients who met the inclusion and exclusion
criteria.

High-resolution, thin-section CT (HRCT) and
F-18-fluorodeoxyglucose-positron emission tomography
(FDG-PET)/CT together with evaluation of the maximum
standardized uptake value (SUV,,,,) were performed for all
patients. Clinical lymph node positivity on CT and PET-
CT was defined as at least 1 lymph node with a short axis
measuring more than 1 cm and/or focally increasing FDG
uptake higher than the normal background activity. Radiolo-
gists, thoracic surgeons, and respiratory physicians evaluated
radiological findings and discussed lymph node positivity.

If needed, pathological diagnosis was performed by EBUS-
TBNA (Endobronchial ultrasound transbronchial needle
aspiration) or mediastinoscopy. The SUV . was calculated
for the primary tumor only.

The clinical and pathological stage was determined
according to the eighth edition of the TNM classification.
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Statistical analysis

The following data were recorded for each patient: age,
sex, smoking history (never- or ever-smokers), serum car-
cinoembryonic antigen (CEA) level (normal, <5 ng/mL or
increased, > 5 ng/mL), solid tumor size (mm), and SUV ..

Overall survival (OS) was defined as the time between
surgery and death from any cause or last follow-up. Dis-
ease-free survival (DFS) was defined as the time between
surgery and relapse or death from any cause or last follow-
up. OS and DFS curves were calculated according to the
Kaplan—Meier method. To reveal the characteristics of pure-
solid, small-sized lung carcinoma, OS and DFS were com-
pared with radiographically part-solid small adenocarcinoma
(tumor size was <2 cm). All patients with radiographically
part-solid small adenocarcinoma also underwent lobectomy
with systematic or lobe-specific lymph node dissection.
The association between variables was analyzed using the
4 test and Fisher’s exact test for categorical variables and
Student’s 7 test for continuous categorical variables. Receiver
operating characteristic (ROC) curve of SUV_ . for predict-
ing pathological lymph node metastasis was generated to
determine cut-off values that yielded optimal sensitivity and
specificity. Multiple logistic regression analyses were per-
formed to determine the independent variables for pathologi-
cal lymph node metastasis prediction. A p value of<0.05
was considered statistically significant. All statistical cal-
culations were performed using JMP for Windows (version
9.0; SAS Inc., Cary, NC, USA).

Results

Among 1883 patients with NSCLC who underwent surgi-
cal resection at our hospital between December 2002 and
December 2013, 107 patients met the inclusion and exclu-
sion criteria.

Median follow-up time was 72 months (range
50-153 months). The 5-year OS was 91.4% in pure-solid
tumors and 95.9% in part-solid tumors (p=0.26), and the
5-year DFS was 87.3% in pure-solid tumors and 94.5% in
part-solid tumors (p <0.01) (Fig. 1a, b). The clinicopatho-
logical characteristics of the patients with pure-solid, small-
sized adenocarcinoma and part-solid small-sized adenocar-
cinoma are summarized in the Supplementary table.
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a Table 1 Comparison of patient characteristics between pathological
1.0 - R ,_IM_WH Part solid node-negative and node-positive patients
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s o Age 63.6+94  60.1+10.6 0.16
g Sex 0.13
] 0.5
§ 0.4] [ 5year 08 rate Male 47 (52.8) 13 (72.2)
< 0.3 Pure solid 91.4% Female 42 (472) 5 (278)
0.2 Partsolid 95.9%  p=0.26 Smoking status 0.30
0.14 Never-smokers 31(34.8) 4(22.2)
0.0 . : . , . Ever-smokers 58 (65.2) 14 (77.8)
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) CEA (ng/mL) 0.17
Time (month)
Patients at risk <5 76 (85.3) 13 (72.2)
Puresolid 107 107 103 98 88 72 52 >5 13 (14.6) 527.7)
Partsold 212 212 205 195 168 147 109 Clinical T status 0.66
Tla (solid tumor 33.7) 1(5.6)
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2 074 SUV,a 3.9+3.1 6.1+3.6 0.01
§ 0.6 Pathological N status
2 0.54 N1 - 9(8)
é 0.4 5-year DFS rate N2 _ 9 (8)
g 0.3 Pure solid 87.3%
0 Part solid 94.5% p<0.01 Values are mean +SD or n (%)
0'1_ CEA carcinoembryonic antigen, pN— pathological node-negative can-
0'0 cer, pN+ pathological node-positive cancer, SUV,,,. maximum stand-
5 5 ) % A P > ardized uptake value

Time (month)
Patients at risk

Pure solid 107 106 95 91 80 66 47
Partsolid 212 212 200 188 161 140 103

Fig.1 a Kaplan—-Meier overall survival (OS) curve of cTla or
T1bNOMO adenocarcinoma according to the eighth edition of the
TNM classification of lung cancer. The 5-year OS rate was 91.4%
in pure-solid tumors and 95.9% in part-solid tumors (p=0.26).
b Kaplan—-Meier disease-free survival (DFS) curve of cTla or
T1bNOMO adenocarcinoma according to the eighth edition of the
TNM classification of lung cancer. The 5-year DFS rate was 87.3% in
pure-solid tumors and 94.5% in part-solid tumors (p <0.01)

The overall clinicopathological characteristics of the
patients are summarized in Table 1. Among 107 patients,
18 (16%) patients had pathological lymph node metastasis
(nine were mediastinal lymph node metastasis, six were hilar
lymph node metastasis, five were intrapulmonary lymph
node metastasis, overlapping). The median SUV_,, was 3.9
in pN— patients and 6.1 in pN+ patients. Univariate analysis
demonstrated that only SUV .. was significantly associated
with pN+(p=0.01).

The ROC curve identified the optimal SUV . cut-off
value of 5 [area under the curve (AUC), 0.699] for predict-
ing pN+ (Fig. 2). The sensitivity, specificity, and accuracy
of SUV,, were 72.2, 65.1, and 66.3%, respectively. Mul-
tivariate analysis demonstrated that a SUV . value of >5
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Fig.2 Receiver operating characteristic (ROC) area under the curve
(AUC) for detecting pathological lymph node metastasis for the max-
imum standardized uptake value (SUV,,,). The ROC curve identified
the optimal SUV . cut-off value of 5 (AUC, 0.699) for predicting
pN+ and the sensitivity, specificity, and accuracy of SUV , were
72.2,65.1, and 66.3%, respectively
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Tablg 2 .Univariate. and Variable Univariate p value Multivariate p value
multlvar.lat.e analysis of OR (95% CI) OR (95% CI)
the predictive factors for
patholog.ical lymph node Age
metastasts <69 vs>70 0.65 (0.19-2.17) 0.48 049 (0.12-1.64) 026
Sex
Male vs female 0.43 (0.14-1.31) 0.13 0.38 (0.05-1.89) 0.25
Smoking status
Never-smokers vs Ever-smokers 1.87 (0.56-6.17) 0.30 0.80 (0.11-5.27) 0.81
CEA
<5vs>5 0.44 (0.13-1.45) 0.17 1.44 (0.34-5.54) 0.60
Solid tumor size (mm) 0.98 (0.83-1.16) 0.82 0.97 (0.80-1.18) 0.77
SUV ax
<5vs>5 3.58 (1.26-10.18) 0.01 3.81(1.25-12.3) 0.02

CEA carcinoembryonic antigen, CI confidence index, OR odds ratio, SUV,

uptake value

was the independent predictor of pN+ (odds ratio, 3.81; 95%
confidence interval, 1.25-12.3; p=0.02; Table 2). In patients
who had SUV_,. value of > 5, the rate of pN+ was 30.3%
(13 patients), while that in those who had SUV_,, value
of <5 was 7.9% (five patients). The details of patients who
had pN+ status are presented in Table 3. Three patients with
SUV,,.« value of <5 had N2 disease.

Discussion

This study investigated the long-term outcomes and predic-
tive factors of pathological lymph node metastasis in pure-
solid, small-sized lung adenocarcinoma, in which lobectomy
was performed with systematic or lobe-specific lymph node
dissection. In this study, the 5-year OS and DFS rates of
standard surgical treatment (lobectomy with lymph node
dissection) for radiographically pure-solid, small-sized
lung adenocarcinoma were 91.4% and 87.3%, respectively.
In recent studies on pure-solid NSCLCs measuring <2 cm
in size, the 5-year OS and DFS rates were reportedly 87%
and 83% (including limited resection) [10] and 85% and 80%
(only lobectomy but including lymphadenectomy extent was
sampling only), respectively [16]. The long-term outcome in
this study was favorable and satisfactory compared to recent
studies. Moreover, in patients at a low risk of surgical com-
plications, pulmonary lobectomy with systematic lymph
node dissection can safely be performed, and the 30-day
mortality rate is 0.43% in Japan [2].

Many retrospective studies have compared survival after
lobectomy versus limited resection (segmentectomy and
wedge resection) for NSCLC. Some studies reported that
lobectomy confers a significant survival advantage than lim-
ited selection [17, 18], while others reported that lobectomy
and limited resection may lead to the same survival outcome

e Maximum standardized

[19, 20]. In radiographically pure-solid, small-sized NSCLC
patients (T1aNOMO as per the seventh edition of TNM clas-
sification), a retrospective propensity score-matched study
was performed, which demonstrated a similar oncological
outcome after lobectomy and segmentectomy (the 5-year
OS and DFS rates were 85% and 80%, respectively, in lobec-
tomy group versus 84% and 77% in segmentectomy group,
respectively) [16]. However, in the segmentectomy group,
the N1 nodes were intraoperatively assessed, and if posi-
tive, the surgical procedure was converted to lobectomy, and
these patients were excluded from the study. This method
may have caused a selection bias. The final results of the
phase III trial conducted by the Japan Clinical Oncology
Group (JCOG) 0802 [21] and Cancer and Leukemia Group
B (CALGB) 140503 [22] for investigating the efficacy of
limited surgical resection for small-sized lung carcinoma
will provide a conclusive outcome. However, patients with
part-solid and pure-solid lung cancers were included in the
JCOG 0802 and CALGB 140503 trials; in our study, pure-
solid adenocarcinoma demonstrated a worse 5-year DFS rate
than part-solid adenocarcinoma, although the tumor size
was <2 cm. Therefore, patients with part-solid and pure-
solid adenocarcinoma should be separately considered.
The prediction of pN— is important in determining the
indications for limited surgical resection. A previous study
reported that the pathological node-negative criteria in stage
IA lung adenocarcinoma (according to the seventh edition of
the TNM classification) were a solid tumor size of < 0.8 cm
or SUV,,., of < 1.5 [22]. In this study, the minimum SUV .
in patients with pN+was 1.6; thus, SUV_ . of <1.5 may be
a meaningful cut-off value. Characteristics of recent retro-
spective cohort studies on the relationship between SUV .
and pN+are presented in Table 4. In various populations,
different SUV_,, threshold values were reported. Similar

to our study, some studies reported that a SUV . value
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Table 3 Details of the patients who had pathologic lymph node posi-
tive in this study

Table 4 Characteristics of studies on the association between SUV
and pathological lymph node metastasis

max

No Primary site Solid tumor SUV,_,. Station of lymph Study Patients Result (threshold
size (mm) node value of SUV_, )
1 Right lower lobe 15 1.6 #11i Hattori et al. [11] Clinical NOMO, NCSLC >5
(S10) Pure-solid, Tumor size <2 cm
2 Rightlowerlobe 15 22 #7 n=94
(S9) Ye et al. [23] Clinical NOMO, Ad >5
3 Rightlowerlobe 19 22 #7 Tumor size <3 cm
(S6) n=219
4 Right lower lobe 13 2.9 #11s Moon et al. [24]  Clinical NOMO, Ad >5
(S6) n=350
5 Left upper lobe 14 39 #4L Okada et al. [30] Clinical NOMO, Ad >2.5
(S1+2) Tumor size <3 cm
6 Left upper lobe 18 5.4 #12u, #14 n=502
(S3) This study Clinical NOMO, Ad >5
Pure-solid, Tumor size <2 cm
7 L?gt;;pper lobe 16 5.7 #5 =107
8  Right upper lobe 18 5.8 #4R, #10 Ad adenocarcinoma, NSCLC non-small-cell lung carcinoma, SUV,,,.
(S3) maximum standardized uptake value
9 Right upper lobe 19 6.0 #13
(52)
10 Rl(f’;;[)uf’ per lobe 18 6.7 #4R whether or not limited surgical resection should be applied
11 Left lower lobe 19 71 4121 for small-sized but radiographically pure-solid adenocarci-
(S10) noma, depending on the extent of tumor invasiveness. This
12 Rightupperlobe 18 7.4 #4R, #11 s, #12u study revealed that SUV . value of >5 was a significant
(S3) predictor of pN+ ; however, there were five patients (7.9%)
13 Left upper lobe 12 7.2 #12u with pN+who had SUV_,. values of <5; in these patients,
(S1+2) limited surgical resection may lead to a high locoregional
14 Right upper lobe 14 13 #4R recurrence risk and may lease to worse prognosis. Moreo-
.(83) ver, some studies were conducted on the analysis of subseg-
15 ng;t)up per lobe 18 87 #4R mental and segmental lymph node metastasis and intrapul-
16 Right lower lobe 13 103 #11i monary metastasis in patients \.)vl?o und.erwent res;ctlon for
(510) NSCLC. A retrospective analysis involving 124 patients with
17 Left upper lobe 19 113 #11 pN1 NSCLC reported that 57% of pN1 patients had metas-
(S4) tasis at lymph node levels 13 and 14, and i n 27% of pN1
18  Left upper lobe 10 15 #11 patients, lymph node levels 13 and 14 were the only involved
(83) stations [27]. Additionally, the rate of non-primary tumor-

SUV,

'nae Maximum standardized uptake value

of > 5 was a predictive factor of pN+[11, 23, 24]. However,
in those studies, patients with radiographically part-solid
nodules who were expected to have a better prognosis than
those with pure-solid nodules [23, 24] or patients with only
radiographically pure-solid nodule but without adenocarci-
noma, squamous cell carcinoma, or other histological-type
carcinomas were included [11]. Tumor vascularity and nega-
tive glucose metabolism correlated in adenocarcinoma, but
not in squamous cell carcinoma, and SUV . of the primary
tumor was a prognostic factor for patients with adenocarci-
noma, but not with squamous cell carcinoma of the lung [25,
26]. A difference in the histology of the tumor was influ-
enced in SUV Therefore, this study may help decide

max*
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bearing segmental lymph node metastasis was 3% in patients
with adenocarcinoma, in which the tumor size was <2 cm
[28] and 1% in patients with stage IA NSCLC (as per the
seventh edition of TNM classification) [29]. For the estima-
tion of segmental and subsegmental lymph node metastasis,
intraoperative evaluation of the lobar lymph nodes alone is
insufficient.

Our study has some limitations. First, we used a retro-
spective study design. Second, we obtained data from a sin-
gle institution, and the number of cases was small because
the inclusion and exclusion criteria were severe to elimi-
nate deviation from baseline characteristics in this study.
Third, for selecting optimal patients for segmentectomy with
a curative intent, the cut-off value needs to be determined
at the point that will completely predict pN—; however, it
is difficult to determine the cut-off value for completely
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predicting pN— based on a SUV_,, value. Thus, we analyzed
the value of SUV__.. as a predictive factor for pN+.

max

Conclusion

The long-term outcome of standard surgical treatment was
favorable and satisfactory. Radiographically pure-solid ade-
nocarcinoma had high malignant potential, and the rate of
pN+was 16%, although the tumor size was small (<2 cm).
Additionally, a SUV_ .. value of > 5 was a significant pre-
dictor of pN+; however, the diagnostic accuracy was not
satisfactory. Therefore, the selection of ideal candidates is
challenging, and limited surgical resection should not be
performed for patients with radiographically pure-solid
small lung adenocarcinoma.
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