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Abstract
Purpose  The aim of this study was to identify risk fac-
tors for recurrence in non-small cell lung cancer (NSCLC)

patients with lymph node metastases after surgical
resection.
Methods  We reviewed 66 consecutive patients with sur-

gically resected NSCLC who had pathologically proven
positive lymph nodes (pN1 or pN2). All patients underwent
a preoperative 2-['*F-fluoro-2-deoxy-p-glucose positron
emission tomography (FDG-PET) evaluation. We analyzed
the recurrence-free survival (RFS) and recurrence-free pro-
portion (RFP} according to the clinicopathological factors.

Results A total of 27 patients were pathologically N1 and
39 were N2. The 5-year overall survival rate and the RFS
rate were 47.2 and 27.7 %, respectively. The cut-off val-
ues for the SUV, . of the tumor and the lymph node ratio
(LNR) were determined to be 6.5 and 0.12, respectively,
using a receiver operating characteristics curve analysis.
Both univariate and multivariate analyses revealed three
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significant independent factors for RFS: namely, the SUV
of the tumor, the LNR, and the use of adjuvant chemother-
apy. Only the SUV . was an independent significant pre-
dictor of the RFP.

Conclusions  Both the SUV - and the LNR can serve
as prognostic factors for patients with pN + NSCLC. Our
study suggests that the LNR could be a stronger prognostic
factor than the N classification of the TNM system and the
SUV,,,, may predict recurrence in node-positive NSCLC
patients.

max

Keywords Non-small cell lung cancer - FDG-PET -
Lymph node ratio (LNR) - Lymph node metastasis -
Suv

max

Introduction

Lung cancer remains the most common cause of cancer
deaths worldwide. Non-small cell fung cancer (NSCLC)
accounts for approximately 85 % of all lung cancers. An
analysis of data from a Japanese Lung Cancer Registry
study showed the 5-year overall survival rates of patients
with pathological stages IIA, 1IB, and IIIA NSCLC to be
61.0, 474, and 32.8 %, respectively [1]. More than half
ol all patients with surgically resected lung cancer with
pathologically lymph node metastases have relapse of the
cancer, and the patient outcomes remain poor. However,
some patients with lymph node metastases survive without
relapse.

2-'F}-Auoro-2-deoxy-p-glucose  (SE-FDG)  positron
emission tomography (PET) has been used to predict occuit
nodal metastases in NSCLC patients of clinical NO [2-4],
and is widely used for lymph node staging, in combina-
tion with CT findings [5-7]. Many studies have evaluated
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the utility of "*F-FDG-PET and have shown that the maxi-
mum standardized uptake value (SUV, ) of a tumor is
useful for predicting both recurrence and the prognosis
in patients with early-stage NSCLC [8-11], as with other
prognostic factors [12]. However, few data on the prognos-
tic significance of the SUV . in patients with surgically
resected NSCLC and pathological lymph node metastases
are available.

The lymph node ratio (LNR) is the ratio of metastatic
lymph nodes to all dissected lymph nodes and is known to
predict the survival of NSCLC patients undergoing radical
resection. The LNR has been reported to be more valuable
in this context than the N descriptor of the TNM classifica-
tion [13-16].

In this study, we retrospectively investigated the risk
factors of recurrence after surgical resection of NSCLC
in patients with lymph node metastases. To clarify which
subset of patients in particular had a survival benefit from
receiving adjuvant chemotherapy, we further classified
the patients according to the risk factors and analyzed the
survival for each group. To this end, we used the SUV,
value of the main tumor via '*F-FDG-PET and the LNR.

max

Patients and methods
Patient selection and the follow-up

Between 2006 and 2012, a total of 384 consecutive patients
underwent surgical resection of primary lung cancer in our
department. All patients signed Institutional Review Board-
approved informed consent forms. After excluding 127
patients who did not meet our study criteria. the remaining
257 NSCLC patients, who underwent complete resection,
were included (Supplementary Figure I). Clinical nodal
stages were defined according to the CT and PET-CT find-
ings. In a CT scan, a mediastinal Iymph node with a short
axis diameter measuring 10 mm or more was determined to
indicate clinical N2 (¢N2) disease. On PET-CT, an SUV-
mas Value greater than 2.5 was diagnosed as a PET-positive
Iymph node [17-19]. In ¢N2 cases, primary surgical resec-
tion featured only single-station N2. We did not routinely
perform invasive techniques for mediastinal nodal staging,
such as video-assisted thoracoscopic surgery, endobron-
chial ultrasound-guided transbronchial needle aspiration,
or mediastinoscopy. Furthermore, of the 257 patients, 66
patients with positive lymph nodes pathologically proven
after surgery were enrolled in this study. Adjuvant chem-
otherapy was administered to patients according to the
postoperative performance status and age. Platinum-based
chemotherapies were administered if possible. The follow-
up evaluation and recurrence diagnosis were performed as
previously described [20].

@ Springer

BF.FDG PET-CT procedure

Patients fasted for at least 5 h before the F-FDG PET
examination, received intravenous injections of 200-
250 MBq 18-fluoro-2-deoxy-p-glucose, and rested for
approximately 1 h before imaging. Image acquisition was
performed using an Advance NXi PET scanner and Dis-
covery PET/CT scanner (GE Healthcare, Milwaukee, WI,
USA). Two-dimensional emission scanning was performed
from the groin to the top of the skull. The acquired data
were reconstructed via iteratively ordered subset expecta-
tion maximization. To evaluate the '*F-FDG accumulation,
the tumor was first examined visually, and the peak SUV of
the entire tumor was subsequently determined. The highest
SUV value (thus, the SUV ) was used in our analysis.

Histological studies

All surgical specimens were fixed in 10 % (v/v) forma-
lin and embedded in paraffin. The tumors were cut into
approximately 5 mm thick blocks, and serial 4-pum thick
sections were stained with hematoxylin and eosin (HE) and
reviewed by an experienced pathologist. The Elastica-Mas-
son method was used to visualize elastic fibers. Blood and
lymphatic vessels were identified via HE and Elastica-Mas-
son staining. Vascular invasion and lymphatic permeation
were histologically diagnosed by identifying cancer cells
within the blood and lymphatic vessels, respectively. Pleu-
ral invasion was evaluated via Elastica-Masson staining.
Histological diagnoses were made according to the revised
third edition of the World Health Organization Classifica-
tion of Tumours.

Lymph node dissection and the lymph node ratio (LNR)

Lymph node (LN) dissection was routinely performed on
nodal stations 2R, 4R, 7 and hilar nodes of patients with
right upper lobe and middle lobe carcinoma: and 2R, 4R,
7. 8. 9. and hilar nodes of those with right lower lobe car-
cinoma. On the left side, 4L, 3, 6, 7, and hilar nodes were
dissected in those with upper lobe carcinoma; and 4L, 5, 6,
7. 8.9, and hilar nodes were dissected in those with lower
lobe carcinoma. Selective lymph node dissection was per-
formed only in clinical T1 NO lung cancer cases. Thus,
nodes 2 and 4 were not dissected in those with lower lobe
carcinoma and node 7 was not dissected in patients with
upper lobe carcinoma. We treated resected lymph nodes
carefully not to dissect them into picces, and precisely cal-
culated the LNR.

Although most patients underwent dissection of at least
10 regional LNs during surgery, to ensure the quality of the
nodal status evaluation (the extent of LN dissection was
as recommended in the literature) [21], others from whom
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Table 1 Prognostic factors of the recurrence-free survival

Characteristics Number of patients (total = 66)  3-year RES rate (%)  Univariate analysis p value®  Multivariate analysis

Hazard ratio (93 % Ch p value®

Age (years)

<70 35 39.7 0.483
=70 31 314

Sex
Male 46 36.3 0.687
Female 20 34.3

Smoking history
Never 16 438 0.585
Ever 50 33.1

PS
0 58 380 0.130
1 8 18.8

CEA {ng/mL)
<3.0 43 35.6 0.762
>5.0 23 36.6

Laterality
Right 39 40.0 0.473
Left 27 31.1

Clinical nodal staging
<NO 41 364 0.829
¢NI 16 38.6
N2 9 44.4

Histology
Adenocarcinoma 46 392 0.376
Non-adenocarci- 20 278

noma

SUV,,,, of the tumor

<6.5 23 70.9 <0.001" 1 0.002
>6.5 43 19.6 3.88 (1.66-9.00)
Pathological T status
pT1 12 75.0 0.009° 1 0.263
pT2-4 54 259 2.02 (0.59-6.89)
Pathelogical nodal involvement
pN1 27 42.6 0.207
pN2 39 316
LNR
<0.12 30 52.0 0.005" 1 0.023"
>0.12 36 23.0 2,18 (1.12-4.24)
Lymphatic permeation
Ly (=) 5 60.0 0.265
Ly (+) 61 339
Vascular invasion
V(= 14 25.0 0.303
V(+) 52 3.8
Pleural invasion
PL () 25 44.2 0.204
PL (+) 41 304
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