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Abstract

Background We measured the sizes of metastatic lymph nodes and the relationships thereof by 18F-fluo-

rodeoxyglucose positron emission tomography/computer tomography (PET/CT). We identified risk factors for nodal

upstaging in patients with esophageal squamous cell carcinoma (ESCC).

Methods Eighty-five patients with ESCC who underwent esophagectomy with extensive mediastinal lym-

phadenectomy were assessed. Two radiologists blinded to pathology data reviewed PET/CT scans, evaluating both

primary tumors and lymph node involvement. A pathologist examined all metastatic lymph nodes in terms of

maximal diameter (LNmax), the size of the metastatic focus (Fmax), and the metastasis occupation ratio

(MOR = Fmax/LNmax).

Results The maximal tumor length averaged 2.9 ± 0.2 cm and the mean SUVmax of the primary lesion 5.3 ± 0.5.

On PET/CT scans, 26 (30.6 %) patients exhibited nodal metastasis and 59 (69.4 %) did not. Pathology grades of pN0,

pN1, pN2, and pN3 were assigned to 45 (52.9 %), 24 (28.2 %), 13 (15.3 %), and 3 (3.5 %) patients, respectively.

Nodal upstaging was evident in 29 (34.1 %) cases. In 123 metastatic nodes of 4212 nodes dissected, the LNmax was

6.60 ± 0.39 mm, the Fmax 4.47 ± 0.35 mm, and the MOR 0.68 ± 0.03. Of 123 nodes, 85 (69.1 %) were retrieved

from PET-negative stations, and the LNmax and Fmax values of these nodes were 5.88 ± 0.42 and 3.75 ± 0.31 mm,

respectively. Upon multivariate analysis, tumor length (OR 1.666, p = 0.019) and lymphovascular invasion (OR

41.038, p\ 0.001) were risk factors for nodal upstaging.

Conclusion A significant proportion of nodal metastases were too small to detect via PET/CT imaging. Therefore,

meticulous lymph node dissection might be helpful in ESCC patients.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is an

aggressive disease associated with a high frequency of

lymph node metastasis compared to other gastrointestinal

malignancies [1]. Lymph node metastasis has been recog-

nized as prognostically predictive in esophageal cancer [2],

and the number of metastatic lymph nodes is used in the N

staging system of the American Joint Committee on Cancer

(AJCC) (7th revision) [3]. Accordingly, accurate diagnosis

of lymph node metastasis in patients with esophageal

cancer is essential for correct preoperative staging, pre-

diction of survival, and treatment plan selection. In par-

ticular, preoperative determination of whether the tumor

has reached any lymph nodes is important, because patients

with metastatic lymph nodes may be candidates for

neoadjuvant therapy prior to surgery. Various methods

have been used to detect lymph node metastases in eso-

phageal cancer patients, including computed tomography

(CT), ultrasonography (US), and endoscopic ultrasonog-

raphy (EUS). However, even such advanced imaging

modalities do not always reliably identify lymph node

metastasis prior to surgical resection and pathological

examination.

Positron emission tomographic/computer tomographic

(PET/CT) scans obtained after administration of 18F-fluo-

rodeoxyglucose (18F-FDG) combine physiological infor-

mation derived from altered tissue metabolism with precise

anatomical localization. Recently, several reports have

explored the diagnostic utility of 18F-FDG PET/CT scans

in nodal staging of esophageal cancer; various criteria and

methods were applied [4, 5]. Several studies found that the

diagnostic sensitivity and specificity of PET/CT scans used

to assess the locoregional lymph nodes of esophageal

cancer patients were as high as 93.9 and 92.06 %,

respectively [5, 6]. However, in another study of 565

lymph nodes of lung cancer patients, PET was found to

afford poor resolution and failed to identify metastatic foci

smaller than 4 mm in diameter [7]. Thus, PET may not be

useful for the assessment of locoregional lymph nodes in

esophageal cancer if the nodes and their metastatic foci are

small. In general, PET is known to be unreliable when used

to diagnose small lymph node metastases less than 5 mm in

diameter [8].

We performed preoperative PET/CT on all patients

operated upon to treat esophageal cancer. Extensive

mediastinal lymphadenectomy is a cornerstone of our basic

surgical policy [9]. Based on our experience, we conducted

the present study to measure the sizes of ESCC metastases

in involved lymph nodes and to correlate the pathology

results with preoperative PET/CT findings. We explored

whether PET/CT scans could be used to determine

metastasis to locoregional lymph nodes in ESCC patients.

In addition, we identified the incidence of and risk factors

for nodal upstaging.

Patients and methods

Eighty-five patients who underwent esophagectomy and

total lymphadenectomy from August 2010 to July 2014

were included in this retrospective study (IRB approval

No: 4-2014-0354). The inclusion criterion was histologi-

cally proven squamous cell carcinoma of the thoracic

esophagus; patients who had resectable cervical or

abdominal lymph nodes suspected to be associated with a

tumor, but patients who did not have unresectable local

disease were included. Exclusion criteria were an in situ

lesion, concurrent multiple cancers elsewhere, treatment

with neoadjuvant chemoradiation or chemotherapy, and

prior mediastinal lymph node dissection. Patient demo-

graphics, operative data, and pathology findings were

recorded prospectively.

Preoperative endoscopic biopsies were performed to

confirm the histological diagnoses, and staging work-up

included EUS and chest CT, abdomino-pelvic CT, and

PET/CT scans. Each CT scan was obtained after infusion

of 150 mL of nonionic contrast; 5-mm-thick slices were

obtained from the lower neck to the lower borders of both

kidneys. All patients underwent ultrasonography, and

images were obtained at 3.5 MHz from the chest and

abdomen. 18F-FDG PET/CT scans were obtained using

either a Discovery600 PET/CT (GE Healthcare, Milwau-

kee, WI, USA) or a Biograph TruePoint 40 PET/CT (Sie-

mens Medical Systems, CTI, Knoxville, TN, USA). All

patients fasted for at least 6 h prior to scanning and

peripheral blood glucose levels of all patients were con-

firmed to be 140 mg/dL or less prior to 18F-FDG injection.

Approximately 5.5 MBq/kg body weight 18F-FDG was

administered intravenously 1 h before image acquisition.

After initial low-dose CT scanning (Discovery600: 30 mA,

130 kVp; Biograph TruePoint: 36 mA, 120 kVp), standard

PET imaging, from the neck to the proximal thighs, with an

acquisition time of 3 min/bed in the three-dimensional

mode was performed. Images were reconstructed via

ordered subset expectation maximization (two iterations,

20 subsets).

Tumor length was the longest craniocaudal axial length

measured via endoscopy. If multiple nodules were identi-

fied, the longest nodule length was recorded as the endo-

scopic tumor length. If the endoscopist could not identify a

tumor, mass, lesion, or nodule, the length of the polyp (the

long axis of the diameter of the polyp), the ulcerated area,

the mucosal defect, the nodular mucosa, or the focal
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thickening of the esophageal wall/stricture was recorded

[10].

Criteria for preoperative diagnosis of lymph node

metastasis

Preoperative staging was based on analysis of PET/CT

images. Two radiologists experienced in nuclear medicine

visually interpreted reconstructed PET/CT images to

identify primary lesions and lymph node metastases using a

three-dimensional computer display workstation, reaching

consensus on each identification. Lymph nodes exhibiting

focally increased 18F-FDG uptake similar to or higher than

that of the liver were considered to be malignant. Sym-

metric 18F-FDG uptake by the bilateral pulmonary hilar

lymph nodes was considered to be benign, because eso-

phageal cancer rarely metastasizes to the hilum [11], and

symmetric hilar uptake generally reflects chronic inflam-

mation. Calcified lymph nodes were regarded as negative

even if uptake was evident [12]. For quantitative analysis,

regions of interest were manually placed on primary

lesions evident on transaxial images to obtain SUVmax

values. Classifications followed the Japanese Guidelines

for Clinical Pathologic Studies on Carcinoma of the

Esophagus [13].

Lymph node dissection

Surgical procedures were the same as described in our

previous reports [9]; the description here is limited to

esophagus and lymph node dissection. The thoracic duct,

pleura, and all periesophageal tissues of the mediastinum

were dissected en bloc. The right paratracheal and right

recurrent laryngeal, subcarinal and bilateral hilar,

diaphragmatic, and posterior mediastinal lymph nodes

adjacent to the descending aorta and the left pleura were

then thoroughly dissected. The lymph nodes in the aor-

topulmonary window (the left tracheobronchial nodes) and

the left recurrent laryngeal lymph nodes were dissected

separately. In the abdominal procedure, en bloc dissection

of lymph nodes was performed along the cardia, lesser

curvature, left gastric artery, and celiac axis. Lymph nodes

around the common hepatic artery were dissected sepa-

rately. The left gastric artery was cut at its origin. In

addition, the proximal stomach was cut between the right

and left gastric artery and resected with the esophagus

using a linear stapler, after which a gastric tube was con-

structed. Neck dissection was performed in patients with

upper esophageal cancer or with clinically positive lymph

nodes in the neck. For neck dissection, a collar incision was

created and the middle deep cervical and supraclavicular

lymph nodes were removed en bloc. The lymph nodes

along the cervical recurrent laryngeal nerve, located

between the common carotid artery and the trachea, were

then removed.

Pathological diagnosis of lymph nodes

All patients were staged using the AJCC criteria (7th edi-

tion) [3]. Each final pathological diagnosis of lymph node

metastasis was compared with the preoperative diagnosis

based on PET/CT to determine the accuracy of PET/CT for

each lymph node site. All metastatic lymph nodes were

microscopically evaluated in terms of maximal diameter

(LNmax) and metastatic focus size (Fmax). These data

were used to calculate the extent of the metastatic area in

each lymph node, yielding the metastasis occupational rate

(MOR) for each node. The MOR was derived using the

following formula: MOR = LNmax/Fmax [2]. If the

metastatic foci within the lymph node were more than one,

Fmax was measured in the largest metastatic foci.

Statistical analysis

Clinical and pathological parameters are presented as

means ± standard errors for continuous variables, and as

frequencies (with % values) for categorical variables. The

v2 test was used to compare categorical data, and Student’s

t test was used to compare continuous variables. Univariate

logistic regression was used to explore associations

between potential prognostic predictors and nodal upstag-

ing. Odds ratios (ORs) with 95 % confidence intervals

(CIs) were calculated via multivariate logistic regression.

Preoperative prognostic predictors with p values\0.25

upon univariate analysis were entered into the multivariate

logistic regression model. Using Wald stepwise selection,

with p\ 0.10 as both the entry and removal probability, a

final model was obtained. All p values were two sided, and

a p value \0.05 was considered to reflect significance.

Statistical analysis was performed using SPSS software

version 20.0 (SPSS Inc., Chicago, IL, US).

Results

Patient demographics and preoperative PET

analysis

Patient demographic data are listed in Table 1. There were

77 (90.6 %) male and 8 (9.4 %) female patients, of mean

age 62.5 ± 0.9 years. The tumor location was in the upper

esophagus in 6 (7.1 %), middle in 47 (55.3 %), and lower

in 32 (37.6 %); 7 patients (8.2 %) had multiple lesions. The

mean SUVmax of the primary lesion was 5.3 ± 0.5, and

the maximal tumor length 2.9 ± 0.2 cm. The mean number

of dissected lymph nodes was 49.6 ± 2.4. The operative
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mortality was developed in 2 (2.4 %) cases. The frequent

operative complications are as follows: vocal cord palsy

(25 cases, 29.4 %), pulmonary complications (10 cases,

11.8 %), anastomotic leakage (10 cases, 11.8 %) and

chylothorax (2 cases, 2.4 %).

PET/CT scan analysis was used to divide patients into

two groups; 59 patients (69.4 %) exhibited no suspicious

metastatic lymph node stations (the cN- group) but 26

(30.6 %) did (the cN? group). The cN? group had a

higher histological grade, longer tumor length, higher

SUVmax, more advanced disease stage, and higher inci-

dence of lymphovascular invasion (Table 1).

Pathological status was pN0 in 45 patients (52.9 %),

pN1 in 24 (28.2 %), pN2 in 13 (15.3 %), and pN3 in 3

(3.5 %). Twenty-nine (34.1 %) cases of nodal upstaging

were noted, 18 (30.5 %) and 11 (42.3 %) in the cN- and

cN? groups, respectively. The frequency of nodal

upstaging did not significantly differ between the two

groups (p = 0.290).

Lymph node pathology

In total, 4212 lymph nodes were dissected, 349 in the neck,

2325 in the mediastinum, and 1528 in the abdomen. Of all

lymph nodes, 123 were diagnosed as metastatic by the

pathologist. The most frequent metastatic sites were in the

bilateral recurrent laryngeal chains (bilateral recurrent

laryngeal and infra-aortic lymph nodes; 36, 29.3 %); the

left gastric lymph nodes (28, 22.8 %); and the para-eso-

phageal lymph nodes (23, 18.7 %).

The 123 metastatic nodes were further analyzed

(Table 2). The LNmax was 6.60 ± 0.39 mm, the Fmax

4.47 ± 0.35 mm (range 0.1–22 mm), and the MOR

0.68 ± 0.03. Fifty-six (45.5 %) nodes were less than 5 mm

in diameter (Fig. 1a), and 82 (66.6 %) contained metastatic

lesions that were less than 5 mm in diameter (Fig. 1b).

MOR in 41 (33.3 %) of 123 metastatic lymph nodes were

less than 0.5. Of the 123 metastatic nodes, 85 were nega-

tive on PET/CT (PET-) and 38 positive (PET?). Both the

LNmax and the Fmax of nodes from PET- sites were

significantly smaller than those of nodes from PET? sites

(5.88 ± 0.42 vs. 8.22 ± 0.78 mm, p = 0.005; 3.75 ± 0.31

vs. 6.10 ± 0.84 mm, p = 0.012, respectively; Table 2).
18F-FDG PET/CT tended to underestimate the N staging in

comparison with pathology analysis. The N staging by PET/

CT agreed with the histopathological findings in 53 of the 85

(62.4 %) patients, underestimated the N stage in 29 (34.1 %),

and overestimated the N stage in 3 (3.5 %, Table 1).

Table 1 Patient demographics

Total cN- cN? p Total cN- cN? p

Age (years) 62.5 ± 0.9 63.0 ± 1.1 61.2 ± 1.6 0.369 pT 0.009

Sex 1.000 1A 27 (31.8 %) 24 (40.7 %) 2 (11.5 %)

Male 77 (90.6 %) 53 (89.8 %) 24 (92.3 %) 1B 39 (45.9 %) 27 (45.8 %) 12 (46.2)

Female 8 (9.4 %) 6 (10.2 %) 2 (7.7 %) 2 4 (4.7 %) 3 (5.1 %) 1 (3.8 %)

Tumor location 0.979 3 13 (15.3 %) 5 (8.5 %) 8 (30.8 %)

Upper 6 (7.1 %) 4 (6.8 %) 2 (7.7 %) 4 2 (2.4 %) 0 (0.0 %) 2 (7.6)

Middle 47 (55.3 %) 33 (55.9 %) 14 (53.8 %) LVI 23 (27.1 %) 10 (16.9 %) 13 (50.0 %) 0.002

Lower 32 (37.6 %) 22 (37.3 %) 10 (38.5 %) PNI 5 (5.9 %) 2 (3.4 %) 3 (11.5 %) 0.165

Histological grade 0.076 pN \0.001

WD 15 (17.6 %) 13 (22.0 %) 2 (7.7 %) N0 45 (52.9 %) 41 (69.5 %) 4 (15.4)

MD 61 (71.8 %) 38 (64.4 %) 23 (88.5 %) N1 24 (28.2 %) 13 (22.0 %) 11 (42.3 %)

PD 9 (10.6 %) 8 (13.6 %) 1 (3.8 %) N2 13 (15.3 %) 5 (8.5 %) 8 (30.8 %)

Tumor length (mm) 2.9 ± 0.2 2.6 ± 0.2 3.4 ± 0.3 0.027 N3 3 (3.5 %) 0 (0.0) 3 (11.5 %)

SUVmax 5.3 ± 0.5 4.4 ± 0.5 7.6 ± 1.1 0.013 pStage \0.001

Multiple lesions 7 (8.2 %) 6 (10.2 %) 1 (3.8 %) 0.328 I 44 (51.8 %) 40 (67.8 %) 4 (15.4 %)

Neck dissection 13 (15.3 %) 4 (6.8 %) 9 (34.6 %) 0.001 II 22 (25.9 %) 13 (22.0 %) 9 (34.6 %)

Dissected LNs III 19 (22.4 %) 6 (10.2 %) 13 (50.0 %)

Total 49.6 ± 2.4 44.0 ± 2.2 62.2 ± 5.2 0.003 LN staging 0.290

Mediastinum 27.2 ± 1.1 25.1 ± 1.3 32.0 ± 1.5 0.002 Correct 53 (62.4 %) 41 (69.5 %) 11 (42.3 %)

Abdomen 18.0 ± 1.0 17.1 ± 1.1 20.2 ± 2.2 0.149 Upstaging 29 (34.1 %) 18 (30.5 %) 11 (42.3)

Downstaging 3 (3.5 %) 0 (0.0 %) 4 (15.4 %)

WD well-differentiated, MD moderately differentiated, PD poorly differentiated, SUV standardized uptake value, LN lymph node, LVI lym-

phovascular invasion, PNI perineural invasion
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Risk factors for nodal upstaging

We identified risk factors for nodal upstaging (Table 3).

Upon univariate analysis, tumor length, SUVmax of the

primary lesion, lymphovascular invasion, the presence of

multiple lesions, total LN count, and pathological T stage

were risk factors for nodal upstaging. Upon multivariate

analysis, tumor length (odds ratio 1.666, 95 % CI

1.089–2.551, p = 0.019), and lymphovascular invasion

(odds ratio 41.038, 95 % CI 8.736–192.781, p\ 0.001)

were risk factors for nodal upstaging.

Discussion

Accurate diagnosis of lymph node metastasis in ESCC

patients is essential for correct preoperative staging and

selection of appropriate treatment (for example,

Table 2 Characteristics of metastatic lymph nodes

Nodes from PET- sites Nodes from PET? sites

n LNmax (mm) Fmax (mm) MOR n LN max (mm) Fmax (mm) MOR

Left deep internal cervical LN 1 10 7 0.7 0 – – –

Left deep lateral cervical LN 0 – – – 1 11 8 0.73

Right deep internal cervical LN 1 6 6 1 0 – – –

Right deep lateral cervical LN 2 2.75 ± 1.06 1.90 ± 2.26 0.56 ± 0.61 0 – – –

Left recurrent laryngeal LN 7 4.35 ± 2.25 2.27 ± 2.42 0.45 ± 0.28 5 7.30 ± 3.61 6.10 ± 4.60 0.77 ± 0.34

Right recurrent laryngeal LN 10 6.90 ± 3.54 4.68 ± 3.97 0.68 ± 0.42 11 9.14 ± 5.23 6.75 ± 5.19 0.75 ± 0.39

Infra-aortic LN 2 7.50 ± 0.70 4.25 ± 0.35 0.57 ± 0.09 1 17 15 0.88

Subcarinal LN 4 12.62 ± 7.71 3.30 ± 3.22 0.41 ± 0.43 3 8.33 ± 2.01 5.33 ± 0.28 0.67 ± 0.21

Para-esophageal LN 15 5.64 ± 4.30 3.75 ± 2.45 0.76 ± 0.26 8 7.31 ± 6.30 5.77 ± 6.96 0.72 ± 0.36

Paracardial LN 13 5.21 ± 0.24 4.12 ± 2.76 0.73 ± 0.37 0 – – –

Left gastric LN 20 5.87 ± 3.94 3.80 ± 3.31 0.61 ± 0.32 8 7.25 ± 4.35 4.47 ± 5.27 0.53 ± 0.42

Common hepatic LN 2 4.25 ± 1.09 2.55 ± 0.63 0.60 ± 0 1 6 6 1

Splenic LN 3 4.83 ± 2.51 1.03 ± 1.36 0.89 ± 0.18 0 – – –

Celiac LN 5 4.70 ± 2.97 3.42 ± 2.18 0.68 ± 0.27 0 – – –

Total 85 5.88 ± 0.42 3.75 ± 0.31 0.66 ± 0.04 38 8.22 ± 0.78 6.10 ± 0.84 0.71 ± 0.06

LN lymph node, MOR Metastatic occupation ratio

Fig. 1 Histogram on the sizes of metastatic lymph nodes and metastatic lesions in the lymph nodes. a Distribution of sizes of metastatic lymph

nodes. b Distribution of sizes of metastatic foci

2952 World J Surg (2015) 39:2948–2954

123



neoadjuvant therapy) prior to surgery. However, accurate

diagnosis of lymph node metastasis prior to pathological

examination is sometimes difficult, even using advanced

imaging methods. Kajiyama et al. performed preoperative

lymph node analysis using CT and EUS; the true-positive/

true-negative diagnostic rate for all lymph node sites in

three fields (the neck, thorax, and abdomen) was only

23.2 % and the false-negative rate 53.7 % [14]. Choi et al.

reported that FDG-PET was more accurate than conven-

tional imaging (such as CT imaging or EUS) when used to

evaluate metastasis in individual lymph node groups and

for N staging of esophageal cancer [6]. Notably, the utility

of PET–CT has also been shown for thoracic ESCC by

Yuan et al., who found that PET/CT improved the sensi-

tivity (81.71–92.06 %), accuracy (86.15–92.44 %), and

negative predictive value (94.83–98.31 %) of 18F-FDG

imaging upon assessment of locoregional lymph nodes [5].

Herein, we measured the frequencies of nodal upstaging

and downstaging based on routine preoperative PET/CT

scanning of all patients with operable ESCC who also

underwent extensive lymph node dissection. In contrast to

the recent positive results of PET/CT scans on ESCC,

precise nodal staging was possible in about 60 % of these

patients. Our results indicate that even the most advanced

functional imaging modality available, PET/CT, has limi-

tations when used for preoperative nodal staging of ESCC

patients.

One reason for inaccurate diagnosis of nodal metastasis

in ESCC patients is that the lymph node metastases are

small. The average largest diameter of the node metastases

in our sample was only 6.60 ± 0.39 mm, and in many

cases, the metastasis was significantly smaller than the

involved lymph node; the average diameter of metastatic

foci was 4.47 ± 0.35 mm. Almost half of all metastatic

nodes (45.5 %) were of diameter less than 5 mm, and

nearly two-thirds (66.6 %) contained metastatic foci less

than 5 mm in diameter. Kajiyama et al. reported similar

results upon analysis of 92 ESCC cases [14]. In the cited

work, the mean metastasis diameter was 4.8 mm, signifi-

cantly less than that of the involved lymph nodes. Of all

metastatic lymph nodes, 37.2 % were less than 5 mm in

diameter, as were 63.1 % of the metastases. In such cases,

accurate diagnosis of metastasis prior to surgery would be

difficult using conventional radiographic or ultrasono-

graphic examinations. Also, diagnosing small lymph node

metastases (less than 5 mm in diameter) remains difficult

using functional imaging modalities such as PET [8].

Another reason for frequent nodal upstaging even after

PET/CT scanning is that 18F-FDG PET tends to underes-

timate the extent of regional lymph node involvement in

ESCC because of high 18F-FDG uptake by the adjacent

primary tumor or tracer uptake by physiological structures

at the thoracoabdominal interface [6, 11, 15]. Furthermore,
18F-FDG uptake by lesions in the lower thoracic and upper

abdominal areas may be underestimated because of the

effect of respiratory motion [16]. In our data, 13 positive

lymph nodes from the paracardial station (just below the

diaphragm, which imparts the respiratory motion effect)

were all negative on PET/CT (Table 2).

Our work has several clinical implications. First, it

suggests appropriate surgical policies for treatment of

esophageal cancer. If surgery features extensive lymph

node dissection, several fatal complications such as pul-

monary complications or recurrent laryngeal nerve palsy

may arise. Especially, the incidence of vocal cord palsy

after radical mediastinal lymphadenectomy ranges from 30

to 80 % [9]. To reduce the morbidity and mortality asso-

ciated with esophageal cancer surgery, avoidance of

unnecessary lymph node dissection is helpful. However,

about 40 % of patients exhibited nodal upstaging despite

the lack of any evidence of lymph node metastasis on PET/

CT; therefore, we suggest that extensive lymphadenectomy

should be mandatory for all ESCC patients. Also, the

radical lymph node dissection is thus required during

Table 3 Univariate and multivariate analyses of factors affecting clinical upstaging

Univariate analysis Multivariate analysis

OR 95 % CI p OR 95 % CI p

Tumor length 1.502 1.096–2.059 0.011 1.666 1.089–2.551 0.019

SUVmax of primary lesion 1.162 1.037–1.303 0.010 – – –

Lymphovascular invasion 24.700 6.916–88.219 \0.001 41.038 8.736–192.781 \0.001

Multiple lesions 5.625 1.019–31.065 0.048 – – –

Total LN counts 1.047 1.019–1.077 0.001 – – –

pT

T2 (vs. T1) 24.000 1.852–310.999 0.015 – – –

T3 (vs. T1) 18.000 3.349–96.734 0.001 – – –
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operation even if the nodes are not enlarged because almost

half (45.5 %) of metastatic lymph nodes were of diameter

of less than 5 mm. Even though the extensive lymph node

dissection could result in fatal complications and mortality,

our data showed acceptable operative outcomes. Second,

the indications for neoadjuvant therapy must be carefully

selected. Current indication of neoadjuvant therapy in

ESCC is the presence of clinically evident lymph node

metastasis. Because the underestimation of nodal status by

PET/CT is frequent in ESCC, even if a patient exhibits no

nodal metastasis upon preoperative PET/CT and other

imaging, that patient may be a candidate for neoadjuvant

therapy if a risk factor for nodal upstaging is evident.

Finally, our work emphasizes that advances in preoperative

diagnostic imaging are required. Although visual inspec-

tion is regarded as a suitable method of analysis of PET/CT

scans obtained from ESCC patients, the diagnostic accu-

racy thereof is inadequate to allow of nodal staging. I et al.

reported that the metabolic tumor volume measured by

18F-FDG PET/CT usefully predicted pathological regional

lymph node status in esophageal cancer patients [17]. In

addition, Lee et al. found that PET/MR imaging afforded

acceptable accuracy in terms of T-staging, compared with

EUS, and, although the differences were not statistically

significant, was even more accurate than EUS and PET/CT

when used to predict the N stage [18]. PET/CT analysis

using volume-dependent parameters and a novel imaging

modality such as PET/MR imaging may, in future, improve

the accuracy of preoperative esophageal cancer staging.

This study has one limitation. Measuring more than

4000 lymph nodes was difficult, so we calculated the

LNmax, Fmax, and MOR values of metastatic lymph nodes

only. The focus of this study is actually the analysis of

pathologic characteristics of metastatic lymph nodes. This

prevented calculation of exact cut-off values for lymph

nodes detectable on PET/CT. Although we focused on

metastatic lymph nodes, we studied a homogenous group

of patients who underwent extensive mediastinal lymph

node dissection. All specimens were dissected by the 12-

surgeon before referral to the pathologist. Our clear and

consistent surgical policy combined with lymph node dis-

section is an advantage, increasing the reliability of our

data.

In conclusion, nodal upstaging was common despite

routine PET–CT scanning, which may be attributable to

fact that metastatic ESCC foci are small. Extensive medi-

astinal lymphadenectomy might be helpful in ESCC to

permit accurate pathological staging and possible locore-

gional disease clearance.
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