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Abstract

Background. In esophageal cancer, lymphatic spread oc-
curs more frequently and at an earlier stage than in other
gastrointestinal cancers, and both preoperative and intra-
operative diagnoses of lymph nodes metastases are some-
times incorrect. Our objective was to measure the sizes of
lymphatic metastases and to examine the accuracy of clini-
cal diagnosis of lymphatic spread in patients with squamous
cell carcinoma of the esophagus.

Methods. The sizes of 320 metastatic lymph nodes of 9254
dissected nodes from 92 consecutive esophagectomy pa-
tients over 1 year were measured and compared with the
sizes of the actual metastases within the nodes. These data
allowed investigation of the correct rate of preoperative
diagnosis of lymph node metastasis.

Results. The mean diameter of the metastases was 4.8 mm,
which was significantly smaller than that of the involved
lymph nodes. Among the metastatic lymph nodes, 37.2%
were less than 5Smm in diameter, and 63.1% of the metas-
tases were less than 5mm in diameter. The true-positive and
true-negative diagnosis rate for all lymph node stations in
three fields (neck, thorax, and abdomen) was only 23.2%,
and the false-negative rate for diagnosis of lymph node
metastasis was 53.7%.

Conclusions. Two-thirds of involved lymph nodes had very
small metastases (<Smm), suggesting that limited confi-
dence should be placed in the preoperative diagnosis of
lymphatic spread. Therefore, extensive lymph node dissec-
tion appears appropriate in esophageal cancer surgery, giv-
en the small sizes of many metastases and the difficulty with
preoperative diagnosis.
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Introduction

Esophageal carcinoma has fulminant biological character-
istics and shows a higher rate of lymph node metastasis than
other gastrointestinal malignancies [1]. Lymph node metas-
tasis has been recognized as a predictive factor for progno-
sis of esophageal cancer, and the number of metastatic
lymph nodes is thought to be one of the most powerful
predictors of prognosis [2]. Accordingly, accurate diagnosis
of lymph node metastasis in patients with esophageal cancer
is essential for correct preoperative staging and for selecting
a proper treatment modality. Various methods can be used
for detection of lymph node metastases in esophageal can-
cer, including computed tomography (CT), ultrasonogra-
phy (US), endoscopic ultrasonography (EUS), and positron
emission tomography (PET). However, it is sometimes dif-
ficult to diagnose lymph node metastasis accurately before
pathological examination, even with use of the most ad-
vanced imaging methods. Furthermore, misdiagnosis of a
metastatic lymph node as normal and vice versa may even
occur during surgery.

Patients with esophageal cancer with a depth of tumor
invasion of submucosal or deeper based on preoperative
examination are considered to have “advanced esophageal
cancer,” and we have uniformly performed thoracic esopha-
gectomy with so-called three-field systematic lymph node
dissection as the standard surgery for these patients. Three-
field dissection involves extension of en bloc lymph node
dissection throughout the cervical, thoracic, and abdominal
fields [3], and this operation allows sufficient and reliable
information to be obtained regarding lymphatic spread. The
objective of the current study was to measure the actual
sizes of metastases in involved lymph nodes, to assess the
accuracy of preoperative clinical diagnosis of lymphatic
spread, and to use this information to propose a reliable and
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curative surgical procedure for patients with squamous cell
carcinoma of the esophagus.

Methods
Study design

The study was conducted at a single teaching hospital at
which almost 100 esophagectomies are performed each
year. Eligible patients had histologically proven squamous
cell carcinoma of the thoracic esophagus and a depth of tu-
mor invasion that was preoperatively diagnosed as submu-
cosal or deeper; this included patients who had resectable
cervical or abdominal lymph nodes suspected to be associ-
ated with the tumor, but did not have unresectable local
disease. Exclusion criteria were previous esophageal sur-
gery, concurrent multiple cancers elsewhere, and age more
than 90 years old. Eligible consecutive patients treated in
the year 1999 were enrolled in the study: in this year, 92
esophagectomies were performed and 320 lymph nodes
were proven to have metastasis among a total of 9254 dis-
sected nodes. The mean age of the patients was 64 years
old, and there were 80 men (87.0% ) and 12 women (13.0%);
the distribution of the depth of tumor invasion is summa-
rized in Table 1. The dissected lymph nodes were prepared
and classified immediately after the operation by the sur-

Table 1. Distribution of depth of tumor invasion

Tumor depth T1 T2 T3 T4

Number of patients 31 14 41 6

Fig. 1. Precise classification and
station numbers of regional
lymph nodes according to the
Japanese Guidelines on Carcino-
ma of the Esophagus

geons who performed the esophagectomy. The classifica-
tion was made according to the Japanese Guidelines for
Clinical and Pathologic Studies on Carcinoma of the Esoph-
agus [4] (Fig. 1), which provide a more detailed lymph node
classification than the AJCC Cancer Staging Manual [5].
The accurate location of each lymph node was recorded,
and the nodes were delivered to the pathology department
with precise information sheets regarding their stations.
The final pathological diagnosis of lymph node metastasis
was compared with the preoperative clinical diagnosis to
determine the accuracy of preoperative diagnosis for each
lymph node station. The diameters of all metastatic lymph
nodes and the actual sizes of the metastases in these nodes
were then measured microscopically. Using these data, the
extent of the metastatic area in each lymph node was cal-
culated as the “metastasis occupational rate” for each lymph
node, using the following formula: metastasis occupational
rate = (mean diameter of metastasis/mean diameter of met-
astatic lymph node) .

The preoperative diagnostic workup for lymph node me-
tastasis comprised endoscopic ultrasonography (EUS), ex-
ternal ultrasonography (US) of the neck and abdomen, and
computed tomography (CT) from the neck to the lower
abdomen; positron emission tomography (PET) was also
performed when indicated. Before surgery, written in-
formed consent for esophagectomy with three-field lymph
node dissection was obtained from all patients.

Surgical procedures and pathological examination

The operations were performed by two surgeons (M.T. and
Y .K.) using the same surgical procedure. The thoracic duct,
azygos vein, pleura, and all the periesophageal tissues in the
mediastinum were dissected en bloc. While directly viewing

101: Cervical paraesophageal lymph nodes

102 Deep cervical lymph nodes

104: Supraclavicular lymph node

105 Upper thoracic paraesophageal lymph nodes
106-rec: Recurrent nerve lymph nodes

106-thl:  Left tracheohronchial lymph nodes
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the right and left recurrent laryngeal nerves, the upper me-
diastinal lymph nodes (including the nodes along each re-
current laryngeal nerve) were completely cleared. The
bilateral paratracheal lymph nodes, subcarinal and bilateral
hilar lymph nodes, posterior mediastinal lymph nodes adja-
cent to the descending aorta and left pleura, and diaphrag-
matic lymph nodes were then dissected en bloc (see Fig. 1).
The lymph nodes in the aortopulmonary window (left tra-
cheobronchial nodes) were dissected separately. For the
abdominal procedure, after upper midline laparotomy, en
bloc dissection of lymph nodes was performed along the
cardia, lesser curvature, left gastric artery, celiac axis, com-
mon hepatic artery, and splenic artery. The left gastric ar-
tery was cut at its origin. Along with all these dissected
lymph nodes, 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. The extent of abdominal lymph node dissection
was the same as that for D2 lymph node dissection in gastric
cancer surgery [6]. For the neck, a collar incision was made
and the middle deep cervical and supraclavicular lymph
nodes were removed en bloc (102 and 104 in Fig. 1). The
lymph nodes were then removed along the cervical recur-
rent laryngeal nerve, which is located between the common
carotid artery and the trachea (101 in Fig. 1).

In the pathological examination, each lymph node was
cut along its maximum diameter and stained with hema-
toxylin and eosin. Detection of metastasis was performed
by pathologists working under the supervision of a senior
gastroenterological pathologist. For all positive lymph
nodes detected in 1999, we measured the longer and shorter
diameters of the entire lymph node and the actual sizes of
the metastatic lesions under a microscope.

Criteria for preoperative diagnosis of lymph node
metastasis

Lymph nodes were judged to be metastatic when the largest
diameter was >10mm, the shape of the node was round, the
internal CT density or US echogenicity was homogeneously
low, and the margin of the node was clear. The same criteria
were used for cervical lymph nodes, except that the require-
ment for the diameter was set at greater than Smm [7,8].

A CT was obtained after an infusion of 150ml nonionic
contrast with 5-mm-thick slices from neck to lower border
of bilateral kidneys. Patients underwent ultrasonography
examination, and images were obtained at 3.5MHz in the
abdomen and 5.0MHz in the neck.

Statistical analysis

A chi-square test or analysis of variance (ANOVA) was
used to compare categorical data, and Student’s ¢ test was
used for continuous variables. The SPSS program (SPSS
Inc.) was used for all analyses. All reported p values are two
sided, and P < 0.05 was considered to indicate statistical
significance.

191

Results
Rate of metastasis and number of metastatic nodes

Twenty-six patients had no lymph node metastases and 66
had at least one metastatic lymph node, giving a 71.7% rate
of lymphatic metastasis. This rate increased with the depth
of tumor invasion: 47.8%, 64.7%, 82.4%, and 85.7% for
pT1, pT2, pT3, and pT4 tumors, respectively. The mean
number of dissected lymph nodes per patient was 111, with
an average of 42 in the neck, 37 in the mediastinum, and 32
in the abdomen. The mean number of metastatic lymph
nodes was 1.2 in the neck, 2.0 in the mediastinum, and 1.5
in the abdomen.

Size of lymphatic metastases

The mean largest diameter * standard deviation (SD) of
the metastatic lymph nodes was 7.0 + 4.7mm, the median
size of the metastatic lymph nodes was 6.0mm, and the
mean largest diameter of the actual metastases in the in-
volved nodes was 4.8 + 4.1 mm. The mean diameter of the
metastases was significantly smaller than that of the in-
volved nodes (P < 0.0001, Student’s ¢ test) (Fig. 2A). The
size distributions of the largest diameters of the metastatic
lymph nodes and the metastatic lesions in the involved
nodes are shown using 1-mm intervals in Fig. 2B,C. There
were 119 metastatic lymph nodes with a largest diameter
less than Smm, corresponding to 37.2% of all metastatic
nodes (Fig. 2B), and metastatic lesions of less than Smm in
largest diameter were found in 202 (63.1%) of the 320 meta-
static lymph nodes (Fig. 2C).

The sizes of the metastases were also analyzed according
to tumor depth and AJCC-TNM stage [S]. The mean
diameters of the metastases were 4.4, 4.7, 4.9, and 4.6 mm
for pT1, pT2, pT3, and pT4 tumors, respectively; there
was no significant difference in size with respect to the
depth of tumor invasion (P = 0.92). Based on the TNM
stages as defined in the American Joint Committee on Can-
cer (AJCC) staging manual (5th edition) [5], the mean di-
ameters of the metastases were 4.2, 4.4, 4.1, and 5.1 mm
for stages 2B, 3, 4A, and 4B, respectively; there was also
no significant difference in size among these stages
(P =0.88).

Metastasis occupational rate in lymph nodes

A scatter plot of the “metastasis occupational rate” of each
lymph node according to the largest diameter of the lymph
node is shown in Fig. 3. The mean metastatic occupation
rate per lymph node was 0.51 £ 0.31, and the mean rates for
lymph nodes with a largest diameter below and above
10mm were 0.48 and 0.61, respectively. There was a signifi-
cant difference in metastasis occupational rate between
small and large lymph nodes (P = 0.002).
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Accuracy of preoperative diagnosis of lymphatic spread

The accuracy rate in preoperative diagnosis of lymph node
metastasis is shown in Fig. 4. For each lymph node station,
the true-positive and true-negative diagnostic rates were
85%-94% in the cervical field (Fig. 4A), 79%-86% in the
thoracic field (Fig. 4B), and 78%-86% in the abdominal
field (Fig. 4C). The false-negative and false-positive diag-
nostic rates for metastatic lymph nodes are also shown in
Fig. 4. A strict assessment of the success of preoperative
diagnosis of lymphatic spread requires that a diagnostic
failure at any lymph node station should be judged as a
misdiagnosis. According to this strict criterion, the true
positive and negative rates for lymphatic spread were 71.3%
in the cervical field, 42.0% in the thoracic field, and 57.9%
in the abdominal field. Application of this criterion reduced
the true-positive and true-negative rate for all lymph node
stations in the three fields to 23.2%. The false-negative rates
for lymph nodes metastases were 13.9% in the cervical field,
35.6% in the thoracic field, 33.5% in the abdominal field,

and 53.7%
criterion.

across the three fields based on the strict

From analysis of the false-negative and false-positive
rates of lymph node metastasis, we found that the ratio of
false-negative to false-positive results differed among the
three fields (Fig. 4A—C). This ratio ranged from 0.073 to 1.0



~Cervical Field~

Fig. 4. True-positive and true-negative and false-negative and false-
positive clinical diagnostic rates for lymph node metastasis at each re-
gional lymph node station: cervical field (A); thoracic field (B);
abdominal field (C)

in the cervical field, from 0.36 to 1.7 in the thoracic field,
and from 0.42 to 5.7 in the abdominal field.

Discussion

In esophageal cancer, the clinical stage sometimes differs
from the pathological stage [9], and one of the reasons for
inaccurate preoperative staging is that correct clinical diag-
nosis of lymphatic spread is not always possible [10]. The
data presented here indicate the accuracy with which lymph
nodes metastasis can be predicted in patients with esopha-
geal cancer, using the latest diagnostic techniques. For
diagnosis at each lymph node station the true-positive
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~Thoracic Field~

True Positive &
True Negative

. False Negative % False Positive

and true-negative diagnostic rate ranged from 78% to
94%, which appears to be fairly good. For diagnosis based
not on individual lymph node stations, but more strictly as
a field diagnosis per patient (i.e., a requirement that all
stations in a field are correctly diagnosed), the cervical
field was still correctly diagnosed in 75% of patients as a
result of the precision of external and endoscopic ultraso-
nography [11,12]. However, a correct diagnosis in the
thoracic or abdominal field was only obtained in half
the patients [13], and the true-positive and true-negative
diagnostic rate (indicating a completely correct diagnosis
over the three fields) was only 23.2%. Based on these re-
sults, only limited confidence can be placed in the preopera-
tive diagnosis of lymph nodes metastasis or in TNM
staging.
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One of the reasons for the poor diagnostic rate of lym-
phatic spread in esophageal cancer is the small size of the
actual lymph node metastases. The average size of the larg-
est diameter of the lymph node metastases in our esopha-
geal cancer patients was only 4.8 mm (see Fig. 2A), and in
many cases the metastasis was significantly smaller than the
involved lymph node; this is problematic, because only the
whole node can be assessed preoperatively. An analysis of
the size distributions for the whole metastatic lymph nodes
and the actual lesions showed that almost one-third of met-
astatic nodes (37.2%) had a diameter of less than 5mm (Fig.
2B) and nearly two-thirds of all metastatic nodes (63.1%)
contained lesions that were less than 5Smm in diameter (Fig.
2C). In such cases, precise diagnosis of lymph node metas-
tasis before surgery is likely to be difficult using conven-
tional radiographic or ultrasonographic examination, and
many small metastases may be missed by current diagnostic
methods. It is still difficult to diagnose small lymph node
metastases of less than Smm in diameter using functional
imaging such as PET [14]. However, most lymph nodes
more than 1cm in diameter should be suspected of contain-
ing metastases [15].

Our data revealed another clinically important problem
in preoperative diagnosis of lymph node metastasis: the
average percentage area occupied by the metastasis in small
lymph nodes with a largest diameter of less than 10mm is
significantly lower than that in lymph nodes with a largest
diameter of more than 10mm (see Fig. 3). Furthermore, we
often found a minute metastatic lesion in a small lymph
node of a few millimeters in diameter (Fig. 5). In small
nodes, which are the majority of metastatic lymph nodes,
diagnosis of metastasis is therefore very difficult, not only
because the lymph nodes are small in diameter, but also
because the area occupied by the metastasis is likely to be
small. Therefore, although the number of involved nodes is
a powerful prognostic factor, it is very difficult to determine
the correct number of metastatic nodes preoperatively [6—
18]. The clinical meaning of the size of a lymphatic metas-
tasis also remains uncertain: sizes were independent of the
depth of tumor invasion, and we were unable to find a re-
lationship between the sizes of lymphatic metastases and
cancer stage. Overall, these results suggest that preopera-
tive diagnosis of lymphatic spread should be interpreted
with care. Furthermore, in intraoperative complete dissec-
tion of possible lymph nodes, care should be taken not to
leave residual small metastatic lymph nodes, and wide and
systematic lymph node dissection surgery is recommended
from a relatively early stage, such as submucosal cancer or
TNM stage 2B, as well as in advanced cases.

The diagnostic results for lymphatic spread were better
in the cervical field than in the abdominal field, because the
latest ultrasonography devices allow identification of min-
ute lymph nodes in the cervical field [12]. However, ultra-
sonographic diagnosis of minute lymph node metastases in
the abdominal field is less certain because of the poor condi-
tions for examination. Both metastatic size and accuracy of
the diagnostic tools influence the diagnostic rate. Conven-
tional imaging methods for detection of lymph node metas-
tasis depend on analysis of factors such as size, shape, and

Fig. 5. A small metastatic lymph node: the arrow shows a minute me-
tastasis occupying part of the node

the internal structure of the nodes. However, as shown in
this study, these diagnostic methods have a limited ability
to detect lymphatic spread in patients with esophageal can-
cer [19]. Therefore, at present, wide and systematic lymph
node dissection may be preferable in esophageal cancer
surgery at high-volume centers, considering the high rate of
lymphatic spread, the low correct preoperative diagnostic
rate, and the small size of lymph node metastases. To indi-
vidualize therapeutic methods and minimize the morbidity
of treatment for esophageal cancer, it will be necessary to
increase the accuracy of functional imaging methods such
as PET, or to develop new functional diagnostic tools for
detection of small lymphatic spread in this disease.
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