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Computed tomography-based distribution
of involved lymph nodes in patients with
upper esophageal cancer
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ABSTRACT

Background Delineating the nodal clinical target volume (crvn) remains a challenging task in patients with cervical
or upper thoracic esophageal carcinoma (gc). In particular, the extent of the lymph area that should be included in
the irradiation field remains controversial. In the present study, the extent of the crvn was determined based on the
incidence of lymph node involvement mapped by computed tomography (ct) imaging.

Methods Ourstudyincluded 468 patients who were diagnosed with cervical and upper thoracic Ec and who received
staging information between June 2005 and April 2011. The anatomic distribution of metastatic regional lymph nodes
was mapped using cT images and grouped using the levels established by the Radiation Therapy Oncology Group.
The probability of the various groups being involved was examined. If a lymph node group had a probability of 10%
or more of being involved, it was considered at high risk for metastasis, and elective treatment as part of the ctvn
was recommended.

Results Lymph node involvement was mapped by ¢t in 256 patients (54.7%). Not all lymph node groups should be
included in the cTvn. For cervical lesions, the involved lymph nodes were located mainly between the hyoid bone and
the arcus aortae; the recommended cTvn should consist of the neck lymph nodes at levels 111 and 1v (supraclavicular
group) and thoracic groups 2 and 3P. In upper thoracic Ec patients, most of the involved lymph nodes were distributed
between the cricoid cartilage and the subcarinal area; the crvn should cover the supraclavicular group and thoracic
nodal groups 2, 3P, 4, 5, and 7.

Conclusions Ourcr-based studyindicates a specific distribution and incidence of metastatic lymph node groups in
patients with cervical and upper thoracic ec. The results suggest that regional lymph node groups should be electively
included in the ctvn for precise radiation administration.
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BACKGROUND

The esophagus is marked by a rich network of lym-
phaticvessels that facilitate tumour spread longitudinally,

Esophageal carcinoma (Ec) is the 8th most common cancer
worldwide and the 6th most common cause of cancer-
related mortality'. Cervical and upper thoracic lesions
account for approximately 15% of all Ecs. A complicated
anatomy limits the surgical procedures that can be used
for these lesions?. Definitive radiotherapy or chemoradio-
therapy are options for advanced gc patients3. However,
delineating the nodal clinical target volume (cTvn) for EC
remains a challenging task.

radially, and to lymph nodes far from the primary tumour.
The relative risk of nodal metastases at specific nodal lo-
cations is suggested to depend on the site of the primary
tumour. The recommended elective cTvn for treatment of
upper Ec includes the supraclavicular lymph nodes and
the para-esophageal lymph nodes of the upper medias-
tinum*°. Those data are helpful for delineating the cTrvn
in radiotherapy, but technologic advances in radiation
treatment (for example, three-dimensional conformal
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radiotherapy and intensity-modulated radiotherapy) have
progressively changed such practices. Optimal conformal
radiation therapyrequires precise targetidentification and
delineation to minimize toxicity. Most surgical studies thus
farhave provided information about nodal metastasisina
certainregion (neck; upper, middle, or lower mediastinum;
abdominal area) rather thanin a specificlymph node group
in patients with ec, which might not be adequate for delin-
eatingthe crvn for conformalirradiation. We thought that
a careful choice of the nodal sites or groups to be included
in the cTvn is important when determining the precise
radiation target volume.

Several modalities—cT, endoscopic ultrasonography,
and positron-emission tomography—have been used in
diagnosing and staging ec patients®’. The mainstay for
stagingEchasbeen cT, which is commonly applied to deter-
mine the extent oflocalinvasion, lymph node malignancy,
or distant metastasis. With respect to radiation treatment,
cralso provides information about the densities of various
tissues, which is essential to obtaining dose distributions
in treatment planning systems.

In the present study, we used cT images to evaluate
the anatomic distribution of involved lymph nodes in
newly diagnosed patients with cervical and upper thoracic
ECc. We aimed to elucidate the distribution of metastatic
lymph nodes according to the Radiation Therapy Oncol-
ogy Group’s definition of lymph node groups, which could
be helpful in determining the crvn for precise radiation
therapy in patients with upper Ec.

METHODS

Patients

Between June 2005 and April 2011, more than 3000 patients
with esophageal lesions underwent ct imaging in the cT
centre of the Shandong Cancer Hospital and Institute. We
retrospectively analyzed patients who had cervical and
upper thoracic ec without distant metastasis at diagnosis.
Esophageallesions in the reviewed patients were assessed
and characterized using examinations that included
esophagography, endoscopy, ct imaging, and for some
patients, combined positron-emission tomography-ct
and endoscopic ultrasonography. Patients were excluded
if they had any history of other malignant tumours. The
institutional review board approved the study.

CT Diagnosis of Metastatic Nodes
The cervical esophagus begins at the level of the lower
margin of the cricoid cartilage and ends at the thoracic
inlet. The thoracic esophagus extends from the thoracic
inlet to the gastroesophageal junction and is subdivided
into 3 parts. On cT images, the planes through the upper
border of the suprasternal notch, the azygos vein, and the
lower left pulmonary vein serve as the anatomic borders
separating the parts. If the Ec lesion extended more than
1 cm into an adjacent segment, the patient was excluded.
Esophagography and endoscopy were performed to deter-
mine the presence, location, and length of the c lesion.
Allreviewed patients underwent dedicated neck, chest,
and upper abdominal cT imaging with contrast to assess
the extent of circumferential lymph node involvement and

the locoregional lymph node status. A slice thickness of
5 mm was used. Based on the American Joint Committee
on Cancer staging system (7th edition), a regional lymph
nodeincludes any para-esophageal lymph node extending
from the cervical lymph nodes to the celiac lymph nodes.
Lymph nodes were classified into groups according to the
mapping system for Ec proposed by the Radiation Therapy
Oncology Group®9.

In thoracic malignant disease, most cT studies have
recorded the short-axis diameter of nodes, because that
measurement is the most reproducible®”1?, In our cT centre,
lymph nodes with ashort-axis diameter greater than 10 mm
in ECc images are generally considered to be metastatic.
Other criteria, including the nodal enhancement pattern,
the number of nodes, extranodal tumour extension, and the
presence of necrosis are also used to assess nodes.

RESULTS

Our study identified 97 patients with cervical Ec and 371
patients with upper thoracic ec without distant metasta-
sis. Of those patients, 84% had a histologic diagnosis of
squamous cell carcinoma, and 16% were diagnosed with
nonspecific carcinoma. At diagnosis, 256 patients (54.7%)
showed regional lymph node involvement on cT imaging,
including 51 with cervical ec and 205 with upper thoracic
Ec. Therates of metastaticregional node involvement were
52.6% and 55.3% for cervical and upper thoracic Ecrespec-
tively. In those patients, the number of the affected lymph
node groups ranged from 0 to 7 (median: 1). Table 1 shows
the clinical characteristics of the patients.

TABLE I  Characteristics of the study patients

Characteristic Location of EC lesion

Cervical Upper thoracic

Patients (n) 97 371
Sex (n)

Men 81 282

Women 16 89
Age (years)

Median 58 60

Range 37-83 36-85
Histologic grade (n)

| 33 76

1l 45 154

1 12 71

NOS 7 70
Length (cm)

Median 3.5 4

Range 1.5-5.5 1.5-7.5
Clinical stage (n)

T1-3 79 299

T4 18 72

NO 46 166

N+ 51 205

EC = esophageal cancer; NOS = not otherwise specified.
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Distribution of Involved Lymph Node Groups

First, we assessed the regional distribution (neck, me-
diastinum, and abdomen) and incidence of lymph node
metastasis. For patients with cervical Ec, the proportions
of lymph node involvement in the neck (levels 11, 111, and
the supraclavicular lymph nodes) was 39.2%; in the upper
mediastinum (groups 2-6), 38.1%; in the mid- to lower
mediastinum (groups 7-10), 3.1%; and in the abdominal
cavity (groups 15-20), 2.1%. For patients with upper tho-
racic ec, the percentages were 21.8%, 49.3%, 16.7%, and
3.2% respectively [Table 11, Figure 1(A,B)].

We further evaluated in detail the lymph node involve-
ment frequency for eachlymph node group. In patients with
cervical lesions, the lymph node spread affected mainly
the neck lymph nodes (14.43% at level 111 and 30.9% in the
supraclavicular group) and also those at the highest level
inthe upper mediastinum (above the arcus aortae: 11.34%

TABLE 1l Distribution and incidence of involved lymph nodes, by
region

Patients [n (%)]
with EC lesion

Lymph node region

Cervical Upper
(n=97) thoracic

(n=371)
Neck (levels Il and lll and group 1) 38 (39.2) 81 (21.8)
Upper mediastinum (groups 2—6) 37 (38.1) 183 (49.3)
Mid- to lower mediastinum (groups 7-10) 3@3.1) 62 (16.7)
Abdomen (groups 15-20) 2(2.1) 12 (3.2)

EC = esophageal cancer.

FIGURE 1 Regional distribution and incidence of lymph node metas-
tasis for (A) cervical and (B) upper thoracic esophageal carcinoma. N =
neck; U-M = upper mediastinum; ML-M = middle-lower mediastinum;
A = abdomen.

in group 2 and 23.7% in group 3P). The lower paratracheal
(8.3%), aortopulmonary (8.3%), anterior mediastinal
(7.2%), subcarinal (3.1%), and lower mediastinal (0%)
groups were less frequently affected [Figure 2(A)]. Among
patients with upper thoracic Ec, the peri-esophageal
(39.1%) and supraclavicular (20.5%) groups showed the
highestinvolvement. Involvement rates were 13.8%, 12.1%,
and 17.5% for groups 2, 4, and 5 respectively. Lymph node
involvement was less frequent in the subcarinal area
(12.9%), the middle-lower mediastinal group (3.2%), and
the abdominal group (3.2%). The probabilities for involve-
ment of the upper-neck lymph nodes (2.2%) and the ante-
rior mediastinal group (5.7%) were also lower [Figure 2(B)].
Table 111 shows the full results.

Suggested CTVn for Cervical and Upper Thoracic EC
In the present study, when the probability of a lymph node
group being affected bynodal metastasis was 10% or greater,
werecommended that group’s elective inclusionin the ctvn.
For the cervical esophagus, the elective node groups should
include level 111, the supraclavicular group, and thoracic
groups 2 and 3P [Figure 2(A)]. For the upper thoracic esopha-
gus, elective treatment should cover the supraclavicular
group and thoracic groups 2, 3P, 4, 5, and 7 [Figure 2(B)].

DISCUSSION

Together with surgery and chemotherapy, radiotherapy
represents a main treatment modality for Ec. The central
aim of the present study was to use cT data to characterize
involved lymph node distribution, and to use that evidence
to suggest contours that could potentially reduce the crvn.

Most studies report that the neck and upper medias-
tinum are the regions most commonly affected by nodal
metastasis in patients with upper ec!'-13, The present study

r

(B)

FIGURE 2 Distribution and incidence of involved lymph node groups
for (A) cervical and (B) upper thoracic esophageal carcinoma. In cervical
lesions, nodal spread occurs mainly in the neck group and the highest
mediastinum (above the arcus aortae)—that is, the cervical lymph nodes
of levels Il and Il and groups 1-3. In upper thoracic lesions, involvement
is confined mainly to the nodes between the supraclavicular level and the
subcarinal area (groups 1-5 and 7). CX = neck nodes of levels Il and IIl.
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TABLE Il Distribution and incidence of involved lymph node groups,
by RTOG classification

Node Description Patients [n (%)]
classification with EC lesion
Cervical Upper
thoracic
Level Il Upper jugular 1(1.0) 0
Level Il Middle jugular 14 (14.4) 8(2.2)
Group 1 Supraclavicular 30(30.9) 76 (20.5)
Group 2 R/L Upper paratracheal 11(11.3) 51 (13.7)
Group 3P Posterior mediastinal 23(23.7)  145(39.1)
(upper para-esophageal)
Group 4 R/L Lower paratracheal 8 (8.2) 45 (12.1)
Group 5 Aortopulmonary 8 (8.2) 65 (17.5)
Group 6 Anterior mediastinal 7 (7.2) 21 (5.7)
Group 7 Subcarinal 3.1 48 (12.9)
Group 8 Middle para-esophageal 0 10 (2.7)
Group 9 Pulmonary ligament 0 2 (0.5)
Group 10 R/L Tracheobronchial 0 8(2.2)
Group 15 Diaphragmatic 0 0
Group 16 Paracardiac 0 2 (0.5)
Group 17 Left gastric arterial 2(2.1) 10 (2.7)
Group 18 Common hepatic arterial 0 0
Group 19 Splenic arterial 0 0
Group 20 Celiac 0 0

RTOG = Radiation Therapy Oncology Group; EC = esophageal cancer;
R/L = right or left.

also demonstrates a correlation between regional lymph
node involvement and primary tumour location. In par-
ticular, for cervical Ec, the most common area of nodal
metastasis is the neck (39.2%), followed by the upper me-
diastinum (38.1%), the mid- to lower mediastinum (3.1%),
and theabdominal cavity (2.1%). For upper thoraciclesions,
the proportions of lymph node metastasis were 21.8%,
49.3%, 16.7%, and 3.2% for the neck, upper mediastinum,
mid- tolower mediastinum, and abdominal cavity respec-
tively. Those data are similar to findings reported in other
surgical studies. In a cohort of upper Ec patients receiving
esophagectomy with 3-field lymph node dissection, Jang
etal.?reported that the nodes of the mediastinum (74.2%)
were most commonly affected, followed by the cervical
lymph nodes (46.2%) and the abdominal lymph nodes
(24.7%).In addition, Huang et al.'® reported that the rate of
lymph node metastasis in patients with upper thoracic tu-
mours was 16.7% for cervical, 38.9% for upper mediastinal,
11.1% for middle mediastinal, 5.6% for lower mediastinal,
and 5.6% for abdominal lymph nodes.

Metastatic rates forlymph nodes varyin different stud-
ies. Onereason for that variation could be the difference in
T stage (depth of tumour invasion) of the primary tumour.
It was reported that the positivity rate for locoregional
nodes increases from 0% for intra-epithelial tumours to
31%-56% for T1b, 58%—-78% for T2, 74%-81% for T3, and
100% for T4 tumours'4-16,

To achieve an accurate crvn contour, we assessed the
distribution of the involved lymph node groups in detail.
In our study, lymph node metastasis in patients with cer-
vical lesions was found mainly in the cervical node group
and the upper mediastinum. However, very little nodal
involvement was observed for the groups below the arcus
aortae. Reports of neck node metastasis from cervical Ec
are rare. Hirano er al.'” found that mediastinal metasta-
ses were more frequent in patients with disease in which
cervical Ec advances to the upper thoracic esophagus
than in patients with cervical ec. In that study, the para-
esophageal nodes (23.8%) were most frequently affected,
followed by the paratracheal nodes (4.8%). No metastases
below the tracheal carina were found in the cervical Ec
group. Guidelines from the U.S. National Comprehensive
Cancer Network® recommended that the supraclavicular
nodes and the even higher-echelon cervical nodes should
undergo elective treatment in cervical ec. Our data show
that, besides the cervical nodes, the highest mediastinal
lymph nodes were also most commonly affected by nodal
metastasis. The inferior border of the target volume should
therefore be at the upper rim of the arcus aortae.

For upper thoracic Ec, our data show that the supra-
clavicular lymph nodes should be included at the superior
border of the target volume, and the subcarinal lymph nodes
at the inferior border. Other lymph node groups located
between the superior and inferior borders should also be
included in the irradiation target volume. However, the
anterior mediastinal group is less likely to be affected. Al-
though we found subcarinal lymph node metastasis to be
highly prevalent (12.9%), the lower mediastinal (3.2%) and
abdominal (3.2%) groups were less frequently affected. Simi-
lar data were found in surgical studies. Jang et al.'? also found
thatsubcarinal lymph node metastasisis presentin 15.1% of
patients with upper ec. The recurrentlaryngeal lymph node
chainswere the onesreported to be most commonly affected
bynodal metastasis. The prevalence of cervical lymph node
involvementis also high in surgical patients receiving 3-field
dissection. In addition, a correlation between recurrent
laryngeal and supraclavicular lymph node metastasis was
observed, especially in upper thoracic c'?18.

It is difficult to accurately define the radiotherapeutic
crvbecause the lymph node metastasis rate and the affected
node groups vary greatly in patients with Ec. The inclusion
ofalllymphnode groupsin theirradiation field could lead to
better outcomes, butit could also increase treatment-related
toxicity. In our study, alymph node group with a probability
of 10% or more of being involved was recommended for
elective treatment in the ctvn. Our data show that not all
lymph node groups in a region should be included in the
crvn. For example, the anterior mediastinal group was less
frequently affected in both cervical and upper thoracic Ec.
Node groups4, 5,and 7 should notbe included in the elective
areafor cervical Ec. However, frequent node involvement in
the subcarinal group was observed in upper thoracic ec. Our
data show that, for patients with cervical c, the crvn should
include the necklymph nodes atlevel 111, the supraclavicular
group, and the thoracic lymph node groups 2 and 3P (upper
thoracic and para-esophageal respectively). The supracla-
vicular and thoracic node groups 2, 3P, 4, 5, and 7 should be
included in the ctvn for patients with upper thoracic Ec.
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Our data detail the distribution of high-risk node groups,
which can potentially be used to reduce the target volume
that must be irradiated.

Our study has some limitations. First, our findings
are based on an interpretation of cT imaging and not on
pathology assessments. Microscopic disease can occur in
normal-sized lymph nodes, and lymph node enlargement
canbe caused by benign conditions, limiting the accuracy
of ct forinterpreting nodal involvement in Bc to 39%—85%!°.
In addition, according to a meta-analysis, ct showed 0.50
sensitivity and 0.83 specificity for determining regional
lymph node metastasis in thoracic tumours'®. Second, our
study focused on the affected groups (areas) of metastatic
lymph nodes rather than on the number of affected lymph
nodes. Surgical evaluations have reported that the num-
ber of metastatic lymph nodes is a prognostic factor for
EC patients. However, the prognostic value of the affected
node groups remains controversial. In addition, our study
observed only the distribution of metastatic lymph nodes.
In fact, elective nodal irradiation should consider tumour
T stage, histology, and tumour length, among other fac-
tors!®>16. Despite those limitations, cT is an important and
common tool for Ec care in nonsurgical patients. In com-
bination with other tools, the clinical staging and target
volume can be more precisely determined for Ec.

CONCLUSIONS

Safe use of precise radiotherapy to prevent regional lymph
node metastasis depends on accurate identification of the
crvn. We used cTimaging to create a probability map that
sets out the incidence of nodal involvement by anatomic
group in upper Ec patients. Our data could be helpful in
refining the crvn and might resultinimprovements to the
target contour during radiation treatment, with decreased
treatment-related toxicity.
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