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Purpose: To determine the differences in supraclavicular lymph node metastasis between esophageal
cancer (EC) and nasopharyngeal cancer (NPC) and explore the feasibility of differential supraclavicular
clinical target volume (CTV) contouring between these two diseases based on the involvement of differ-
ent fascial spaces.
Materials and methods: One hundred patients with supraclavicular nodes positive for EC or NPC were
enrolled, and their pre-treatment images were reviewed. The distribution patterns of nodes between
the two diseases were compared in the context of node levels defined by the 2017 Japanese
Esophageal Society and 2013 International Consensus on Cervical Lymph Node Level Classification.
Grouping supraclavicular nodes based on sub-compartments formed by the cervical fascia was discussed,
and the feasibility of differential CTV contouring based on the differences in the involvement of these
sub-compartments between EC and NPC was explored.
Results: The 2013 Consensus on cervical node levels and 2017 Japanese Esophageal Society node station
could not practically guide supraclavicular CTV contouring. We divided the supraclavicular space into six
sub-compartments: the para-esophageal space (PES), carotid sheath space (CSS), sub-thyroid pre-trachea
space (STPTS), pre-vascular space (PVS), and vascular lateral space (VLS) I and II. EC mainly spread to the
PES, STPTS, CSS, and VLS I, whereas NPC tended to spread to the CSS, VLS I, and VLS II. These combinations
of sub-compartments may help constitute the supraclavicular CTVs for EC and NPC.
Conclusions: The fascia anatomy-based sub-compartments sufficiently distinguished metastasis to the
supraclavicular space between EC and NPC, thus facilitating differential CTV contouring between these
two diseases.
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The supraclavicular region is unique; it can show the involve-
ment of malignancies from the head and neck as well as the thorax
and lower body [1]. The lymph flow of the entire body converges
into the thoracic duct at the left neck and the lymphatic duct at
the right neck and finally empties into the venous system in this
region. Thus, metastatic cells in enlarged lymph nodes in this
region can be disseminated from any site of the body. For head
and neck, upper esophageal, and breast cancers, the supraclavicu-
lar region is an integral part of the nodal clinical target volume
(CTV) for prophylactic purposes. Studies on lymph node distribu-
tion in this region for individual malignancies have been reported,
and proposals for CTV contouring have been made by independent
authors [2–6].However, to date, no comparative study has
attempted to discuss the differences in the nodal spread pattern
in this region among different cancers and the pathophysiological
basis underlying these differences.

The cervical fascia is a thin layer of fibrous connective tissue
that separates the muscles and organs of the neck into different
compartments [7–9]. Its development can be traced back to weeks
6–12 of the embryonic stage [10–12]. Although the terminology
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Supraclavicular CTV contouring for esophageal and nasopharyngeal cancer
and detailed histological analyses of cervical fascia are still devel-
oping [13,14], its importance in understanding disease spread
and the rationale for the surgical procedure has been well recog-
nized. The cervical lymph nodes are closely related to the anatomy
of the cervical fascia. Deep cervical lymph nodes are lined in the
compartment formed by the superficial and deep layers of deep
cervical fascia (DCF). We have previously reported that the bound-
aries of level IIb CTV of nasopharyngeal cancer (NPC) can be deter-
mined on the basis of the anatomical landmarks of this
compartment at the upper neck [15]. In the supraclavicular region,
this lymph node-containing compartment can be further divided
into several sub-compartments by the carotid sheath and visceral
fascia that encompasses the central line organs (the esophagus,
thyroid, and trachea). Lymph flow from above and beneath the
clavicle may involve these sub-compartments differentially, which
may lead to differences in the enrollment of these sub-
compartments into CTV coverage.

In this study, we sought to explore the spatial relationship
between lymph node distribution and these sub-compartments
and attempted to provide explanations for the distinctions among
different malignancies from the perspective of the lymph drainage
pathway and cervical fascia anatomy. We used esophageal cancer
(EC) and NPC as representative malignancies of the lower neck/
thorax and upper neck, respectively. Both malignancies show a
high frequency of supraclavicular metastases.
Material and methods

Patients and images

This study was approved by the Ethics Committee of Sichuan
Cancer Hospital (SCH; approval number: SCCHEC-02–2022-03).
The requirement for individual consent for this retrospective anal-
ysis was waived. Images of consecutive patients histologically
diagnosed with EC or NPC in 2020 at SCH were retrospectively
reviewed by ZS, YN, and RJ until 100 cases each of EC and NPC with
positive lymph nodes in the supraclavicular region were identified.
The cranial edge of the supraclavicular region is defined as the cau-
dal border of the cricoid bone, and the caudal edge is defined as the
level at which the subclavian vein (SCV) converges into the internal
jugular vein (IJV). Patients with previous treatment and syn-
chronous secondary malignancies were excluded from the study.
The criteria for positive nodes were as follows: 1) short
diameter � 10 mm; 2) short diameter < 10 mm but significantly
responsive to treatment (maximum diameter reduced by half); 3)
node at the peri-esophageal space (between the carotid sheath
and esophagus/bronchus) with a short diameter � 5 mm; and 4)
three or more clustered lymph nodes, with a maximum short
diameter � 8 mm [16]. Cervical EC and thoracic EC with cervical
extension were excluded because lymph drainage of these tumors
may involve both the thoracic and cervical lymph networks. We
also excluded patients with NPC without level II or III metastasis
even if they had enlarged supraclavicular nodes because ‘‘skipped”
cervical metastasis is rare in NPC [5]. Pre-treatment contrast-
enhanced computed tomography (CT) and magnetic resonance
(MR) images were used for node distribution analysis. The proto-
cols for image acquisition have been described previously [15].
Analysis of the distribution patterns of lymph nodes according to the
node level defined by the 2013 international consensus and 2017
Japanese esophageal society

To account for any potential spread, positive nodes as well as
other nodes � 3 mm (equal to the slice thickness of axial CT and
MR images) were marked to provide a full picture of node distribu-
tion in the supraclavicular region, and all nodes were further cate-
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gorized into 3–8 mm, 8–10 mm, and > 10 mm groups based on the
risk of involvement. On the basis of their spatial relationship to the
adjacent organs, including the blood vessels, esophagus, trachea,
thyroid, and scalene muscles, nodes were mapped as representa-
tive small circles with a 3 mm diameter to a template simulative
CT for head and neck cancer. The position of the geometric center
of each node was determined under consensus by ZS, YN, and RJ.

Both the 2013 International Cervical Node Level Consensus and
2017 Japanese Esophageal Cancer Diagnosis and Treatment Guide-
lines have defined node levels (stations) of the supraclavicular
region from the perspective of head and neck cancer and EC,
respectively [17–19]. To validate the practical value of these sys-
tems in guiding CTV contouring, the distribution of lymph nodes
within each node level defined by the 2013 Consensus and 2017
Japanese Esophageal Society (JES) was analyzed, and the node
numbers within each level were calculated.
Definition of supraclavicular sub-compartments on the basis of fascial
anatomy and lymph node distribution pattern and proposal of nodal
CTV delineation for EC and NPC

The literature on cervical fascial anatomy was carefully
reviewed. Several sub-compartments within the supraclavicular
region have been proposed according to the spatial relationship
between fasciae and cervical structures in the supraclavicular
region. The frequency of the nodes plotted within these sub-
compartments was calculated. Individual sub-compartments were
evaluated as a CTV component based on the nodal involvement
risk for EC and NPC. Thus, different CTV coverages would be deter-
mined based on different sub-compartment combinations.
Results

Clinical characteristics of the patients

Pre-treatment images of 944 patients with NPC and 620
patients with EC admitted in 2020–2021 were reviewed until
100 cases with positive supraclavicular nodes were collected. Thus,
the incidence of supraclavicular metastasis for NPC and EC could be
estimated as 10.6 % and 16.1 %, respectively, which are comparable
to the incidence in the literature [20–23]. The characteristics of the
patients are summarized in Supplementary Table 1.
Node distribution pattern at the supraclavicular region and its spatial
relationship to node level of the 2013 consensus and 2017 JES

A total of 470 nodes for NPC (3–8 mm, 318; 8–10 mm, 68;
and � 10 mm, 84) and 291 nodes for EC (3–8 mm, 168; 8–
10 mm, 39; �10 mm, 84) were identified for analysis. The supra-
clavicular region lymph node distribution of NPC and EC by the
2013 Consensus and 2017 JES are summarized in different tables
(Supplementary Tables 2 and 3) and illustrated with several repre-
sentative planes in Fig. 1 (see the full image in Supplementary
Figs. 1–4).

For NPCs, levels IV and V defined by the 2013 Consensus cover
92.77 %, 88.16 %, and 85.71 % of all identified nodes with
diameter� 3 mm, diameter� 8 mm, and diameter� 10 mm. Other
nodes were observed within level VIb and a space posterior and
lateral to level Vb-c, which was previously not defined by the
2013 Consensus (Fig. 1A, Supplementary Fig. 1, Supplementary
Table 2).

Within level VIb (peri-esophageal space), a total of four nodes
(two with 3–8 mm, one with 8–10 mm, and one with � 10 mm
diameter) from three patients were identified. Among these three
patients, two had multiple enlarged nodes near the carotid sheath,
suggesting that their level VIb metastasis likely spread from the



Table 1
The boundaries of the six fascia-determined sub-compartmental spaces.

Subgroup Boundaries

Cranial Caudal Anterior Posterior Medial Lateral

Pre-vascular space
(PVS)

Caudal
edge of
cricoid
cartilage

Caudal edge of
venous angle
(SCV joints with
IJV)

Posterior edge of SCM Anterior edge of
CCA and IJV

Lateral edge
of strap
muscle

Posterior edge of SCM

Carotid sheath space
(CSS)

Caudal
edge of
cricoid
cartilage

Caudal edge of
venous angle
(SCV joints with
IJV)

Anterior edge of CCA
and IJV

Anterior edge of
pre-vertebral
muscle

Medial edge
of CCA,
vertebral
artery

Lateral edge of IJV

Vascular lateral space
I (VLS I)

Caudal
edge of
cricoid
cartilage

Caudal edge of
venous angle
(SCV joints with
IJV)

Posterior edge of the
SCM;
Line connects
anterior edge of IJV
and OHM, when OHM
appear;

Anterior edge of the
pre-vertebral
muscle

Lateral edge
of IJV

Lateral edge of SCM

Vascular lateral space
II (VLS II)

Caudal
edge of
cricoid
cartilage

Caudal edge of
venous angle
(SCV joints with
IJV)

Line connects SCM
and TM, at upper
planes;
OHM, when OHM
appears;
Extension line of
anterior edge of IJV,
at lower planes

Anterior edge of
scalene muscle

Lateral
border of
SCM

Medial edge of TM, at
upper planes;
Middle point of anterior
edge of LSM, when OHM
appears, at lower planes

Para-esophageal
space (PES)

Caudal
edge of
cricoid
cartilage

Caudal edge of
venous angle
(SCV joints with
IJV)

Posterior edge of
lateral lobe of
thyroid;
Extension line of
anterior edge of CCA,
plane inferior to
thyroid

Anterior edge of
prevertebral
muscles and
vertebral arteries

Lateral edge
of
esophagus
and trachea

Medial border of CCA

Sub-thyroid pre-
trachea space
(STPTS)

Caudal
edge of
thyroid

Caudal edge of
venous angle
(SCV joints with
IJV)

Posterior edge of SM Anterior edge of
trachea

Lateral edge
of trachea

Extension line of anterior
edge of IJV and CCA

Abbreviations: CCA, common carotid artery; IJV, internal jugular vein; LSM, levator scapulae muscle; OHM, omohyoid muscle; SCM, Sternocleidomastoid muscle; SCV,
subclavian artery; SM, strap muscles; TM, trapezius muscle.

Z. Zhong, D. Wang, Y. Liu et al. Radiotherapy and Oncology 177 (2022) 113–120
adjacent level IV nodes. One patient with a solitary level VIb node
(8 mm diameter and responded to treatment) had limited lower
neck metastasis (three positive nodes within IV and V in total),
thus representing unpredictable metastasis to level VIb in NPC.

A total of 30 nodes (14, 5, and 11 with diameters of 3–8 mm, 8–
10 mm, and � 10 mm, respectively) from 18 patients were
observed at the posterior/lateral space to levels Vb and Vc. This
space was not defined by either the 2013 Consensus or the 2017
CTV International Guidelines for NPC [24]. However, metastasis
to this region is not rare in NPC and has been reported by several
authors [5,25]. Here, we adopted the definition of PLV proposed
by Jiang et al. for this space for the convenience of discussing node
distribution in this region. The distribution of cervical lymph nodes
in patients with lymph node metastases at the PLV level is summa-
rized in Supplementary Table 4.

We also analyzed the coverage of nodes on the basis of the 2017
JES levels. The node levels or node stations defined by the 2017 JES
are from the perspective of surgery rather than CTV contouring in
radiotherapy. The boundaries of each station were not well-
defined in the CT images. We tried contouring levels 101, 104,
and 106 according to the definitions in the 2017 JES guidelines
and related literature [3,19,26,27].The lateral boundaries of 104
defined by the guidelines are pre-accessory nerves, which cannot
be identified by either CT or MR imaging. We arbitrarily divided
104 into 104a (medial part) and 104b (lateral part) according to
the lateral edge of the sternocleidomastoid muscle (SCM). Among
these, l04b extends laterally until it meets the trapezius muscle
(TM) and clavicle, and 99.15 %, 98.68 %, and 98.80 % of NPC nodes
with diameters � 3 mm, � 8 mm, and � 10 mm were found to be
predominantly located within levels 104a and 104b (Fig. 1B, Sup-
plementary Fig. 2, Supplementary Table 3). As mentioned previ-
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ously, four nodes from three patients were located exceptionally
close to the esophagus (three in l01 and 1 in 106rec).

Unlike NPC, nodes of the EC were mainly found near the esoph-
agus and carotid sheath. Level IV, level VIa, and level VIb of the
2013 Consensus cover 95.53 % of all nodes and 100 % of the positive
nodes and those � 8 mm (Fig. 1D, Supplementary Fig. 3, Supple-
mentary Table 2). Fourteen nodes (4.47 % of all nodes) from eight
patients were detected at level V (11 nodes) and PLV (two nodes).
These nodes were all small in size (3–8 mm). Most of them (10
nodes from five patients) had no accompanied level IV enlarged
nodes (�8 mm), suggesting that they were likely reactive lym-
phadenopathy rather than tumor-related nodes. In the JES station
system, JES levels 104a, 106pre, 106ac, and 101 cover all positive
nodes and nodes with a high risk of involvement (8–10 mm). The
13 small nodes located in level V and PLV were covered by station
104b (Fig. 1E, Supplementary Fig. 4, Supplementary Table 3).

Taken together, the findings imply that EC tends to spread to
the space adjacent to the esophagus and carotid sheath, whereas
NPC mainly spreads to the space lateral to the carotid sheath, with
rare peri-esophageal involvement. Apparently, some levels/sta-
tions defined either by the 2013 Consensus or 2017 JES as supra-
clavicular level have plenty of void spaces that are rarely
involved by EC and NPC, which warrants further cropping of these
levels to optimize the CTV for each disease.
Proposal of sub-compartments at the supraclavicular region based on
the lymph drainage pathway and cervical fascia anatomy

The superficial layer of the deep cervical fascia (SDCF), middle
layer of the deep cervical fascia (MDCF), deep layer of the deep cer-
vical fascia (DDCF) or prevertebral fascia (PF), and alar fascia (AF)



Supraclavicular CTV contouring for esophageal and nasopharyngeal cancer
in the supraclavicular region divide this region into several sub-
spaces, which may have important implications in the compart-
mentation of lymph node groups [7,8,28]. However, these fasciae
are not visible in CT or MR images because of their limited thick-
ness in histology. Representative lines for these fasciae, which
were determined by the edges of anatomical structures that these
fasciae cover or enclose, were drawn to define the boundaries of
these subspaces.

The position at which the AF attaches to the PF has not been
well-documented in the literature. Histological studies have
shown that this position may vary among individuals and even
between the left and right sides of the same individual [28,33].
We found that the vertebral vein may serve as a landmark for this
position (Fig. 2). Nearly 99.15 % of the metastatic nodes of NPC are
located lateral to the line drawn between the medial edge of the
carotid sheath and vertebral vein.

The SCM, TM, and levator scapulae muscle (LSM) serve as good
landmarks for the lateral boundary of the upper supraclavicular
space regarding lymph drainage. The lateral boundary of the lower
part is not well-defined by the 2017 JES or 2013 Consensus. Lin
et al. suggested that the inferior belly of the omohyoid muscle
(OHM) can be used as the lateral boundary of the CTV because
there were no nodes at the lateral side of the OHM [20]. In agree-
ment with Lin et al., we also found that all but one enlarged node
was present within the medial side of OHM. This exceptional node
has a size of 4.4 � 4.7 mm and is derived from an NPC patient with
Fig. 1. Distribution of lymph nodes at the supraclavicular space in nasopharyngeal cancer
4 and D1-4, the distribution pattern of nodes on the basis of the 2013 International C
distribution pattern of nodes on the basis of the 2017 Japanese Esophagus Diagnosis and T
the basis of the proposed six fascia anatomy-based sub-compartments. Abbreviations:
STPTS, sub-thyroid pre-tracheal space; CSS, carotid sheath space; PVS, pre-vascular spac
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multiple metastases in level Vb. At planes close to the clavicle
bone, as a landmark of the anterior border, the SCM is replaced
by the strap muscles (SM). The OHM and SM are both enclosed
by MDSF (Fig. 2).

Six fascia-determined sub-compartmental spaces were estab-
lished: the para-esophageal space (PES), sub-thyroid pre-tracheal
space (STPTS), carotid sheath space (CSS), pre-vascular space
(PVS), vascular lateral space (VLS) I, and VLS II. The boundaries of
these spaces are described in Table 1 and Fig. 2.

The positive nodes of NPCs were predominantly located in the
CSS, VLS I, and VLS II (Fig. 1C, Supplementary Figure 5, and Supple-
mentary Table 5). No nodes were found within the PVS and STPTS,
and only four nodes were found in the PES (in Lin’s study, only two
nodes with diameters of 3–8 mm were found in this region). As
described before, PES involvement likely occurs as a result of
extensive metastasis to the CSS and VLS I. It should be safe to omit
PES from the prophylactic CTV for NPC when the CSS is not
involved. We found that the lower portion of VLS II (inferior to
the transverse cervical vessel, which is the caudal border of Vb as
per the 2013 Consensus) contained a limited number of enlarged
nodes (�8 mm) (Fig. 1, A2-A4, Fig. 3B, Supplementary Figure 5,
E9-E19), and below the plane wherein the inferior belly of OHM
appears (Fig. 1, A3 and A4, Supplementary Figure 5, E13-E19), even
small nodes (3–8 mm) were not found within VLS II. Thus, for CTV
contouring, when VLS II has a low risk of involvement (no positive
nodes in level Va, proposed VLS I, and CSS), VLS II can be tailored to
and esophageal cancer, displayed in four transverse sections at different planes. A1–
onsensus on Cervical Node Level (2013 Consensus, hereafter); B1–4 and E1-4, the
reatment Guidelines (2017 JES); C1–4 and F1-4, the distribution pattern of nodes on
NPC, nasopharyngeal cancer; EC, esophageal cancer; PES, para-esophageal space;
e; VLS, vascular lateral space.



Fig. 1 (continued)
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include its upper part above the transverse vessels. At planes
below the inferior belly of OHM, VLS II may be spared even with
the presence of the above-mentioned risk factors (Fig. 4, B5, Sup-
plementary Figure 7, H15, and H16).

The caudal border of the supraclavicular CTV of NPC deserves
discussion because it has not been clearly defined by any guideli-
nes or discussed elsewhere. We investigated several layers below
the SCV (planes that are lower than the caudal border of the supr-
aclavicular region defined by the current study) and found no sin-
gle nodes under the SCV, even for the three patients with PES
involvement. Therefore, we suggest that the cranial border of the
SCV could be used as the caudal border of the CTV in NPC
(Fig. 2B, Fig. 4, A5, and B5, Supplementary Figure 7, G16, and
H16). It is conceivable that the drainage node of the upper neck
is normally situated above the venous angle.

In contrast with NPCs, the positive nodes and high-risk nodes
(�8 mm) of EC were all found within the CSS, PES, VLS I, and lateral
portion of STPTS (Fig. 1F, Supplementary Table 6, Supplementary
Figure 6). As mentioned previously, only 13 small nodes were
found in VLS II. The CTV for EC requires routine coverage of PES,
VLS I, and the lateral portion of STPTS, whereas VLS II can be con-
sidered when VLS I contains positive nodes. At planes below the
inferior belly of OHM, the CTV can be further tailored to include
PES and STPTS (Fig. 4C, see full image in Supplementary Figure 7).

Notably, most positive nodes of EC were found within the lower
part of the supraclavicular space, particularly close to the thoracic
duct and venous angle (Fig. 3). We measured the distance between
the center point of all recorded lymph nodes and the caudal edge of
the jugular venous angle. The distance between the lymph node
and jugular venous angle in the left neck was 20.06 ± 12.28 mm
(mean ± SD, node of all sizes) and 18.51 ± 12.83 mm (positive
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nodes and nodes � 8 mm), and that in the right neck was 17.66 ±
12.55 mm and 14.37 ± 10.57 mm. De novometastasis of thoracic EC
to levels above the cricoid bone is rare, especially without supra-
clavicular metastasis; thus, for both sides, 30 mm above the venous
angle would be sufficient to cover 95 % of the potential metastatic
nodes of EC in the supraclavicular region (Fig. 3C, Fig. 4, C3, Supple-
mentary Figure 7, J9).

Discussion

To date, no study has specifically discussed CTV contouring in
the supraclavicular region. In 2017, an international consensus
on CTV delineation for NPC, a practical guide for CTV contouring,
was proposed, and it included the supraclavicular region [24].
However, these CTVs were based on the node level defined for
head and neck cancer [17]. Their feasibility was carefully evaluated
by Lin et al. in a detailed analysis of the lymph node distribution of
959 cases of NPC [20]. Subsequently, Lin et al. proposed multiple
modifications, including omission of the PVS and usage of the
OHM as the lateral boundary for the lower neck. However, the
authors did not provide any pathophysiological explanation, mak-
ing these modifications difficult to understand. Similarly, efforts
have been made to optimize the CTV for EC based on the node
group defined by the JES [2,3,29]. The inclusion of the spaces
around the esophagus and carotid sheath is well-documented
among independent studies, but no interpretation has been pro-
vided by either of these studies.

The cervical fascia divides the neck space into multiple com-
partments. These compartments normally form a longitudinal
space that extends from the cranial base to the mediastinum. Eval-
uation of the relationship between the lymph drainage pathway



Fig. 2. Cervical fascia anatomy at the supraclavicular space and illustration of the proposed six fascia anatomy-based sub-compartments at two representative transverse
sections (A, upper plane of the supraclavicular space; B, lower plane of the supraclavicular space, with the presence of the inferior belly of omohyoid muscle). The cervical
fascia cannot be seen on either computer-aided tomography or magnetic resonance images but can be outlined according to the border of structures they cover or sheathe.
Right side of A and B, cervical fascia anatomy; Left side of A and B, proposed sub-compartments. Note that in A, the lateral part of the middle layer of the deep cervical fascia is
drawn as a dotted line because it has not been well-documented in the literature. Abbreviations: SDCF, superficial layer of deep cervical fascia; MDCF, middle layer of deep
cervical fascia; DDCF, deep cervical fascia; AF, alar fascia; PES, para-esophageal space; STPTS, sub-thyroid pre-trachea space; CSS, pink for carotid sheath space; PVS, pre-
vascular space; VLS, vascular lateral space. White arrow, the omohyoid muscle.

Fig. 3. Spatial relationship between lymph nodes and important landmark structures is shown in the frontal view of the three-dimensional reconstruction of images. A,
landmark structures; B, node distribution of nasopharyngeal cancer in the supraclavicular space. The enlarged lymph nodes found in nasopharyngeal cancer patients in the
supraclavicular space spread from the IJV to the medial edge of the trapezius but converge toward the RLD and TD at the lower planes, likely following the drainage pathway
of TCA chain. C, node distribution of esophageal cancer at the supraclavicular space. The nodes of esophageal cancer can be divided into two groups as para-esophagus and
peri-thoracic duct. They may receive lymph flow through different pathways, one through the longitudinal lymph network of the esophagus and the other through TD or RLD.
Abbreviations: IJV, internal jugular vein; SCA, subclavian artery; RLD, right lymphatic duct; TD, thoracic duct.

Supraclavicular CTV contouring for esophageal and nasopharyngeal cancer
and fascia-defined compartments may provide an anatomical
rationale for optimizing CTV coverage. The findings of the current
study clearly demonstrated that among the six sub-
compartments formed by the cervical fascia in the supraclavicular
118
region, NPC and EC showed distinct involvement patterns, which
facilitated differential CTV coverage for NPC and EC.

Knowledge of the drainage pathways of lymph flow for NPC and
EC is essential for understanding the differences in CTV coverage



Fig. 4. Nodal CTV delineation for supraclavicular space based on cervical fascia anatomy, displayed in five transverse sections at different planes. A1-5, proposed CTV for
patients with nasopharyngeal cancer with a low risk of VLS II metastasis (without positive nodes in level Va, proposed space CSS, and VLS I). VLS II can be omitted for planes
below the transverse cervical vessels；B1-5, proposed CTV for patients with nasopharyngeal cancer with a high risk of VLS II metastasis (with involvement of level Va,
proposed space CSS, and VLS I). VLS II should be covered for these patients, however, at planes below the inferior belly of omohyoid muscle, VLS II can still be spared；C1-5,
proposed CTV for patients with thoracic esophageal cancer. The caudal border of CTV can be set about 3 cm above the venous angle. VLS I, PES and lateral portion of the STPTS
should be included. At planes below the inferior belly of omohyoid muscle, VLS I can be omitted. White solid arrow, the omohyoid muscle; white dashed arrow, the transverse
cervical vessels.
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between them [30–32]. Lymph flow from the nasopharynx nor-
mally goes through the internal jugular chain anteriorly and the
accessory chain posteriorly. The jugular chain descends along the
jugular vein and finally merges into the jugular collecting trunk
and thoracic duct (lymphatic duct on the right side). In the medial
direction, the carotid sheath and AF may act as histological barriers
to prevent disease spread from the lateral space to the peripharyn-
geal and peri-esophageal spaces, making them landmarks for the
medial border of the CTV for NPC. Although the accessory chain
has branches extending laterally and posteriorly to the front edge
of the TM and LSM, it will finally collect all branches and go ante-
riorly (likely through the transverse chain, Fig. 3, Fig. 4B), merge to
the collecting trunk, then converge to the thoracic duct or lym-
phatic duct, and finally empty into the venous angle [31,32]. The
thoracic duct/lymphatic duct and venous angle are both located
deep to the SDCF and MDCF [33–35],which may explain why the
MDCF-covered OHM and strap muscle may serve as anterior and
lateral borders of the supraclavicular compartment at the lower
portion of the supraclavicular region.

The drainage pathways for EC are completely different. Lymph
nodes in the PES collect lymph fluid directly from the cervical
esophagus (sentinel node) [36] and longitudinal lymph vessel net-
work of the middle and upper thoracic esophagus, which accounts
for the high occurrence of PES metastasis in EC [36–39]. The sum of
the frequency of metastases to CSS and VLS I is greater than that to
the PES, suggesting that these metastases might originate from an
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independent drainage pathway instead of a stepwise spread from
PES. This drainage pathway is likely to pass through the thoracic
duct (lymphatic duct on the right side). The thoracic duct runs
along the left side of the esophagus and receives lymph drainage
in the mediastinum; at the clavicular level, it bends anteriorly
and laterally, forming an arc, merges with the cervical lymphatic
trunk, and is finally injected into the venous angle formed by the
SCV and jugular vein [33–35,40–42]. The thoracic duct on the right
side collects lymph flow in the upper-right quadrant body and is
injected into the right venous angle [31]. On both sides, a collection
of lymph nodes and multiple lymphatic branches are situated
around the thoracic duct/lymphatic duct [43].These nodes and
lymphatic vessels usually have a direct connection with the tho-
racic duct/lymphatic duct, which may be the major metastatic tar-
get of tumor cells spread from the thoracic duct/lymphatic duct. As
proof, we found that the distance between positive nodes and the
caudal border of the venous angle at the left neck was about
18 mm (would be approximately 12–15 mm excluding the thick-
ness of the SCV), which is very close to the vertical distance of
the apex of the thoracic duct to the point it empties into the venous
angle (mean, 15.00 mm, by Ammar K et al.; the value of y2s minus
y3s in their study) [44].

A limitation of the current study is that this was an observa-
tional study with single-center data. Although the major findings
have anatomic and physiological support and could be partially
validated by other independent studies, a multi-institutional study
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with a greater number of patients is still needed to confirm these
conclusions. Moreover, the fundamental basis for the compart-
mentalization effect of the cervical fascia on the lymph vessel net-
work is still lacking. Histological evidence is required in future
studies.

In summary, in the current study, we observed distinct patterns
of lymph node spread in the supraclavicular region in patients with
EC and NPC. We have provided explanations for the differences
between these two tumors on the basis of the lymph drainage
pathways and detailed anatomy of the thoracic duct/lymphatic
duct and cervical fascia. Importantly, we proved that using sub-
compartments formed by cervical fascia could appropriately group
supraclavicular nodes, and joining the individual sub-
compartments could help determine the coverage of CTV. These
CTVs would be different in nature between EC and NPC due to
the distinct drainage pathways in EC and NPC and the anatomical
barriers formed by the network of cervical fascia.
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