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Abstract

Background

To evaluate the clinical significance of supraclavicular lymph node (SCLN) in patients with
locally advanced esophageal squamous cell carcinoma (ESCC) receiving curative concur-
rent chemoradiotherapy (CCRT).

Materials and methods

We retrospectively analyzed all 369 locally advanced ESCC patients treated with CCRT
between 2000 and 2015, including 70 patients with SCLN metastasis and 299 patients with-
out SCLN metastasis.

Results

For these locally advanced ESCC patients treated with curative CCRT, NO-2 were signifi-
cantly associated with superior progression-free survival (PFS) and overall survival (OS) in
univariate and multivariable analyses. However, there were no significant differences in
PFS and OS between the SCLN metastasis and non-SCLN metastasis groups; a subgroup
analysis also revealed there was no significant differences in PFS and OS between patients
with and without SCLN metastasis either in the NO-2 or in the N3 subgroup analysis.
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Conclusions

Our study suggests that SCLN metastasis is not a prognostic factor in locally advanced
ESCC patients receiving curative CCRT, and that SCLNs should be considered to be
regional LNs and treated with curative intent.

Introduction

Esophageal cancer is the eighth most common cancer worldwide and is characterized by
extreme aggression and poor prognosis.[1] Esophageal squamous cell carcinoma (ESCC)
accounts for more than 90% of esophageal cancer cases, and is the ninth leading cause of can-
cer deaths in Taiwan.[2] The majority of ESCC patients have locally advanced disease when
they are diagnosed. Patients with a resectable disease who are treated with surgical resection
generally have better outcomes; however, more than half of patients with locally advanced dis-
ease are clinically unresectable, and concurrent chemoradiotherapy (CCRT) remains the stan-
dard of care for inoperable or unresectable non-metastasized patients. Nonetheless, in spite of
significant improvements having been made in chemotherapy and radiotherapy, the outcomes
of such ESCC patients remain poor.[3-7]

Lymph node (LN) metastasis is one of the most important prognostic factors in cancers in
general.[8, 9] In the 7" edition of American Joint Committee on Cancer (AJCC) staging sys-
tem, LNs located in the esophageal drainage area, such as celiac LNs, paraesophageal LNs, and
supraclavicular lymph nodes (SCLNs), are defined as regional LNs.[10] Furthermore, N stages
are subclassified based on the absolute number of positive LNs instead of the location of
regional LN involvement, and a higher N stage is considered a poor prognostic factor.[11-14]
However, some studies suggested that SCLN metastases might be considered as distant metas-
tases rather than regional LN metastases.[15-17] Thus, the presence of SCLN metastasis may
be considered to indicate stage IV disease, similar to the presence of visceral organ metastasis,
such that patients with such metastasis will consequently be excluded from curative surgery
and SCLN dissection may be regarded as unrelated to any survival benefit. However, several
studies have shown that patients with SCLN metastasis appear to have a better survival rate
than those with visceral organ metastasis.[18-21] Furthermore, the significance of SCLN in
most series was evaluated in patients receiving esophagectomy. Meanwhile, the significance of
SCLN metastasis in locally advanced ESCC patients receiving curative CCRT remains largely
undefined. The aim of the present study, therefore, was to elucidate the role of SCLN metasta-
sis in locally advanced ESCC patients receiving curative CCRT.

Materials and methods
Patient selection

The records of a total of 1,045 patients with ESCC who were treated at Kaohsiung Chang
Gung Memorial Hospital between January 2000 and December 2015 were retrospectively
reviewed. Of these 1,045 ESCC patients, we excluded those patients with a history of second
primary malignancy, celiac LN metastasis, and distant metastasis other than SCLN metastasis.
After that, only those ESCC patients who received CCRT as a curative treatment were
included, and a total of 369 ESCC patients were finally selected. These 369 ESCC patients all
had locally advanced status and received CCRT as a curative treatment. Any patients who
underwent other therapeutic protocols, such as surgical resection followed by chemotherapy/
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radiotherapy, palliative chemotherapy or radiotherapy alone, or supportive care, were
excluded.

The clinical tumor stage of each case of ESCC was determined by chest computed tomogra-
phy (CT), endoscopic ultrasonography (EUS), or positron emission tomography (PET) scans.
The tumor stages were determined according to the 7" AJCC staging system. Data on the
treatments and outcomes of the patients were retrospectively retrieved from clinical medical
charts and recorded in an electronic database.

Salvage operation was indicated for patients with resectable persistent or recurrent disease
after completing CCRT. Patients underwent a radical esophagectomy with cervical esophago-
gastric anastomosis (McKeown procedure) or an Ivor Lewis esophagectomy with intrathoracic
anastomosis, reconstruction of the digestive tract with gastric tube, and pylorus drainage pro-
cedures. Two-field lymph node dissection was performed at the same time.

Identification and definition of supraclavicular lymph nodes and definition
of positive lymph nodes

SCLNs were defined as LNs situated between the inferior belly of the omohyoid muscle poste-
riorly, the clavicle/upper border of the manubrium anteriorly, and inferiorly and cranially
inferior to the lower margin of the cricoid.[22] LNs were considered to be metastasis-positive
if, first, they were spherical and larger than 10mm in maximum transverse diameter on CT
scan or, second, if they were detected to exhibit focal major 18-fluorodeoxy glucose (‘*F-FDG)
uptake compared to normal mediastinal activity according to a PET scan.

Concurrent chemoradiotherapy planning

For local radiotherapy (RT), a customized thermoplastic immobilization device was used for
each patient. Then, all patients underwent CT-based simulation and were treated using the
three-dimensional conformal radiotherapy (3D-CRT) technique or intensity-modulated
radiotherapy (IMRT) technique using 6- or 10-MV photons. For target delineation, the gross
target volume (GTV) was defined as the gross tumor and gross lymph nodes on CT scan and/
or PET-CT images. The clinical target volume (CTV) comprehensively covered the whole
esophagus, the mediastinal LNs, and the bilateral SCLNs. The planning target volume (PTV)
was expanded from the CTV by 1.0-2.0 cm margins in all directions. The total dose to the
PTV was 50-50.4 Gy in 25-28 daily fractions. For patients with gross LNs in the supraclavicu-
lar area, a boosted dose to the LNs would be added for 10-16 Gy in 5-8 daily fractions.

Chemotherapy was performed concurrently with radiotherapy, and consisted of cisplatin
(75mg/m?; 4-hour drip) on day 1 and 5-fluorouracil (1000mg/m?; continuous infusion) on
days 1-4 every 4 weeks. Carboplatin was prescribed instead of cisplatin for patients with creati-
nine clearance < 60 mL/min.

Statistical analysis

Statistical analyses were performed using the SPSS 19 software package (IBM, Armonk, NY).
The chi-square test, Fisher’s exact test, and #-test were used to compare data between the two
groups. Progression-free survival (PFS) was calculated from the date of starting treatment of
the esophageal cancer to the date of disease progression or death from any cause, and overall
survival (OS) was calculated from the date of diagnosis of the esophageal cancer to the date of
death as a result of all causes or to the date of the last follow-up.

The estimated PFS and OS were calculated using the Kaplan-Meier method, and the differ-
ences between groups were assessed using the log rank test for univariate analysis. Multivari-
able analyses of the prognostic factors for survival were performed using the Cox proportional
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hazards model. Variables with P < 0.1 in the univariate analysis were selected for multivariable
analysis using the enter method. All tests were two-sided and a P less than 0.05 was considered
statistically significant.

Ethics statement

The retrospective analysis was approved by the Chang Gung Medical Foundation Institutional
Review Board (201700721B0). All the methods were carried out in accordance with the
approved guidelines, and written informed consent of the patients or their families was not
judged necessary for this kind of retrospective study by the Chang Gung Medical Foundation
Institutional Review Board.

Results
Patient characteristics

Upon retrospective review of our ESCC database, a total of 369 locally advanced ESCC patients
who received curative CCRT were identified, including 70 ESCC patients with SCLN metasta-
sis and the other 299 patients without SCLN metastasis. The baseline characteristics did not
differ significantly among these two groups, apart from N status (P<0.001) and tumor location
(P =0.001). The SCLN group had a higher rate of N3 status and upper third location compared
to the non-SCLN metastasis group. At the time of analysis, the median period of follow-up was
for 61.9 months (range: 10.4-206 months) for the 65 survivors and 17.3 months (range: 2.3-
206 months) for all 369 patients. The 5-year PFS and OS rates were 2.3% and 13%, respectively;
a total of 60 patients (20%) received salvage operation due to resectable persistent or recurrent
disease after completing CCRT. The clinicopathological parameters of these patients are
shown in Table 1.

Clinical impact of SCLN metastasis in the different N statuses

In the present study, there were no significant differences in PFS and OS between ESCC
patients with or without SCLN metastasis, although SCLN metastasis group had higher per-
centage of N3 status (Fig 1). In addition, we also found that patients with N3 status had worse
PES and OS than those with NO-2 statuses. Therefore, in order to determine the role of SCLN
metastasis in different N status, the 369 ESCC patients were divided into two groups: N0-2
group and N3 group, and then we compared the PFS and OS between the SCLN metastasis
group and non-SCLN metastasis group in these two subgroup analyses. Among the 293
patients with NO-2 statuses, who consisted of 31 patients in the SCLN metastasis group and
262 patients in the non-SCLN metastasis group, the survival outcomes were consistent with
those of the comparison between the two groups overall (Fig 2A and 2B). For the remaining 76
patients with N3 status, including 39 patients in the SCLN metastasis group and 37 patients in
the non-SCLN metastasis group, there were no significant differences in PFS and OS between
the two groups (Fig 2C and 2D).

Survival analysis

In the analysis of PES, there were no significant differences in terms of tumor grade, tumor
location, performance status, SCLN metastasis, salvage operation, radiotherapy dose and
cycles of chemotherapy in a univariate analysis. Meanwhile, patients with T1-3 status

(P =0.048), NO-2 status (P = 0.004), age less than 60 years old (P = 0.039) and female patients
(P =0.019) were mentioned to have significantly superior PES than others. Multivariable anal-
ysis revealed that age less than 60 years old (P = 0.009, HR: 0.73, 95% CI: 0.57-0.93), female
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Table 1. Clinicopathological parameters in 369 locally advanced esophageal squamous cell carcinoma patients with/without supraclavicular lymph node (SCLN)

metastasis receiving curative CCRT.

Characteristics SCLN metastasis group (N = 70) Non-SCLN metastasis group (N = 299) P value

Age
< 60 years 54 (77%) 215 (72%) 0.38
> 60 years 16 (23%) 84 (28%)

Gender
Male 67 (96%) 291 (97%) 0.48
Female 3 (4%) 8 (3%)

Performance status
0-1 59 (84%) 262 (88%) 0.46
2 11 (16%) 37 (12%)

T status
1+2+3 33 (47%) 132 (44%) 0.65
4 37 (53%) 167 (56%)

N status
0+1+2 31 (44%) 262 (88%) <0.001*
3 39 (46%) 37 (12%)

Grade

1 10 (14%) 32 (11%) 0.40

2+3 60 (86%) 267 (89%)

Location
Upper 35 (50%) 87 (29%) 0.001%
Middle + Lower 35 (50%) 212(71%)

Salvage operation
Yes 11 (16%) 49 (16%) 0.89
No 59 (84%) 250 (84%)

Radiotherapy dose
50-50.4 Gy 67 (96%) 276 (92%) 0.32
< 50Gy 3 (4%) 23 (8%)

Cycles of chemotherapy
1 11 (16%) 31 (10%) 0.21
2 59 (84%) 268 (90%)
Lower 3 (9%) 95 (26%)

SCLN: Supraclavicular lymph node; CCRT: concurrent chemoradiotherapy

*Statistically significant.

https://doi.org/10.1371/journal.pone.0198800.t001

sex (P = 0.024, HR: 0.46, 95% CI: 0.24-0.90), T'1-3 status (P = 0.044, HR: 0.80, 95% CI: 0.65-
0.99) and NO-2 status (P = 0.012, HR: 0.72, 95% CI: 0.55-0.93) represented the independent

predictive factors of better PFS.

With respect to OS, there were no significant differences in terms of age, gender, tumor
grade, tumor location, performance status, SCLN metastasis, salvage operation, radiotherapy
dose and cycles of chemotherapy in a univariate analysis. Patients with T1-3 status (P = 0.049)
and NO-2 status (P = 0.002) were reported to have better OS than others. According to a multi-
variable comparison, NO-2 status (P = 0.007, HR: 0.68, 95% CI: 0.52-0.90) represented the
independent predictive factors of superior OS. The univariate and multivariable analyses
results of PFS and OS for these patients are shown in Table 2.

Whether univariate or multivariable analyses, there were no significant differences in PFS
and OS between ESCC patients with or without SCLN metastasis.
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Fig 1. The survival curves of 70 esophageal squamous cell carcinoma patients with supraclavicular lymph node
(SCLN) metastasis compared to the 299 patients without SCLN metastasis. (A) Progression-free survival. (B)
Opverall survival.
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metastasis in different N statuses. (A) NO-2 status, progression-free survival (B) NO-2 status, overall survival. (C) N3
status, progression-free survival (D) N3 status, overall survival. SCLN: supraclavicular lymph node.
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Table 2. Univariate and multivariate analyses results of PFS and OS in in 369 locally advanced esophageal squamous cell carcinoma patients receiving curative

CCRT.
Characteristics No. of patients Univariate analysis Multivariable analysis Univariate analysis Multivariable analysis
Median PFS (months) | P value | HR (95% CI) | P value | Median OS (months) | P value | HR (95% CI) | P value
Age
< 60 years 269 (73%) 10.2 0.039* | 0.73 (0.57-0.93) | 0.009* 17.7 0.75
> 60 years 100 (27%) 8.8 19.2
Gender
Male 358 (97%) 9.6 0.019* 18.2 0.06
Female 11 (3%) 17.3 0.46 (0.24-0.90) | 0.024* 40.0 0.69 (0.35-1.34) | 0.27
T status
1+2+3 165 (45%) 11.8 0.048* | 0.80 (0.65-0.99) | 0.044* 22.3 0.049* | 0.83(0.66-1.04) | 0.11
4 204 (55%) 8.8 15.6
N status
0+1+2 293 (79%) 10.9 0.004* | 0.72 (0.55-0.93) | 0.012* 21.2 0.002* | 0.68 (0.52-0.90) | 0.007*
3 76 (21%) 7.6 11.8
Grade
1 42 (11%) 9.0 0.69 14.8 0.22
2+3 327 (89%) 10.6 19.2
Location
Upper 122 (33%) 8.9 0.99 17.3 0.51
Middle + Lower 247 (67%) 10.1 19.1
Performance status
0-1 321 (87%) 9.8 0.65 18.9 0.65
2 48 (13%) 9.9 14.5
SCLN metastasis
Yes 70 (19%) 8.5 0.30 17.2 0.28
No 299 (81%) 10.3 18.4
Salvage operation
Yes 60 (16%) 12.8 0.44 21.2 0.74
No 309 (84%) 9.3 17.1
Radiotherapy dose
50-50.4 Gy 343 (93%) 9.8 0.60 18.2 0.28
< 50Gy 26 (7%) 9.0 15.7
Cycles of chemotherapy
1 42 (11%) 10.9 0.61 16.2 0.98
2 327 (89%) 9.6 18.3

CCRT: concurrent chemoradiotherapy; SCLN: supraclavicular lymph node; PES: progression-free survival; OS: overall survival; HR: hazard ratio; CI: confidence interval

*Statistically significant.

https://doi.org/10.1371/journal.pone.0198800.t002

N stages are subclassified based on the number of positive LNs.[10] In our study, patients with
SCLN metastasis only account for 13% of those who received CCRT as a curative treatment;
we also found there were no significant differences in PFS and OS between ESCC patients with
or without SCLN metastasis. Nevertheless, SCLNs have been considered to be distant LNs in
several studies; therefore, esophageal cancer with SCLN metastasis is commonly regarded as a
systemic disease and generally excluded from the indications for curative treatment.[15-17]
However, growing evidence has suggested that SCLN metastasis does not compromise prog-
nosis in comparison with other regional LN metastasis.[16, 19, 23] Therefore, the clinical
impact of SCLN metastasis remains controversial.
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To the best of our knowledge, several studies have evaluated and discussed the effects of
SCLN metastasis in relation to the various treatment options and their outcomes. Recently,
three-field lymphadenectomy with cervical LN dissection including SCLNs has been per-
formed aggressively in some Asian countries.[15-17, 24] Cho et al. showed that SCLN metas-
tasis did not compromise the clinical outcomes in esophageal cancer patients receiving
neoadjuvant chemoradiotherapy following surgery.[24] Another study, reported by Zheng
et al., also revealed that SCLN metastasis was not a poor prognostic factor and that the number
of lymph nodes involved was strongly associated with overcall survival.[17] Furthermore, two
Japanese studies revealed that SCLN metastasis was not prognostically unfavorable when
SCLNs were considered as regional LNs rather than distant LNs, meaning from M1 status
(metastatic disease) to MO status.[16, 25] In our study, we found that SCLN metastasis is not a
prognostic factor in locally advanced ESCC patients receiving curative CCRT. Therefore, we
suggest that SCLNs should just be considered another type of regional LNs rather than being
viewed as distant LNs.

CCRT has an important role in the treatment of esophageal cancer and remains the stan-
dard of care for patients with locally advanced ESCC. Several studies have documented that
CCRT has beneficial effects on the primary tumors and involved LNs.[26-28] In the CROSS
trial, neoadjuvant chemoradiotherapy was found to be capable of decreasing the rate of nodal
involvement and increasing the percentage of pathological complete response after treatment.
[28] Schneider et al. showed that histomorphologic tumor regression and LN status (ypN)
were significant prognostic parameters for patients with complete resections following neoad-
juvant radiochemotherapy for esophageal cancer.[27] Another study, reported by Donohoe
et al., found that neoadjuvant chemoradiotherapy supported the survival of esophageal cancer
patients with LN metastasis initially but that pathologic N status was negative after treatment.
[26] These findings also suggested that neoadjuvant chemoradiotherapy can be effective not
only for the primary tumors but also the involved LNs.

In our study, SCLN metastasis was not found to be a prognostic factor. We suggest that this
finding in our study and other previous studies may be related to several factors. First, the loca-
tion of the SCLNGs is generally included in the field of radiotherapy, which can be planned for
thoracic esophageal cancer. Thus, although SCLNs are regarded as distant LNs in some studies,
they are effectively considered regional LN for the purposes of treatment. Second, the extent
of structural damage to a tissue caused by radiotherapy generally depends on cell radiosensitiv-
ity. The relationships between anatomical radiation damage and failures of organ function are
thus different for different organs. There are no major organs or hollow organs near the
SCLNs, meaning that in order to increase the treatment efficacy, the radiotherapy doses deliv-
ered to SCLNs can be relatively high, compared to those delivered to the other regional LNs.
Therefore, for locally advanced ESCC patients suitable for CCRT with curative intent, SCLNs
should be regarded as regional LNs rather than distant LNs.

Several past studies have investigated the relationship between the number of involved LNs
and survival outcomes.[12, 13] In our study, higher N status, meaning a greater number of
positive LN, retained statistical significance as an adverse prognostic factor for PFS and OS in
univariate and multivariable analyses. In addition, we also found there was no difference in
PFS and OS between patients with or without SCLN metastasis in the subgroup analysis,
whether for the NO-2 group or N3 group. Tachimori et al. also reported the same finding,
revealing that SCLN metastasis did not predict survival outcomes in respectively N1, N2, or
N3 subgroups.[16] In general, SCLN metastasis is not a prognostic factor in locally advanced
ESCC patients who received CCRT, and SCLNs should be considered as regional LNs and
treated with curative intent if the number of involved LNs is limited. In addition, SCLNs could
tolerate higher dose of radiotherapy due to no major organs or hollow organs nearby, resulting
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in better treatment efficacy. In clinical practice, CCRT with more aggressive treatment, such as
salvage operation, should be performed for these ESCC patients with SCLN metastasis.

This study had several limitations. First, it was a retrospective study of patients treated at a
single institution and almost all patients in our study were locally advanced status, so the sam-
ple size was relatively small. Second, there were more patients with N3 status and upper loca-
tions of the primary tumor in the SCLN metastasis group, but no significant differences in
overall survival were found between these two groups. However, to the best of our knowledge,
this study, at present, covers the largest series of ESCC patients with SCLN metastasis who
underwent curative CCRT and may thus be useful for understanding this rare disease entity.

In conclusion, the results of our study suggest that SCLN metastasis is not a prognostic fac-
tor in locally advanced ESCC patients receiving curative CCRT, and that SCLNs should be
viewed as regional LNs and treated with curative intent if the number of involved LNs is lim-
ited. Further larger prospective studies are warranted in order to clarify the clinical impact of
SCLN metastasis in locally advanced ESCC patients receiving curative CCRT.

Author Contributions

Investigation: Yu-Ming Wang, Shang-Yu Chou, Cheng-Hua Huang, Li-Hsueh Shih.
Methodology: Hung-I Lu, Chien-Ming Lo.

Software: Su-Wei Chen.

Writing - original draft: Yen-Hao Chen.

Writing - review & editing: Shau-Hsuan Li.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer statistics, 2012. CA: a
cancer journal for clinicians. 2015; 65(2):87—108. https://doi.org/10.3322/caac.21262 PMID: 25651787.

2. National Department of Health, Republic of China. Cancer Registry Annual Report 1972—2009.

Burmeister BH, Smithers BM, Gebski V, Fitzgerald L, Simes RJ, Devitt P, et al. Surgery alone versus
chemoradiotherapy followed by surgery for resectable cancer of the oesophagus: a randomised con-
trolled phase Ill trial. The Lancet Oncology. 2005; 6(9):659—-68. https://doi.org/10.1016/S1470-2045(05)
70288-6 PMID: 16129366.

4. HsuPK, WuYC, Chou TY, Huang CS, Hsu WH. Comparison of the 6th and 7th editions of the American
Joint Committee on Cancer tumor-node-metastasis staging system in patients with resected esoph-
ageal carcinoma. The Annals of thoracic surgery. 2010; 89(4):1024—31. https://doi.org/10.1016/j.
athoracsur.2010.01.017 PMID: 20338302.

5. Kelsen DP, Ginsberg R, Pajak TF, Sheahan DG, Gunderson L, Mortimer J, et al. Chemotherapy fol-
lowed by surgery compared with surgery alone for localized esophageal cancer. The New England jour-
nal of medicine. 1998; 339(27):1979-84. https://doi.org/10.1056/NEJM199812313392704 PMID:
9869669.

6. Kelsen DP, Winter KA, Gunderson LL, Mortimer J, Estes NC, Haller DG, et al. Long-term results of
RTOG trial 8911 (USA Intergroup 113): a random assignment trial comparison of chemotherapy fol-
lowed by surgery compared with surgery alone for esophageal cancer. Journal of clinical oncology: offi-
cial journal of the American Society of Clinical Oncology. 2007; 25(24):3719-25. https://doi.org/10.
1200/JC0.2006.10.4760 PMID: 17704421.

7. Medical Research Council Oesophageal Cancer Working G. Surgical resection with or without preoper-
ative chemotherapy in oesophageal cancer: a randomised controlled trial. Lancet. 2002; 359
(9819):1727-38. https://doi.org/10.1016/S0140-6736(02)08651-8 PMID: 12049861.

8. Shimada H, Shiratori T, Okazumi S, Matsubara H, Nabeya Y, Shuto K, et al. Surgical outcome of
patients with thoracic esophageal cancer positive for cervical lymph nodes. Hepatogastroenterology.
2007; 54(73):100-3. PMID: 17419240.

9. ZhangH, Tang P, Miao X, Gao Y, Shang X, Gong L, et al. Does tumor size improve the accuracy of
prognostic prediction in patients with esophageal squamous cell carcinoma after surgical resection?

PLOS ONE | https://doi.org/10.1371/journal.pone.0198800 June 11,2018 9/11


https://doi.org/10.3322/caac.21262
http://www.ncbi.nlm.nih.gov/pubmed/25651787
https://doi.org/10.1016/S1470-2045(05)70288-6
https://doi.org/10.1016/S1470-2045(05)70288-6
http://www.ncbi.nlm.nih.gov/pubmed/16129366
https://doi.org/10.1016/j.athoracsur.2010.01.017
https://doi.org/10.1016/j.athoracsur.2010.01.017
http://www.ncbi.nlm.nih.gov/pubmed/20338302
https://doi.org/10.1056/NEJM199812313392704
http://www.ncbi.nlm.nih.gov/pubmed/9869669
https://doi.org/10.1200/JCO.2006.10.4760
https://doi.org/10.1200/JCO.2006.10.4760
http://www.ncbi.nlm.nih.gov/pubmed/17704421
https://doi.org/10.1016/S0140-6736(02)08651-8
http://www.ncbi.nlm.nih.gov/pubmed/12049861
http://www.ncbi.nlm.nih.gov/pubmed/17419240
https://doi.org/10.1371/journal.pone.0198800

@° PLOS | ONE

Supraclavicular lymph node metastasis in esophageal squamous cell carcinoma patients receiving CCRT

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

Oncotarget. 2016; 7(41):66623—-34. https://doi.org/10.18632/oncotarget. 11286 PMID: 27579613;
PubMed Central PMCID: PMCPMC5341825.

Edge S BD, Compton CC, Fritz AG, Greene FL and Trotti A. AJCC Cancer Staging Manual. 7th ed.
New York: Springer-Verlag; 2010.

Bus P, Lemmens VE, van Oijen MG, Creemers GJ, Nieuwenhuijzen GA, van Baal JW, et al. Prognostic
factors for medium- and long-term survival of esophageal cancer patients in the Netherlands. Journal of
surgical oncology. 2014; 109(5):465-71. PMID: 24783268.

Chen SB, Weng HR, Wang G, Yang JS, Yang WP, Liu DT, et al. Prognostic factors and outcome for
patients with esophageal squamous cell carcinoma underwent surgical resection alone: evaluation of
the seventh edition of the American Joint Committee on Cancer staging system for esophageal squa-
mous cell carcinoma. J Thorac Oncol. 2013; 8(4):495-501. https://doi.org/10.1097/JTO.
0b013e3182829e2c PMID: 23446203.

Peyre CG, Hagen JA, DeMeester SR, Van Lanschot JJ, Holscher A, Law S, et al. Predicting systemic
disease in patients with esophageal cancer after esophagectomy: a multinational study on the signifi-
cance of the number of involved lymph nodes. Ann Surg. 2008; 248(6):979-85. https://doi.org/10.1097/
SLA.0b013e3181904f3c PMID: 19092342.

Talsma K, van Hagen P, Grotenhuis BA, Steyerberg EW, Tilanus HW, van Lanschot JJ, et al. Compari-
son of the 6th and 7th Editions of the UICC-AJCC TNM Classification for Esophageal Cancer. Annals of
surgical oncology. 2012; 19(7):2142-8. https://doi.org/10.1245/s10434-012-2218-5 PMID: 22395974;
PubMed Central PMCID: PMCPMC3381120.

Miyata H, Yamasaki M, Miyazaki Y, Takahashi T, Kurokawa Y, Nakajima K, et al. Clinical Importance of
Supraclavicular Lymph Node Metastasis After Neoadjuvant Chemotherapy for Esophageal Squamous
Cell Carcinoma. Ann Surg. 2015; 262(2):280-5. https://doi.org/10.1097/SLLA.0000000000000933
PMID: 25211269.

Tachimori Y, Ozawa S, Numasaki H, Matsubara H, Shinoda M, Toh Y, et al. Supraclavicular node
metastasis from thoracic esophageal carcinoma: A surgical series from a Japanese multi-institutional
nationwide registry of esophageal cancer. The Journal of thoracic and cardiovascular surgery. 2014;
148(4):1224-9. https://doi.org/10.1016/}.jtcvs.2014.02.008 PMID: 24613171.

Zheng Y, Wang Z, Wang F, Huang Q, Liu S. Proposed modifications of supraclavicular lymph node
metastasis in the esophageal squamous cell carcinoma staging system for improved survival stratifica-
tion. Oncotarget. 2017. https://doi.org/10.18632/oncotarget. 14892 PMID: 28147340.

Akiyama H, Tsurumaru M, Udagawa H, Kajiyama Y. Radical lymph node dissection for cancer of the
thoracic esophagus. Ann Surg. 1994; 220(3):364—72; discussion 72—3. PMID: 8092902; PubMed Cen-
tral PMCID: PMCPMC1234394.

Lee PC, Port JL, Paul S, Stiles BM, Altorki NK. Predictors of long-term survival after resection of esoph-
ageal carcinoma with nonregional nodal metastases. The Annals of thoracic surgery. 2009; 88(1):186—
92; discussion 92—3. https://doi.org/10.1016/j.athoracsur.2009.03.079 PMID: 19559222.

Lerut T, Nafteux P, Moons J, Coosemans W, Decker G, De Leyn P, et al. Three-field lymphadenectomy
for carcinoma of the esophagus and gastroesophageal junction in 174 RO resections: impact on staging,
disease-free survival, and outcome: a plea for adaptation of TNM classification in upper-half esophageal
carcinoma. Ann Surg. 2004; 240(6):962—72; discussion 72—4. https://doi.org/10.1097/01.sla.
0000145925.70409.d7 PMID: 15570202; PubMed Central PMCID: PMCPMC1356512.

Tachimori Y, Kato H, Watanabe H. Surgery for thoracic esophageal carcinoma with clinically positive
cervical nodes. The Journal of thoracic and cardiovascular surgery. 1998; 116(6):954-9. https://doi.org/
10.1016/S0022-5223(98)70046-7 PMID: 9832686.

Xing J, Luo Y, Wang X, Gao M, Sun M, Ding X, et al. Anatomic distribution of supraclavicular lymph
node in patients with esophageal cancer. Onco Targets Ther. 2016; 9:5803-8. https://doi.org/10.2147/
OTT.S111800 PMID: 27703379; PubMed Central PMCID: PMCPMC5036650.

Lin CS, Chang SC, Wei YH, Chou TY, Wu YC, Lin HC, et al. Prognostic variables in thoracic esoph-
ageal squamous cell carcinoma. The Annals of thoracic surgery. 2009; 87(4):1056—65. https://doi.org/
10.1016/j.athoracsur.2008.11.051 PMID: 19324127.

Cho WK, Oh D, Ahn YC, Shim YM, Zo JI, Sun JM, et al. Supraclavicular and/or celiac lymph node
metastases from thoracic esophageal squamous cell carcinoma did not compromise survival following
neoadjuvant chemoradiotherapy and surgery. Oncotarget. 2017; 8(2):3542-52. https://doi.org/10.
18632/oncotarget. 12200 PMID: 27682879; PubMed Central PMCID: PMCPMC5356902.

Yamasaki M, Miyata H, Miyazaki Y, Takahashi T, Kurokawa Y, Nakajima K, et al. Evaluation of the
nodal status in the 7th edition of the UICC-TNM classification for esophageal squamous cell carcinoma:
proposed madifications for improved survival stratification: impact of lymph node metastases on overall
survival after esophagectomy. Annals of surgical oncology. 2014; 21(9):2850-6. https://doi.org/10.
1245/510434-014-3696-4 PMID: 24728822.

PLOS ONE | https://doi.org/10.1371/journal.pone.0198800 June 11,2018 10/11


https://doi.org/10.18632/oncotarget.11286
http://www.ncbi.nlm.nih.gov/pubmed/27579613
http://www.ncbi.nlm.nih.gov/pubmed/24783268
https://doi.org/10.1097/JTO.0b013e3182829e2c
https://doi.org/10.1097/JTO.0b013e3182829e2c
http://www.ncbi.nlm.nih.gov/pubmed/23446203
https://doi.org/10.1097/SLA.0b013e3181904f3c
https://doi.org/10.1097/SLA.0b013e3181904f3c
http://www.ncbi.nlm.nih.gov/pubmed/19092342
https://doi.org/10.1245/s10434-012-2218-5
http://www.ncbi.nlm.nih.gov/pubmed/22395974
https://doi.org/10.1097/SLA.0000000000000933
http://www.ncbi.nlm.nih.gov/pubmed/25211269
https://doi.org/10.1016/j.jtcvs.2014.02.008
http://www.ncbi.nlm.nih.gov/pubmed/24613171
https://doi.org/10.18632/oncotarget.14892
http://www.ncbi.nlm.nih.gov/pubmed/28147340
http://www.ncbi.nlm.nih.gov/pubmed/8092902
https://doi.org/10.1016/j.athoracsur.2009.03.079
http://www.ncbi.nlm.nih.gov/pubmed/19559222
https://doi.org/10.1097/01.sla.0000145925.70409.d7
https://doi.org/10.1097/01.sla.0000145925.70409.d7
http://www.ncbi.nlm.nih.gov/pubmed/15570202
https://doi.org/10.1016/S0022-5223(98)70046-7
https://doi.org/10.1016/S0022-5223(98)70046-7
http://www.ncbi.nlm.nih.gov/pubmed/9832686
https://doi.org/10.2147/OTT.S111800
https://doi.org/10.2147/OTT.S111800
http://www.ncbi.nlm.nih.gov/pubmed/27703379
https://doi.org/10.1016/j.athoracsur.2008.11.051
https://doi.org/10.1016/j.athoracsur.2008.11.051
http://www.ncbi.nlm.nih.gov/pubmed/19324127
https://doi.org/10.18632/oncotarget.12200
https://doi.org/10.18632/oncotarget.12200
http://www.ncbi.nlm.nih.gov/pubmed/27682879
https://doi.org/10.1245/s10434-014-3696-4
https://doi.org/10.1245/s10434-014-3696-4
http://www.ncbi.nlm.nih.gov/pubmed/24728822
https://doi.org/10.1371/journal.pone.0198800

o @
@ : PLOS | ONE Supraclavicular lymph node metastasis in esophageal squamous cell carcinoma patients receiving CCRT

26. Donohoe CL, O’Farrell NJ, Grant T, King S, Clarke L, Muldoon C, et al. Classification of pathologic
response to neoadjuvant therapy in esophageal and junctional cancer: assessment of existing mea-
sures and proposal of a novel 3-point standard. Ann Surg. 2013; 258(5):784—92; discussion 92. https://
doi.org/10.1097/SLA.0b013e3182a66588 PMID: 24045450.

27. Schneider PM, Baldus SE, Metzger R, Kocher M, Bongartz R, Bollschweiler E, et al. Histomorphologic
tumor regression and lymph node metastases determine prognosis following neoadjuvant radioche-
motherapy for esophageal cancer: implications for response classification. Ann Surg. 2005; 242
(5):684—92. https://doi.org/10.1097/01.sla.0000186170.38348.7b PMID: 16244542; PubMed Central
PMCID: PMCPMC1409844.

28. vanHagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van Berge Henegouwen MI, Wijnhoven
BP, et al. Preoperative chemoradiotherapy for esophageal or junctional cancer. The New England jour-
nal of medicine. 2012; 366(22):2074—84. https://doi.org/10.1056/NEJMoa1112088 PMID: 22646630.

PLOS ONE | https://doi.org/10.1371/journal.pone.0198800 June 11,2018 11/11


https://doi.org/10.1097/SLA.0b013e3182a66588
https://doi.org/10.1097/SLA.0b013e3182a66588
http://www.ncbi.nlm.nih.gov/pubmed/24045450
https://doi.org/10.1097/01.sla.0000186170.38348.7b
http://www.ncbi.nlm.nih.gov/pubmed/16244542
https://doi.org/10.1056/NEJMoa1112088
http://www.ncbi.nlm.nih.gov/pubmed/22646630
https://doi.org/10.1371/journal.pone.0198800

