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Abstract. Cervical esophageal squamous cell carcinoma
(CESCQ) is less common compared with thoracic esophageal
cancer, and few studies have investigated the clinicopatho-
logical features of CESCC. The present study analyzed
69 patients with CESCC who underwent various therapies
at the University Hospital of Kyoto Prefectural University of
Medicine between January 2000 and December 2016. The
distance between the inferior border of the cricoid cartilage
and upper edge of the tumor was evaluated using positron
emission tomography and computed tomography. Positive
and negative values indicated oral and anal directions,
respectively. Using receiver operating characteristic curves,
the cut-off value for laryngeal preservation was calculated
as -5 mm. According to this value, the patients were divided
into two groups: The short group (distance from the cricoid
cartilage =-5 mm) and long group (distance from the cricoid
cartilage <-5 mm). There were no significant differences in
clinicopathological factors between the two groups except for
body mass index. In univariate analysis, the 3-year overall
survival rate was significantly lower in short group (45.4 vs.
79.6%; P=0.009). In multivariate analysis, short group was
an independent prognostic risk factor (hazard ratio=2.65;
P=0.039). This may be due to lymphatic flow around the
cervical esophagus.
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Introduction

Esophageal cancer was the eighth most common cancer world-
wide, and the sixth most common cause of cancer-associated
death in 2012 (1). Adenocarcinoma of the cervical esophagus
is uncommon, and squamous cell carcinoma is usually
observed (2). Cervical esophageal squamous cell carcinoma
(CESCC) has been reported to represent ~5% of esophageal
cancer cases (3-5), and tobacco and alcohol consumption are
risk factors for CESCC, the same as for thoracic esophageal
cancer (6,7).

Surgical resection or chemoradiotherapy (CRT) are widely
accepted as initial treatments, but a standard therapy has not
yet been established for patients with CESCC (8-13). CRT is
often selected for patients with unresectable tumors or those
who are not candidates for surgery based on patient selection
and general condition (9,14). Some patients who undergo
surgery for CESCC require total pharyngo-laryngectomy,
which is associated with speech impairment and compromises
a quality of life (12).

The cervical esophagus is defined as the upper part of
the esophagus between the cricopharyngeal muscle and the
thoracic inlet, and is ~18 cm from the incisor teeth (15). CESCC
is surrounded by various structures, such as the hypopharynx,
larynx, trachea and thyroid gland (16-19). The anatomical
complexity of the cervical esophagus makes surgery more
dangerous (16-19). The surgical procedure for CESCC is
subtotal esophagectomy often with pharyngo-laryngectomy,
depending on tumor progression and the superior extent of
the tumor (20,21). It is well known that laryngeal preservation
is more difficult if a tumor extends to the oral side (20,21).
Marmuse et al (22) reported that a 2 cm surgical margin was
needed for laryngeal preservation for CESCC. However, few
studies have investigated the association between the upward
extension of the tumor and laryngeal preservation or prognosis
in CESCC.

In previous studies, the 5-year survival rates of CESCC
were reported to be 18-35% (8,23,24). These results are similar
to those for thoracic esophageal cancer (3-5). Yamada et al (25)
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reported that performance status and tumor length >6 cm were
prognostic risk factors for CESCC. However, there are few
reports investigating the risk factors for CESCC. Therefore,
the aim of the present study was to measure the distance
between the inferior border of the cricoid cartilage and upper
edge of the tumor using positron emission tomography and
computed tomography (PET-CT), and to evaluate the associa-
tion between this distance and clinicopathological factors.

Materials and methods

Patients. Between January 2000 and December 2016,
73 patients with CESCC underwent treatments at the
University Hospital of Kyoto Prefectural University of
Medicine. Of these, four cases were excluded from the study
because they were clinically diagnosed with distant metastasis
or had a history of esophagectomy. The median age of patients
was 66 years (range, 60-72 years), and 53 patients were males
and 16 were females. Preoperative age, sex, body mass index
(BMI) and American Society of Anesthesiologists' Physical
Status (ASA-PS) were recorded (26). The present study was
conducted in accordance with the principles of the Declaration
of Helsinki, and written informed consent was obtained from
all patients. The study was approved by the Research Ethics
Committee of the Kyoto Prefectural University of Medicine
(approval no. ERB-C-1414-1).

Surgery. A total of 48 out of 69 patients underwent surgery.
In 20 patients with invasion of the pharynx or trachea and
upper thoracic esophagus, pharyngo-laryngo-total esopha-
gectomy with neck and mediastinal lymph node dissection
and reconstruction with a gastric tube was performed.
In seven patients with invasion of the pharynx or trachea,
pharyngo-laryngo-cervical esophagectomy with neck and
upper mediastinal lymph node dissection and reconstruction
with free jejunal transfer was performed. Subtotal esophagec-
tomy with neck and mediastinal lymph node dissection and
reconstruction with a gastric tube or ileocolonic reconstruc-
tion was performed in 20 cases in which it was possible to
preserve the larynx and the tumor extended to upper thoracic
esophagus. One patient underwent cervical esophagectomy
with laryngeal preservation with neck and upper mediastinal
lymph node dissection and reconstruction with free jejunal
transfer.

The absence of cancer cells in the proximal margin
was confirmed pathologically, but if the patients wanted to
preserve the larynx, there were some cases where a laryn-
geal-preserving procedure was later performed with residual
cancer and CRT. The definitions of degrees of resection are
defined in RO (complete resection), R1 (incomplete resection,
with microscopic residual disease) and R2 (incomplete resec-
tion, with gross residual disease). A positive surgical margin
was classified as R1/R2 (27).

Distance from the cricoid cartilage to the upper edge of
the tumor. Makino et al (28), reported a method to evaluate
the upward extension of a tumor. As the cricoid cartilage is
at the same height as the esophageal entrance, this method
can measure the distance from the esophagus entrance.
According to this method, the distance between the inferior

border of the cricoid cartilage and upper edge of the tumor
was measured using a sagittal PET-CT. At the University
Hospital of Kyoto Prefectural University of Medicine,
values of standard fluorodeoxyglucose uptake (SUV) were
measured by placing volumetric regions of interest over
PET/CT images, and SUV =2.5 was considered to indicate
a malignant lesion. Positive and negative values indicate
oral and anal directions, respectively. The distance from
the cricoid cartilage was measured using PET-CT when
patients were diagnosed with CESCC.

Neoadjuvant chemotherapy (NAC). NAC was administered
to patients with cStage II or 111, according to the JCOG9907
study (29), which was diagnosed based on the Japanese
Classification of Esophageal Cancer (27). Two cycles of
standard 5-Fluorouracil (FU) and cisplatin (one cycle was
three weeks long, including 800 mg/body/day 5-FU on days
1-5 as a 24-h continuous infusions plus 80 mg/body/day
cisplatin on day 1 as a 1-h drip infusion) were used between
2007 and 2013. Since 2011, two cycles of DCF as NAC for
patients with cStagelll and good general condition (based on
age, ASA-PS and medical history) were administered. Some
patients received two cycles of 5-FU, cisplatin and docetaxel
therapy as NAC (one cycle was three weeks long, including
750 mg/body/day 5-FU on days 1-5 as a 24-h continuous
infusions, plus 70 mg/body/day cisplatin and 70 mg/body/day
docetaxel on day 1 as a 1-h drip infusion) (30). These patients
underwent upper endoscopy and CT after NAC, and the resect-
ability of their tumors was re-evaluated.

Neoadjuvant chemoradiotherapy (NACRT). NACRT
combined with two cycles of low-dose 5-FU and cisplatin
therapy (one cycle was one week long, including 250-500 mg
body/day 5-FU on days 1-5 as a 24-h continuous infusion plus
10 mg body/day, cisplatin on days 1-5 as a 1-h drip infusion)
with 40 Gy radiotherapy was administered to patients with
an invasion depth of clinical T3 or to the adjacent structures
(T4) (27) between 2000 and 2007. If a tumor was resectable
based on upper-endoscopy and CT scans performed after
NACRT, resection surgery was performed.

Definitive chemoradiotherapy (dCRT). dCRT was administered
to clinical T4 cases or patients who refused curative surgery.
Low-dose or standard 5-FU and cisplatin therapy were used as
combined chemotherapy (31). Salvage surgery after dCRT was
performed on recurrent cases after complete response (CR) or
non-CR that were resectable. Patients who underwent surgery
as the initial treatment were classified as the surgery group and
patients who underwent dCRT as the initial treatment were clas-
sified as the dCRT group. Patients who underwent NACRT were
included in the surgery group, and salvage surgery cases were
included in the dCRT group.

Follow-up. Blood tests (using the tumor markers squamous
cell carcinoma and carcinoembryonic antigens), gastrointes-
tinal endoscopy and PET-CT scanning of the neck, chest and
abdomen were performed approximately every 6 months after
the initiation of treatment until death or loss to follow-up.
Overall survival times were calculated from the time of diag-
nosis until either death, loss during follow-up or the end of the
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Table I. Characteristics of 69 patients with cervical esophageal
squamous cell carcinoma at initial treatment.

Table II. Comparison between the two groups according to
laryngeal preservation in surgery cases (n=48).

Variable Total,n Surgery,n dCRT,n P-value

Age, years 0.145
>65 40 25 15
<65 29 13 16

Sex 0.574
Male 53 28 25
Female 16 10 6

BMI 0.458
>20 30 15 15
<20 39 23 16

ASA-PS 0.757
172 57 32 25
3/4 12 6 6

cT 0.168
T1 9 6 3
T2/T3 35 22 13
T4 25 10 15

Tumor length, mm 0.726
>40 35 20 15
<40 34 18 16

cN 0.589
NO 20 10 10
N1-N3 49 28 21

cStage 0.468
0/1 7 4 3
II/IIT 43 26 17
v 19 8 11

BMI, body mass index; ASA-PS, American Society of

Anesthesiologists' Physical Status; cT, clinical T; cN, clinical N;
dCRT, definitive chemoradiotherapy.

study. Follow-up was performed in the clinic and the average
length of follow-up was 3.03 years.

Statistical analysis. Data in our computerized database were
examined in the present retrospective study. Additional data
were obtained by reviewing medical records. All analyses were
performed using JMP software version 12 (SAS Institute Inc.).
Comparisons between categorical variables were performed
between groups using a y” or Fisher's exact test. Mann-Whitney
U test was used for comparisons between continuous variables.
The diagnostic accuracy was determined based on the area
under the receiver operating characteristic (ROC) curve. The
optimal cut-off value for laryngeal preservation was defined
as -5 mm using Youden's index. The patients were divided into
two groups according to the presence or absence of laryngeal
preservation, and their clinicopathological features were
compared. In survival analysis, comparisons between two
groups were analyzed using the log-rank test. Multivariate
analysis was performed using Cox's proportional hazards

Laryngeal
preservation, n
Variable Total, n - + P-value
Age, years >0.999
>65 28 16 12
<65 20 11 9
Sex 0.185
Male 36 18 18
Female 12 9 3
BMI 0.008*
>20 21 7 14
<20 27 20 7
ASA-PS >0.999
1/2 41 23 18
3/4 7 4 3
cT 0.090
Tl 6 3 3
T2/T3 27 12 15
T4 15 12 3
Tumor length, mm 0.776
>40 22 13 9
<40 26 14 12
cN 0214
NO 14 10 4
N1-N3 34 17 17
cStage 0.512
I 4 2 2
II/1I1 33 17 16
v 11 8 3
NAT 0.338
Present 35 18 17
Absent 13 9 4
NAT effect 0.602
CR 1 1 0
PR 12 5 7
SD 22 12 10

P<0.01. BMI, body mass index; ASA-PS, American Society of
Anesthesiologists' Physical Status; cT, clinical T; cN, clinical N;
cStage, clinical stage; NAT, neoadjuvant therapy; CR, complete
response; PR, partial response; SD, stable disease.

model. P<0.05 was considered to indicate a statistically
significant difference.

Results
Patient characteristics. Table I shows the clinicopathological

features of the two groups according to initial treatment. There
were more patients who were clinical T4 in the dCRT group
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Figure 1. Distance between the inferior border of the cricoid cartilage and upper tumor edge. (A) Distance from the cricoid cartilage was measured using
sagittal positron emission tomography computed tomography. Positive and negative values indicate oral and anal directions, respectively. The red arrow
indicates actual measurement points. (B) Comparison of the distance from the cricoid cartilage between the non-laryngeal preservation and preservation
groups for patients who underwent surgery (n=48). Box plots have whiskers with a maximum 1.5 times the interquartile range, and the boxes represent first,
second (median) and third quartiles. Data were analyzed using a Mann-Whitney U test. (C) Cut-off value for laryngeal preservation in patients who underwent
surgery was calculated using the receiver operating characteristic curve (n=48). "P<0.05. AUC, area under the curve.

compared with in the surgery group. No significant differences
were observed in terms of age, sex, BMI, ASA-PS or clinical N
and stage between the two groups.

Distance from the cricoid cartilage. The association between
laryngeal preservation and tumor extension was investigated.
The distance between the inferior border of the cricoid carti-
lage and upper edge of the tumor was measured, as evaluated
using sagittal PET-CT (Fig. 1A). No significant difference was
observed in distance from the cricoid cartilage in the surgery
group compared with the dCRT group as initial treatment
(mean distance, -0.32+14.14 vs. -6.00%£14.890 mm; P=0.181;
data not shown).

Esophagectomy was performed on 48 patients, and of
these, laryngeal-preserving procedures were performed on
21 patients. The patients were divided into two groups according
to the presence or absence of laryngeal preservation and their

clinicopathological features were compared. Table II shows that
there was a significant association between BMI and laryngeal
preservation (P=0.008), while no significant differences were
observed in terms of age, sex, ASA-PS, tumor length, neoad-
juvant therapy (NAT), NAT effect or clinical T, N and stage
between the two groups. Clinicopathological factors between
patients with BMI =20 and <20 were compared. Table SI shows
that BMI was significantly associated with tumor length, the
distance from the cricoid cartilage and laryngeal preservation
(P=0.032, P=0.018 and P=0.008, respectively), while BMI was
not associated with clinical T or NAT.

The distances from the cricoid cartilage with and without
laryngeal preservation were compared. Fig. 1B shows that
tumors extended more to the upper side in the non-preser-
vation group compared with the preservation group (mean
distance, 5.44+12.54 vs. -10.81£11.37 mm; P<0.05). Using
the ROC curve, the cut-off value for laryngeal preservation
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Table III. Comparison between the two groups according to
distance between the cricoid cartilage and upper tumor edge
(n=69).

Distance
group, n
Variable Total,n Short Long P-value
Age, years 0.908
=65 40 24 16
<65 29 17 12
Sex 0.562
Male 53 30 23
Female 16 11 5
BMI 0.017¢
=20 30 13 17
<20 39 28 11
ASA-PS >0.999
1/2 57 34 23
3/4 12 7 5
cT 0.949
1 9 5 4
2/3 35 17 18
4 25 19 6
Tumor length, mm 0.038*
=40 35 25 10
<40 34 16 18
cN 0.111
0 20 15 5
1-3 49 26 23
cStage 0.282
0/1 7 3 4
/1 43 24 19
v 19 14 5
Laryngeal preservation 0.002*
Present 42 19 23
Absent 27 22 5

*P<0.05. BMI, body mass index; ASA-PS, American Society of
Anesthesiologists' Physical Status; cT, clinical T; cN: Clinical N,
cStage: Clinical Stage; Distance, distance between the cricoid carti-
lage and upper tumor edge; Short, distance from the cricoid cartilage
>-5 mm; Long, distance from the cricoid cartilage <-5 mm.

was calculated as -5 mm (AUC=0.804, sensitivity=0.696,
specificity=0.807, Youden's index; Fig. 1C). According to the
cut-off value, the patients were divided into two groups: The
short group (distance from the cricoid cartilage =-5 mm) and
long group (distance from the cricoid cartilage <-5 mm). The
clinicopathological features of the two groups are presented
in Table III, which shows that the distance from the cricoid
cartilage was significantly associated with laryngeal preserva-
tion, BMI and tumor length (P=0.002, P=0.017 and P=0.038,
respectively).

Table IV. Three-year overall survival rates of patients with
cervical esophageal squamous cell carcinoma.

Total 3-year  Univariate analysis
Variable (n=69) OS rate, % P-value
Age, years 0.988
=65 40 60.6
<65 29 58.7
Sex 0.539
Male 53 55.7
Female 16 74.5
BMI 0.747
>20 30 60.6
<20 39 59.3
ASA-PS 0.237
172 57 62.9
3/4 12 455
cT <0.0001*
1-3 44 757
4 25 292
Tumor length, mm 0.152
>40 35 54.7
<40 34 64.0
cN 0.932
0 20 63.3
1-3 49 58.2
Distance group 0.009°
Short 41 454
Long 28 79.6
Initial treatment 0.360
dCRT 31 54.0
Operation 38 639

1P<0.0001, °P<0.001. OS, overall survival rate; BMI, body mass
index; ASA-PS, American Society of Anesthesiologists' Physical
Status; cT, clinical T; cN, clinical N; Distance, distance between the
cricoid cartilage and upper tumor edge; Short, patients with distance
from the cricoid cartilage =-5 mm; Long, patients with distance from
the cricoid cartilage <-5 mm; dCRT, definitive chemoradiotherapy.

The patterns of recurrence between the absence and pres-
ence of laryngeal preservation (Table SII), and between the
short and long groups were compared (Table SIII). No signifi-
cant differences were observed in total recurrence between the
groups, but there were significantly more distant metastases
and less local recurrence in the non-preservation group than
in the preservation group (P=0.031 and 0.029, respectively;
Table SII).

Survival analysis. The 3-year overall survival rates were
compared with each clinicopathological factor. In univariate
analysis, 3-year overall survival was significantly less favorable
in short group (45.4 vs. 79.6%; P=0.009) and clinical T4 (29.2
vs. 75.7%, P<0.0001; Table IV). In multivariate analysis, short
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Table V. Independent prognostic factors for cervical esophageal squamous cell carcinoma.

Multivariate analysis

Variable Total (n=69) 3-year OS rate, % HR 95% CI P-value
cT 4.22 1.84-10.27 0.001*
1-3 44 75.7
4 25 292
Distance group 2.65 1.04-8.09 0.039°
Short 41 454
Long 28 79.6

P<0.001, °P<0.05. OS, overall survival; cT, clinical T; Distance, distance between the cricoid cartilage and upper tumor edge; Short, patients
with distance from the cricoid cartilage =-5 mm; Long, patients with distance from the cricoid cartilage <-5 mm; HR, hazard ratio; CI,

confidence interval.

distance and clinical T4 were independent prognostic risk factors
for patients with CESCC [hazard ratio (HR)=2.65; 95% ClI,
1.04-8.09; P=0.039 and HR=4.22; 95% ClI, 1.84-10.27; P=0.001,
respectively; Table V). A total of 48 patients who underwent
surgery were also analyzed (Table SIV). As a result, short
distance and clinical T4 were independent prognostic risk factors
in multivariate analysis (P=0.013 and P=0.011, respectively).

Discussion

The cervical esophagus is surrounded by various struc-
tures, such as the hypopharynx, larynx, trachea and thyroid
gland. Patients with CESCC frequently need to undergo
pharyngo-laryngo-esophagectomy and quality of life can be
greatly impaired (8). The present study investigated which
patients with CESCC needed pharyngo-laryngo-esopha-
gectomy and evaluated the distance between the larynx and
tumor. As a result, distance from the cricoid cartilage =-5 mm
was found to be an independent prognostic risk factor. To the
best of our knowledge, the present study is the first to show
that distance from the cricoid cartilage is associated with
prognosis. Doyle et al (26) reported that patients with CESCC
who underwent laryngeal-preserving surgery had an improved
prognosis. In the present study, the 3-year overall survival rate
was improved in the laryngeal preservation group compared
with the non-preservation group in 48 patients with CESCC
who underwent surgery (73.0 vs. 51.8%, P=0.120; Fig. S1).
Patients who underwent laryngeal preservation surgery tended
to have an improved prognosis, but this was associated with
tumor size, depth, location and length. Of these factors, it
was hypothesized that tumor location was associated with
prognosis, as distance from the cricoid cartilage =-5 mm was
an independent prognostic risk factor in multivariate analysis
(Table SIV).

Table SII showed that there were more patients with distant
metastasis in the non-preservation group than in the preser-
vation group, and in the short group than in the long group.
Liu et al (32) reported that the incidence of distant metastasis
was 7.3% in hypopharynx cancer, which is relatively high
among head and neck cancers. In addition, some studies
have reported that positive N-stage is a predictor of distant

metastasis in head and neck cancers (33,34). The reason for
these results may be that distant metastasis tends to occur from
the lymphatic flow around the pharynx. The aforementioned
results are consistent with the present data, which revealed that
non-preserving larynx cases had numerous distant metastases.

It was hypothesized that the worse prognosis for tumors
that extended to the oral side was due to a positive surgical
margin, and 48 patients who underwent surgery were
analyzed (Table SIII). As a result, pathological RO or R1/R2
and laryngeal preservation had no significant association with
prognosis, while short group was an independent prognostic
risk factor. These results suggested that the worse prognosis in
short group was not due to a positive surgical margin.

Table II shows that there was a significant association
between BMI and laryngeal preservation in surgical cases.
Additionally, Table SI revealed that BMI was significantly
associated with the distance from the cricoid cartilage and
laryngeal preservation, while BMI was not associated with
clinical T or NAT. Therefore, it was considered that patients
whose tumor had spread to the oral side had a lower BMI due
to poor oral intake; however, BMI was not associated with
prognosis.

Previous studies investigating esophageal cancer have
been based on thoracic esophageal cancer data, and few
reports have compared prognosis following surgery and dCRT
in patients with CESCC. Takebayashi et al (9) demonstrated
that surgery as the initial treatment for CESCC tended to
be improved compared with dCRT (5-year overall survival
rate, 60.6 vs. 51.4%). On the other hand, Valmasoni et al (8)
reported that surgery tended to be worse compared with dCRT
(5-year overall survival rate, 12.6 vs. 26.7%). Therefore, the
strategy for CESCC treatment is controversial, and it is usually
treated based on the strategy for thoracic esophageal cancer.
In the present study, surgery as the initial treatment, which
included NAC, NACRT and surgery alone, tended to result in
an improved prognosis compared with dCRT (3-year overall
survival rate, 63.9 vs. 54.0%, P=0.360; Fig. S2). In addition,
salvage surgery when dCRT was non-CR or recurred after
CR had an improved prognosis than without salvage surgery
(Fig. S3). These results suggested that CESCC should be
treated in the same way as thoracic esophageal cancer.
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The present study has some limitations. There may
be some bias because it was a retrospective study and the
sample size was not large enough to identify potential differ-
ences between the two groups. Another limitation was that
patients received different treatments, for example surgery as
the initial treatment group included patients who underwent
NAC, NACRT and surgery alone. The results of the present
study need to be validated in prospective studies with larger
sample sizes, and further analysis of tumor status, such as
tumor size, tracheal invasion and effects of NAC or CRT are
needed.

In summary, the distance between the inferior border of
the cricoid cartilage and upper tumor edge =-5 mm was an
independent prognostic factor for CESCC. This may be due to
lymphatic flow around the cervical esophagus.
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