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Usefulness of Ultrasound for Assessing the Primary Tumor of
Hypopharyngeal Carcinoma
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Objectives: To clarify the usefulness of ultrasonography for detecting hypopharyngeal cancer.

Study Design: Cross-sectional study.

Methods: The study included 95 patients who underwent pre-treatment ultrasonography. We evaluated the usefulness
of ultrasonography for detecting primary hypopharyngeal carcinoma of each T stage and subsite, and for assessing extrahypo-
pharyngeal invasion. Additionally, we determined the efficacy of color Doppler for evaluating primary hypopharyngeal
carcinoma.

Results: The patients comprised 93 men and 2 women with a mean age of 67.5 years. The T stage (primary tumors)

was T1 in 29 patients, T2 in 22, T3 in 9, and T4 in 35. Primary sites with a T stage over T3 were detected using ultrasonography
in 17 patients.
Regarding primary subsites, postcricoid tumors were assessed most easily (64%), while posterior wall tumors were the most
difficult to assess (25%). In 15 of 17 patients, the evaluation of extrahypopharyngeal invasion by ultrasonography matched
up precisely with computed tomography findings. In addition, abnormally increased blood flow in primary hypopharyngeal
cancers was recognized by color Doppler, and could be used to predict subsites.

Conclusions: Cancers at T3 and T4 hypopharyngeal primary tumors and their extrahypopharyngeal invasion were
detectable using ultrasonography. Furthermore, ultrasonography was useful for assessing postcricoid tumors that were difficult to

observe by flexible laryngoscopy.

Level of Evidence: 4

Key Words: Hypopharyngeal cancer, ultrasonography, laryngoscopy.

INTRODUCTION

Endoscopic examination is indispensable in the
detection and evaluation of laryngopharyngeal lesions.!?
Laryngoscopy is thought to be the most effective tool for
the detection of mucosal abnormalities and the evalua-
tion of hypopharyngeal cancer.>* However, it is difficult
to assess the depth and extrahypopharyngeal invasion of
advanced cancers. It is also often impossible to observe
the caudal part of the tumor and to predict the primary
subsite of bulky tumors. Furthermore, the hypopharyng-
eal cavity is often partly collapsed due to the laryngeal
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cartilage, which makes its detection using laryngoscopy
difficult. Therefore, direct rigid laryngoscopy is sometimes
performed under general anesthesia,>® and computed
tomography (CT) or magnetic resonance imaging (MRI) is
necessary.7’

In contrast, ultrasonography can be used to detect
structures of the neck from the body surface and has a
higher millimeter-scale resolution. Therefore, this
modality is expected to detect some characteristics of
hypopharyngeal carcinoma that are missed by laryngos-
copy. If ultrasonography can be used to address the
shortcomings of laryngoscopy and to guide CT scans
used to evaluate tumor spread, it may be of immense
help in the medical care of individuals with hypophar-
yngeal cancer.

Therefore, we assessed the usefulness of ultrasonog-
raphy for the evaluation of hypopharyngeal cancer.

PATIENTS AND METHODS

Patients

The study participants were patients with histologically
diagnosed squamous cell carcinoma following first-time tissue
biopsy. The primary tumors were the hypopharynx, as determined
by flexible laryngoscopy or upper gastrointestinal endoscopy. We
conducted ultrasonographic assessments of the primary tumors in
patients with hypopharyngeal cancer who had undergone cervical
ultrasonography for evaluation of the cervical lymph nodes (N
stage). The patients had also undergone flexible laryngoscopy and
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Fig. 1. The hypopharyngeal primary tumor was revealed as a low-echoic abnormal mass. CCA = common carotid artery; SCM = sternoclei-
domastoid muscle; SHM = sternohyoid muscle; STM = sternothyroid muscle; Th = thyroid.

enhanced CT within three weeks of pre-treatment ultrasonogra-
phy. Ninety-eight consecutive patients were enrolled between Jan-
uary 2010 and December 2016. Three patients were excluded
because they did not meet the above conditions; one patient did
not undergo cervical ultrasonography and two had previous neck
radiotherapy. This study was approved by the Institutional Review
Board of Tottori University and was performed in accordance with
the Declaration of Helsinki.

Evaluation Methods

We first determined whether tumors of every T stage were
assessable by transcutaneous ultrasonography. Second, we clas-
sified assessable tumors according to subsite, and determined
the assessability rates of tumors at each subsite. Furthermore,
we compared all tumors in terms of whether we could assess
invasion into adjacent organs, which dictated their T stage (T3
or T4).

We classified T4 tumors that invaded laryngeal cartilage
into two groups according to the presence or absence of extra-
laryngeal invasion, and determined whether the two groups
were assessable by transcutaneous ultrasonography. We also
compared the ultrasonographic and CT assessability of the
organs invaded by the primary tumor. Finally, we determined
whether the primary subsites were in agreement with those
predicted on the basis of the blood flow of the primary tumor as
revealed by color Doppler.

Ultrasonography

We used a Xario XG ultrasound system with a 7.5-MHz lin-
ear transducer (Toshiba Medical System Co.; Tochigi, Japan)
from January 2010 to October 2011, and an Acuson S2000 ultra-
sound system with a 9-MHz linear transducer (Siemens Medical
Solutions, Mountain View, CA) beginning in November 2011.

Ultrasonographic examinations were performed by two
sonographers, one specializing in head and neck sonography;
two otolaryngologists; and a surgeon specializing in head and
neck surgery with experience in ultrasonography.

We performed ultrasonographic assessments of the pri-
mary tumor in the hypopharynx in conjunction with cervical
ultrasonography to evaluate lymph node metastasis.

The patients underwent cervical ultrasonographic exami-
nation in the supine position with their necks slightly extended.
At the end of the examination, while still in the same position,
they underwent ultrasonographic assessment of the primary
tumor in the hypopharynx. We placed the linear transducer in
the transverse and sagittal planes in the central neck area.

Laryngoscope Investigative Otolaryngology 2: December 2017

First, we observed the thyroid glands and the esophagus pos-
terior to the thyroid glands, and then assessed whether the
primary tumors were visible while scanning toward the head
at the pyriform sinus of the hypopharynx, just outside of
the thyroid cartilage, using gray-scale and color Doppler
imaging.

Fig. 2. A. The normal, noncancerous hypopharynx shows no
peripheral vascularity. B. Primary hypopharyngeal cancer shows
increased vascularity (the white arrow). CCA =common carotid
artery; SHM = sternohyoid muscle, thyroid cartilage (the white
arrow head).
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TABLE I.
Patient Characteristics.

N %
Age, years
Median 68
Range 33-84
Sex
Male 93 97.9
Female 2 2.1
T classification
T 29 30.5
T2 22 23.2
T3 9 9.5
T4 35 36.8
Subsite
Pyriform sinus 73 76.8
Posterior wall 9 9.5
Postcricoid 13 13.7

We also used ultrasonography to assess the organs
invaded by the primary tumors, specifically the esophagus, thy-
roid/cricoid cartilage, thyroid, and prevertebral fascia. We pre-
dicted the primary subsites based on the blood flow of the
primary tumor using color Doppler. Blood flow from the lateral
sides indicated tumors in the pyriform sinuses, anterior blood
flow indicated tumors in the postcricoid region, and posterior
blood flow indicated tumors in the posterior hypopharyngeal
wall.

Criteria for Assessment

In this study, we considered the primary tumors assess-
able when they were recognized as low-echoic abnormal masses
by non-experts (Fig. 1). We also used abnormally increased
blood flow as an adjunct in the diagnosis of primary tumor,'%1?
as there is no increased blood flow in the normal hypopharynx
in the absence of tumors (Fig. 2).

Statistical Analysis

Statistical analyses were performed using the SPSS soft-
ware (IBM SPSS Statistics 22; IBM, Armonk, NY). We used the
chi-square test to compare the percentage of tumors in each
group in which the evaluation of the primary site was deemed
to be assessable by ultrasonography.

RESULTS

The characteristics of the patients are shown in
Table I. Seventeen of 95 patients had tumors that were
assessable by ultrasonography. The blood flow of hypo-
pharyngeal tumors was not assessed in four patients.
There was no blood flow in the primary tumor in only
one patient. In contrast, 12 patients had abnormally
increased blood flow in the primary tumors.

Table II shows the numbers of patients with assess-
able and non-assessable tumors for each T stage. No pri-
mary tumors of stage T1 or T2 were detectable. The
primary tumors that were detected by ultrasonography
had stages of T3 or higher. Tables III and IV show the

TABLE II.

The Numbers of Assessable and Non-Assessable Patients by T
Stage and Primary Subsite.

T T2 T3 T4 Total

us Assessable 0 0 2 15 17
Non-assessable 29 22 7 20 78

Subsite Pyriform sinus 26 19 4 24 73
Posterior wall 3 1 2 3 9
Postcricoid 0 2 3 8 13

ultrasonographic assessability rates of stage T3 and T4
tumors by primary subsite and by adjacent organs
invaded. Regarding primary subsites, postcricoid tumors
were the most assessable (69%), while posterior wall
tumors were the least assessable (20%). The assessabil-
ity rates of postcricoid T3/T4 tumors and other primary
tumors (pyriform sinus or posterior wall) were 69% and
32%, indicating a significant difference (P = 0.0239). The
assessability rate of T4 postcricoid tumors alone was
80%, while that of other primary tumors was 36%
(P=0.0186). Regarding the assessability of tumor
invasion of adjacent organs, esophageal invasion was
assessable in T3 tumors (2/2 cases) by transcutaneous
ultrasonography (Table III), while thyroid invasion was
assessable in T4 tumors (4/4 cases) by transcutaneous
ultrasonography (Table IV). Laryngeal cartilage invasion
was assessable in 34% (12/35) of T4 tumors overall; in
cases with extralaryngeal invasion and those without
cartilage invasion, the assessability rates were 92% (12/
13) and 0% (0/22), respectively. One case with extralar-
yngeal invasion could not be assessed by ultrasonogra-
phy because of enlarged metastatic lymph nodes.

Invasion of Adjacent Tissue as Assessed Using
Ultrasonography

The use of ultrasonography versus CT for evalua-
tion of the invasion of adjacent tissue (esophagus,
thyroid/cricoid cartilage, thyroid, prevertebral fascia)
was compared for 17 patients. The results are shown in

TABLE lIl.

Comparison of Assessability Rates of T3 Tumor Invasion into
Adjacent Organs.

us
Assessable Non-assessable

T3 (9)
Pyriform sinus

Esophagus (1) 1 0

Larynx: vocal paralysis (3) 0 3
Posterior wall

Larynx: vocal paralysis (1) 0 1

No: size >4 cm (1) 0 1
Postcricoid

Esophagus (1) 1 0

Larynx: vocal paralysis (2) 0 2
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TABLE IV.

Comparison of Assessability Rates of T4 Tumor Invasion into
Adjacent Organs.

us
Assessable Non-assessable

T4 (35)
Pyriform sinus

Laryngeal cartilage (22) 7 15
Posterior wall

Laryngeal cartilage (3) 0 3
Postcricoid

Laryngeal cartilage (5) 3 2

Laryngeal cartilage + thyroid (4) 4 0

Laryngeal cartilage + thyroid + 1 0

prevertebral fascia (1)

Table V. In 15 of 17 patients, the evaluation of extrahy-
popharyngeal invasion by ultrasonography precisely
matched the CT findings. We were unable to use ultraso-
nography to detect invasion of the prevertebral fascia or
cricoid cartilage.

Prediction of the Primary Subsite

In 12 of 13 patients who were assessed using color
Doppler, the primary subsites were accurately predicted
based on the blood flow pattern. In one patient, the
blood flow was not visualized using color Doppler.

DISCUSSION

We evaluated 95 patients with hypopharyngeal
cancer to evaluate the usefulness of transcutaneous
ultrasonography in detecting hypopharyngeal cancer.
Our results indicated that advanced primary tumors of
stages T3 or T4 were detectable by ultrasonography. In
comparing primary subsites, postcricoid tumors were
most easily detected by ultrasonography. In primary
hypopharyngeal cancers that were assessable by ultraso-
nography, abnormally increased blood flow was recog-
nized by color Doppler in all but one patient. The
assessment of extrahypopharyngeal invasion using
ultrasonography was in close agreement with that using
CT. In addition, the subsites of hypopharyngeal cancers
were predictable based on abnormal blood flow patterns
detected using color Doppler.

Although advanced hypopharyngeal cancers with T3
or T4 primary tumors were detectable, ultrasonography

was unable to detect T1 or T2 tumors without deep infil-
tration. This may be because T1 and T2 tumors are con-
fined to the mucosa, and since the mucous membrane is in
direct contact with air, ultrasound diffuses at this location
due to the markedly different impedances of air and tissue.
In contrast, T3 and T4 tumors are deeply infiltrative and
invade adjacent organs. In this study, transcutaneous
ultrasonography was able to detect invasion of the esopha-
gus and thyroid, and also of the laryngeal cartilage as long
as there was no cartilaginous infiltration.

In a comparison of primary subsites, postcricoid
tumors were most easily detected by transcutaneous
ultrasonography, while posterior wall tumors were the
most difficult to detect. These results were the opposite
of those with flexible laryngoscopic examination. The
pharyngo-esophageal border at the postcricoid region is
difficult to observe with a flexible laryngoscope,'*
because the cavity is partly collapsed due to the laryn-
geal cartilage. Our findings suggest that ultrasonogra-
phy may be used to detect hypopharyngeal tumors in
the postcricoid region that are difficult to observe using
a laryngoscope.

Few studies have assessed laryngopharyngeal or
hypopharyngeal cancer using ultrasonography.>5-1213.15-18
Some authors demonstrated that T1 and T2 pharyngeal
cancers were detectable using ultrasonography.'®'® How-
ever, in our study, T1 and T2 tumors, which are mucosal
lesions, were not observable by any of our experts. Jecker
et al. also found that T2 hypopharyngeal tumors were
undetectable via ultrasound.’® The shortcomings of ultra-
sonography include its real-time nature and the fact that
analysis is subjective and depends on examiner experience
and the specific techniques used. Because the pharynx has
a complex anatomy, it is difficult to study by ultrasonogra-
phy, even if the examiner has experience with cervical
ultrasonography.

Dhoot et al. reported that they did not assess tumor
vascularity because there were currently no reports
available regarding the usefulness of Doppler in hypo-
pharyngeal cancers.”® However, in this study, we
detected abnormally increased blood flow in primary
hypopharyngeal tumors, a finding that may facilitate
the diagnosis of hypopharyngeal cancer using ultraso-
nography in the future.

The ultrasonographic evaluation of extrahypophar-
yngeal invasion by advanced hypopharyngeal tumors
yielded comparable results to CT. The American Joint
Committee on Cancer staging system requires the evalu-
ation of the following organs for T staging: larynx,

TABLE V.
The Comparison Between the Ultrasonography Findings and the CT Findings to Evaluate the Invasion.
CT
Esophagus Thyroid/cricoid cartilage Thyroid gland Prevertebral fascia
Positive Negative Positive Negative Positive Negative Positive Negative
us Positive 7 0 12 0 4 0 0 0
Negative 0 10 1 4 0 13 1 16

CT =computed tomography.
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esophagus, thyroid cartilage, cricoid cartilage, central
compartment soft tissue, carotid artery, and prevertebral
fascia.?® The larynx and the movements of the vocal
folds can be evaluated using a laryngoscope.?"*> Tumors
invading central compartment tissues or those leading
to the destruction of thyroid cartilage are easy to evalu-
ate using ultrasonography, as they invade superficial
structures.?>?* In addition, esophageal invasion is read-
ily apparent when the thyroid is used as an acoustic
window. In contrast, ultrasonography cannot be used to
evaluate invasion of the prevertebral fascia or cricoid
cartilage. This may be due to the fact that ultrasound is
attenuated at deep sites such as the prevertebral region.
In addition, bulky tumors in the area of the cricoid carti-
lage are impenetrable by ultrasound due to their thick-
ness and round shape.

We were able to predict the primary subsites of
advanced hypopharyngeal cancers using color Doppler
images, even in cases when the entire primary subsites
could not to be observed by laryngoscopy due to large
tumor sizes. Taken together, our data indicate that
ultrasonography is useful for the detection of advanced
hypopharyngeal cancer when assessing the whole tumor
image, such as during preoperative evaluation.

Limitations

This study had several limitations. First, we per-
formed ultrasonography in patients who had already
been diagnosed with hypopharyngeal cancer. Second, we
did not evaluate patients with hypopharyngeal cancers
that were not detected using laryngoscopy. In fact, the
primary subsites of almost all T1 and T2 hypopharyng-
eal cancers detected by laryngoscopy were the pyriform
sinus and posterior wall. It is possible that T1 and T2
hypopharyngeal cancers in the postcricoid region were
not detected by laryngoscopy, as the postcricoid cavity of
the hypopharynx is partly collapsed due to the larynx.
Therefore, it is still unclear whether T1 and T2 hypo-
pharyngeal cancers in the postcricoid region are detect-
able using ultrasonography. Third, we did not assess
tumor invasion through the laryngeal cartilage in this
study, because this would have required changing the
settings of the ultrasound system. We would have been
able to assess intralaryngeal invasion if we had focused
specifically on this region. Fourth, we only used a linear
transducer and did not use another probe such as a con-
vex transducer.

CONCLUSIONS

Ultrasonography was successfully used to detect
hypopharyngeal tumors of stages T3 and T4 and to
evaluate tumor invasion of adjacent organs, with the
exception of the larynx, with results comparable to CT.
Furthermore, ultrasonography was useful for assessing
postericoid tumors that were difficult to observe by flexi-
ble laryngoscopy. These results indicate that ultrasonog-
raphy may compensate for the drawbacks of endoscopy

with regard to examination of the hypopharynx, and,
when used in combination with endoscopy, may substi-
tute for CT in the evaluation of extrapharyngeal
invasion.
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