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Abstract: Background and Objectives: Total laryngectomy with partial pharyngectomy is traditionally
the principal curative treatment for hypopharyngeal cancer; however, conservative surgical ap-
proaches that minimize functional disability are attracting increasing interest. Thus, we evaluated the
appropriateness and oncological outcomes of open conservation surgery for such patients. Materials
and Methods: We reviewed the medical records of 49 patients who underwent vertical hemipharyngo-
laryngectomy from 1998 to 2018 at a single institution. Results: Locoregional recurrences developed
in 19 patients (38.8%) and distant metastases in 6 (12.2%). Histopathologically, paraglottic space
invasion was apparent in 13 patients (26.5%), pre-epiglottic space invasion in 4 (8.2%), thyroid
cartilage invasion in 9 (18.4%), thyroid gland invasion in 2, perineural invasion in 11 (22.4%), and
lymphovascular invasion in 35 (71.4%). The 5-year overall survival of patients who underwent
open conservation surgery was comparable to that of patients who underwent total laryngectomy
with partial pharyngectomy (68.7% vs. 48.4%, p = 0.14). Pre-epiglottic space invasion significantly
decreased the 5-year disease-free survival rate after open conservation surgery (69.7% vs. 17.9%,
p =0.01). Conclusions: We found that pre-epiglottic space invasion negatively impacted disease control
after open conservation surgery, emphasizing the crucial role played by a preoperative evaluation
during patient selection.
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1. Introduction

Hypopharyngeal squamous cell carcinoma is an aggressive cancer with a generally
poor prognosis because it tends to be diagnosed only at advanced stages [1,2]. Tradition-
ally, total laryngectomy with partial pharyngectomy has been the mainstay treatment for
advanced cancers. However, ablative surgery followed by adjuvant treatment often results
in the loss of speech [3,4]. Consequently, in recent years, efforts have been made to develop
reliable but delicate methods that preserve speech function [5,6].

The concept of conservation surgery was introduced in 1960; the outcomes were as
good as those of conventional radical surgery [7]. Later organ-preservation approaches
included transoral laser, endoscopic, and transoral robotic surgeries [5]. In a recent study;,
the 5-year overall survival and disease-specific survival rates were reported as 83.2% and
94.3%, respectively, for patients with hypopharyngeal cancer who underwent transoral
endoscopic surgery [8]. These findings indicate comparable oncologic outcomes to those
observed in patients who underwent total laryngectomy with partial pharyngectomy.
Furthermore, transoral laser surgery has demonstrated favorable functional outcomes and
reduced postoperative morbidity, proving it is a safe and reliable technique [9].

The €nitial study on open conservation surgery in hypopharyngeal cancer was published
in 1980, demonstrating superior oncologic outcomes for the partial laryngopharyngectomy
group when compared to total laryngectomy with partial pharyngectomy [6]. Afterward,
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advances in microvascular surgery allowed the development of vertical hemipharyngola-
ryngectomy with radial forearm free-flap reconstruction [10]. This method involved the
complete resectioning of one side of the larynx and hypopharynx, followed by reconstruc-
tion using a glass plate to restore the hypopharynx and larynx. Additionally, vocal cord
reconstruction was made possible using the palmaris longus tendon. In 2010, we presented
a classification system for patients who might benefit from vertical hemipharyngolaryngec-
tomy; the oncological outcomes were favorable, with a 5-year disease-free survival rate of
64% [11]. Open conservation surgery addresses the functional concerns of patients with
hypopharyngeal cancer; however, few studies have explored the oncological outcomes,
particularly in those with early-stage diseases [12,13]. Few researchers have explored
whether open conservation surgery effectively treats advanced hypopharyngeal cancer.

Although the demand for open conservation surgery has decreased with the rise
of endoscopic and transoral robotic approaches in recent years, it is evident that open
conservation surgery remains a viable treatment option that provides an opportunity to
preserve the function of the hypopharynx, even in cases of advanced hypopharyngeal
cancer. Therefore, we evaluated the oncological outcomes of such surgery based on the
tumor-invasion status of adjacent tissues.

2. Materials and Methods
2.1. Patients

We retrospectively reviewed the medical records of 49 patients who underwent ver-
tical hemipharyngolaryngectomy to treat squamous cell carcinomas of the hypopharynx
between January 1998 and January 2018 at Seoul St. Mary’s Hospital of the Catholic Uni-
versity of Korea. We retrieved patient age, sex, smoking history, primary-tumor location,
TNM classification, reconstruction methods, recurrence status, and postoperative adjuvant
treatments. Tumors were staged as suggested by the 8th edition of the 2017 TNM system of
the American Joint Committee on Cancer. We also retrieved survival data on 40 hypopha-
ryngeal cancer patients who underwent total laryngectomy with partial pharyngectomy
over the same period; we compared their oncological outcomes to those of the test group.
The exclusion criteria were a history of previous head and neck irradiation, another primary
head and neck cancer, incomplete medical records, and cancers other than histopathological
squamous cell carcinomas diagnosed at the final pathological review. The primary endpoint
was 5-year overall survival, and the secondary outcome was 5-year disease-free survival.

2.2. Surgical Procedure

All patients underwent open conservation surgery, thus vertical hemipharyngola-
ryngectomy, followed by free-flap reconstruction. Neck dissection was guided by nodal
metastasis status. Elective neck level II, ITI, and IV dissections were conducted when nodal
metastasis was absent. Therapeutic neck dissections of levels I to V were performed when
nodal metastasis was confirmed prior to surgery. Then, with careful attention to prevent
injury to the hypoglossal nerve, superior laryngeal nerve, and lingual nerve, the strap
muscles (the sternohyoid and thyrohyoid muscles) were resected from the hyoid bone
to the head of the sternoclavicular insertion, followed by division of the hyoid bone at
the midpoint. The thyroid cartilage was incised from the midline to the cricoid level, and
hypopharyngeal access was achieved via transverse pharyngotomy along the upper margin
of hyoid bone. This allowed vertical resection of the epiglottis when assessing tumor extent
but nonetheless ensured a safe resection margin. The incised thyroid cartilage was retracted
laterally to expose the primary lesion. Next, in the posterior aspects, vertical downward
resection was performed from the posterior commissure to the upper end of the cricoid
cartilage. The larynx, including the tumor, was excised en bloc. Glottic reconstruction
employed the palmaris longus tendon for patients who underwent radial free-flap surgery
of the forearm. The type of vertical hemipharyngolaryngectomy and the reconstruction
method chosen was based on tumor size and location, as described previously [14].
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2.3. Postoperative Adjuvant Treatment

Prescription of adjuvant treatment was based on a consensus formed during a multidis-
ciplinary meeting of otorhinolaryngology, oncology, radiation oncology, nuclear medicine,
plastic surgery, radiology, and pathology experts. Patients with positive or close margins,
advanced-stage disease, lymphovascular or perineural invasion, multiple lymph node
metastases, or extranodal extensions on the final pathological findings were prescribed
postoperative chemoradiation or radiation therapy alone.

2.4. Pathological Review

All surgical slides were meticulously examined by a single, very experienced pathol-
ogist who specializes in evaluation of head-and-neck malignancies. Serial sections were
performed to determine tumor spread and invasion into adjacent structures. The staining
of the preparations with hematoxylin and eosin was used as the standard method in the
microscopic studies. The extent of invasion of the paraglottic and pre-epiglottic spaces,
the thyroid gland, thyroid cartilage (including through-and-through extensions), and the
lymphovascular and perineural invasions were thoroughly investigated (Figure 1). If
the tumor involved more than two hypopharyngeal subsites, the primary site was the
dominant tumor location.

Figure 1. Pathologic pictures of adjacent invasion of hypopharyngeal cancer. (a) paraglottic space
invasion, (b) pre-epiglottic space invasion, (c) thyroid cartilage invasion, and (d) thyroid gland
invasion.

2.5. Statistical Analysis

All statistical analyses employed SPSS ver. 25.0 software (IBM, Armonk, NY, USA).
Categorical values were compared using the chi-square and Fisher’s exact tests and multiple
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logistic regression and correlation analyses, as appropriate. The 5-year overall survival
and 5-year disease-free survival rates were derived by drawing Kaplan-Meier curves and
compared using the log-rank test. A p-value < 0.05 was considered to indicate statistical
significance.

3. Results
3.1. Patient Characteristics

Table 1 summarizes the patient characteristics. The median age was 59.8 £ 17.3 years
(range 44-73 years). All 49 patients were male, and the mean follow-up time was 22.7 months.
Of all patients, 38 were current smokers, 7 were ex-smokers, and 4 were non-smokers. The
most common primary tumor location was the pyriform sinus (87.8%), followed by the
posterior pharyngeal wall (10.2%) and postcricoid (2.0%). The pathological T classification
distributions were pT1 in 6 patients (12.2%), pT2 in 21 (42.9%), pT3 in 15 (30.6%), and pT4
in 7 (14.3%). Neck nodal metastases were present in 42 patients (11 in pN1, 28 in pN2,
and 3 in pN30O). Of these patients, 25 experienced failure of disease control, including
19 (38.8%) locoregional recurrences and 6 (12.2%) distant metastases. Reconstructions
employed radial forearm free flaps in 48 patients (98%) and an anterolateral thigh free flap
in 1 (2%). Postoperative chemoradiation was prescribed for 34 patients (69.4%), whereas
10 (20.4%) received radiation alone. Five patients (10.2%) were followed up without further
treatment.

Table 1. Patient demographics.

Variables Number of Patients (%)
All 49
Mean age, years 59.8 +17.3
Gender
Men 49 (100)
Women 0(0)
Smoking
Current 38 (77.6)
Ex-smoker 7 (14.3)
Non-smoker 4(8.2)
Location
Pyriform sinus 43 (87.8)
Posterior pharyngeal wall 5(10.2)
Postcricoid 1(2.0)

Pathological T and N classification
T classification

pT1 6(12.2)
pT2 21 (42.9)
pT3 15 (30.6)
pT4 7 (14.3)
N classification
pNO 7 (14.3)
pN1 11 (22.4)
pN2 28 (57.1)
pN3 3(6.1)
Reconstruction
Radial forearm free flap 48 (98.0)
Anterolateral thigh free flap 1(2.0)
Disease control
Disease-free 24 (49.0)
Recurrence 25 (51.0)
Locoregional 19 (38.8)
Distant 6(12.2)
Postoperative adjuvant treatment
Concurrent chemoradiation 34 (69.4)
Radiation alone 10 (20.4)

None 5(10.2)
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3.2. Histopathological Analysis

The extent of adjacent-structure invasions and the adverse histopathological features
of patients who underwent vertical hemipharyngolaryngectomy to treat hypopharyngeal
cancer are listed in Table 2. The paraglottic space was the most commonly invaded in
13 patients (26.5%), followed by the thyroid cartilage in 9 (18.4%), the pre-epiglottic space
in 4 (8.2%), and the thyroid gland in 2 (4.1%). Though-and-through invasion of the thyroid
cartilage was not detected. Lymphovascular invasion was identified in 35 patients (71.4%),
and perineural invasion was observed in 11 (22.4%).

Table 2. Histopathologic analysis after vertical hemipharyngolaryngectomy.

Subsites Number of Patients (%)
Paraglottic space invasion 13 (26.5)
Pre-epiglottic space invasion 4(8.2)
Thyroid cartilage invasion 9 (18.4)
Thyroid gland invasion 2(4.1)
Perineural invasion 11 (22.4)
Lymphovascular invasion 35(71.4)

3.3. Oncological Outcomes and the Histopathological Features of Patients Undergoing Vertical
Hemipharyngolaryngectomy

Figure 2 compares oncological outcomes between patients who underwent total la-
ryngectomy with partial pharyngectomy and those who had vertical hemipharyngola-
ryngectomy. The 5-year overall survival rate after vertical hemipharyngolaryngectomy
was comparable to that after total laryngectomy with partial pharyngectomy (68.7% vs.
48.4%, p = 0.14). The correlation between 5-year disease-free survival and the independent
histopathological parameters of patients who underwent vertical hemipharyngolaryn-
gectomy is presented in Table 3. In univariate analysis, all evaluated histopathological
parameters tended to reduce 5-year disease-free survival. Pre-epiglottic space invasion
(hazard ratio [HR] = 7.30, 95% confidence interval [CI] = 0.310-11.143, p = 0.04) and lympho-
vascular invasion (HR = 1.41, 95% CI = 0.352-7.234, p = 0.05) were particularly significant in
this context. In multivariate analysis of these two parameters, pre-epiglottic space invasion
was associated with significantly decreased 5-year disease-free survival (HR = 5.35, 95%
CI =0.522-8.326, p = 0.04).

Table 3. Univariate and multivariate analysis for 5-year disease-free survival according to the
histopathological parameters.

Univariate Analysis Multivariate Analysis

Subsite Hazard Ratio Value Hazard Ratio Value
(95% CI) P (95% CI) P
Paraglottic space 1.35 072
invasion (0.289-4.493) ’
Pre-epiglottic space 7.30 . 5.35 "
invasion (0.310-11.143) 0.04 (0.522-8.326) 0.04
Thyroid cartilage 1.89 052
invasion (0.440-4.952) ’
. . . 1.27
Thyroid gland invasion (0.125-3.315) 0.76
Perineural invasion 379 0.95
(0.285-6.163)
Lymphvascular 1.41 " 1.58
invasion (0.352-7.234) 0.05 (0.492-3.573) 0.25

CI: confidence interval, * for statistical significance.
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Figure 2. Five-year overall survival (OS) rate of hypopharynx cancer. Conservation surgery and total
laryngopharygnectomy showed 68.7% and 48.4% of 5-year OS rate, respectively (p = 0.14).

3.4. Hypopharyngeal Cancer Prognoses According to Invasion Status of the Pre-Epiglottic and
Paraglottic Spaces and Thyroid Cartilage

Figure 3 compares the prognoses of hypopharyngeal cancer patients based on the
invasion status of adjacent structures. A significant difference in 5-year overall survival
rates was apparent between patients with and without pre-epiglottic space invasion (21.4%
vs. 73.5%, p = 0.01). Pre-epiglottic space invasion was associated with a significantly
lower 5-year disease-free survival rate (17.9% vs. 69.7%, p = 0.01). For patients with
paraglottic space invasion, the 5-year overall survival rate was 51.9%, somewhat lower than
that of patients without such invasion (68.8%), but the difference did not attain statistical
significance (p = 0.23). Similarly, the 5-year disease-free survival rate was lower in patients
with paraglottic space invasion than in those without, but the difference was not statistically
significant (64.7% vs. 35.7%, p = 0.24). In terms of thyroid cartilage invasion (yes/no), there
were no statistically significant differences in the 5-year overall survival rates (65.0% vs.
50.0%, p = 0.64) or the 5-year disease-free survival rates (40.0% vs. 60.6%, p = 0.22).
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Figure 3. Comparison of 5-year overall survival (OS) and 5-year disease-free survival (DFS) rate

in hypopharynx cancer by invasion of adjacent structures invasion. (a) 5-year OS; 21.4% with pre-

epiglottic space invasion, 73.5% without pre-epiglottic space invasion (p = 0.01) (b) 5-year DFS; 17.9%

with pre-epiglottic space invasion, 69.7% without pre-epiglottic space invasion (p = 0.01) (c) 5-year
OS; 51.9% with paraglottic space invasion, 68.8% without paraglottic invasion (p = 0.23) (d) 5-year
DFS; 35.7% with paraglottic space invasion, 64.7% without paraglottic space invasion (p = 0.24)
(e) 5-year OS; 50.0% with thyroid cartilage invasion, 65.0% without thyroid cartilage invasion
(p = 0.64) (f) 5-year DFS; 40.0% with thyroid cartilage invasion, 60.6% without thyroid cartilage

invasion (p = 0.22).
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4. Discussion

Hypopharyngeal cancer poses significant surgical challenges, given the poor prog-
nosis and the serious functional implications of radical procedures. Traditionally, total
laryngectomy with partial pharyngectomy has been the standard surgical treatment for ad-
vanced cases of hypopharyngeal cancer since the method was introduced by the renowned
surgeon Theodor Billroth in 1873 [15-17]. However, radical ablation often results in loss of
speech and swallowing functions, significantly compromising the quality of life [4,16,18].
With advances in surgical techniques, significant efforts have been devoted to the imple-
mentation of conservative, minimally invasive surgeries; these have attracted considerable
attention [8,19]. In the early 1980s, Steiner et al. developed transoral laser surgery to treat
hypopharyngeal cancer; this was a major milestone [20,21]. By employing this innovative
technique, it is possible to spare the structures involved in these vital functions; patients
continue to communicate and eat [22]. Such preservation of functional abilities improves
overall well-being and quality of life and removes any need for the permanent tracheostomy
required after total laryngectomy with partial pharyngectomy [23]. Furthermore, minimally
invasive surgery maintains respiratory function to some extent, improving pulmonary
health and the quality of life [24]. Recently, robotic systems that aid surgery have emerged
as potentially effective alternatives for the treatment of hypopharyngeal cancer. Mazerolle
et al. reported that conservative, transoral robotic surgery to treat pyriform sinus cancer
afforded a remarkable success rate; 96% of all patients resumed oral diets [25]. Park et al.
found that transoral robotic hypopharyngectomy saving the ipsilateral arytenoid carti-
lage (to preserve function) allowed patient decannulation at an average of 6.3 days after
surgery; the average time to the return of swallowing function in all patients was only
8.3 days [26]. We presented a mini-review of the literature, including recently published
articles on Minimally Invasive Surgery for Hypopharyngeal Cancer in Table 4.

The various conservation surgeries, including transoral laser surgery, transoral robotic
surgery, videolaryngoscopic surgeries, and endoscopic treatments, enhance the precision
of tumor resection by affording excellent surgical visualization. This renders surgery easier
by reducing the stress imposed on surgeons, in turn improving functional outcomes [18].
The continuous advances are exciting; the future of hypopharyngeal treatment is bright.
However, these transoral surgeries can only be applied to early stage hypopharyngeal
cancer patients. Therefore, it is necessary to evaluate the oncological outcomes of open
conservation surgery, which allows for preservation of laryngeal function. Many studies
have compared survival and disease-control rates after conservation surgery and con-
ventional radical surgery [27,28]. In 1980, Ogura et al. reported that open conservation
surgery to treat pyriform sinus cancers afforded better disease control than conventional
radical surgery; the 3-year overall survival rate was higher (59% vs. 36%, respectively; the
percentages differed significantly) [29]. A recent study found that the recurrence rates were
similar in a partial laryngopharyngectomy group and a conventional radical surgery group
(44% vs. 36%, p = 0.431) [30]. The findings consistently imply that the oncological outcomes
of open conservation surgery are comparable to those of conventional radical surgery. In
patients with early-stage (pT1 or pT2) hypopharyngeal cancer, in whom tumors are con-
fined to specific subsites and thus have not extensively spread, conservation surgery may
be potentially curative. Selective removal of affected areas with preservation of adjacent
structures allows patients to retain essential functions, enhancing postoperative quality of
life. Maintenance of both speech and swallowing function may be impossible after more-
ablative surgeries. However, the utilities of conservative surgeries to treat advanced-stage
hypopharangeal cancer remain unclear; efficacy and safety in such situations require more
research. When tumors have infiltrated adjacent structures extensively or have metasta-
sized to regional lymph nodes, any useful role for conservation surgery remains rather
uncertain. The complexity of the disease, the risk for residual tumor cells, and the potential
for disease recurrence may indicate that optimal oncological outcomes may be elusive if
only conservation surgery is chosen. In our study, the pathological T classification was
quite evenly distributed; almost half of all patients (44.9%) had advanced-stage disease.
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However, all who underwent vertical hemipharyngolaryngectomy exhibited better 5-year
overall survival than those treated via total laryngectomy with partial pharyngectomy. This
implies that open conservation surgery may be valuable not only for those with early-stage
hypopharyngeal cancers but also for patients with advanced-stage disease, thus most
patients with such cancers. However, careful patient selection is crucial to ensure that
outcomes are optimal. We found that pre-epiglottic space invasion was associated with
a poor prognosis, decreasing both the 5-year disease-free survival and the 5-year overall
survival rates, and we believe that this finding can be utilized as valuable data in the
selection of surgical candidates.

Table 4. Summary of demographics, prognosis, and complications.

0OS,<2y>, DFS, <2y>,

Series Technique No. pts M/F Age, mean Gy), 5y} Gy), 5y} Complications
Hassid etal, TORS 2 18/4 60 (54%) (92%) 13% bleedin
2020 [22] ° ’ ’ 8
C . 8% bleeding; 13%
Kishimoto et al., Endo 118 114/4 65.6 (93.6%) Subcutaneous
2020 [28]
emphysema
12% aspiration
pneumonia; 4%
KUO eg}l-, 2013 TLM 25 24/1 58 (79%) (83%) Subcutaneous
emphysema; 4%
wound infection
Tomifuji et al., o o 0 :
2020 [] TOVS 115 106/9 67 {83.2%]} {94.3%} 2.6% bleeding
5% bleeding; 2%
Mazerolle et al., TORS 57 52/5 60 <84%> cervical hematoma;
2015 [25] 0
2% pharyngostoma

No. pts: Number of patients, OS: overall survival, DFS: disease-free survival, 2 y: 2-year, 3 y: 3-year, 5 y: 5-year,
TORS: trans-oral robotic surgery, Endo: Endoscopic surgery, TLM: Trans-oral laser microsurgery, TOVS: trans-oral
videolaryngoscopic surgery.

There are several possible reasons why pre-epiglottic space invasion might greatly
affect patients’ prognosis. The pre-epiglottic space features fibro-fatty tissue, elastic and col-
lagen fibers, and lymphatic ducts. However, the blood supply is limited, which can trigger
necrosis within a central tumor region [31,32]. This renders adjuvant treatment difficult by
restricting the delivery of therapeutic agents. The lymphatic drainage pattern of hypopha-
ryngeal cancer may explain the significance of pre-epiglottic space invasion. Lymphatic
channels within the pre-epiglottic space serve as pathways for cells that will create cervical
metastases; the lymphatic flow is directed toward the upper cervical lymph nodes [33].
Therefore, the presence of cancer cells within the pre-epiglottic space increases the risk
for cervical metastases. Furthermore, the pre-epiglottic space is connected to the lateral
paraglottic spaces via collagen-containing membranes and elastic fibers that extend from
the epiglottis to the laryngeal prominence. Such connectivity implies that tumor invasion
of the pre-epiglottic space indicates more advanced disease progression. Hypopharyngeal
tumors typically enter the paraglottic space before invading the pre-epiglottic space [34].
Therefore, pre-epiglottic space invasion is an indicator of tumor advancement. Given the
intricate anatomical relationships in play and their clinical implications, pre-epiglottic
space invasion status critically affects hypopharyngeal cancer prognosis. Pre-epiglottic
space involvement is a marker of necrosis, potential lymphatic dissemination, and ad-
vanced disease stage, all of which compromise patient outcomes and thus warrant careful
consideration when developing treatment strategies and predicting patient prognosis.

Accurate evaluation of pre-epiglottic space invasion status is essential when planning
treatment for hypopharyngeal cancer. Laryngoscopy and physical examination yield
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useful preliminary data but may not adequately reveal the extent of pre-epiglottic space
involvement. Loevner et al. reported that unenhanced T1-weighted magnetic resonance
images very sensitively revealed tumor infiltration of the pre-epiglottic space in patients
with malignancies at risk for further spread; the specificity was 84%, and the sensitivity was
90% [35]. Rapoport et al. found that computed tomography reliably revealed pre-epiglottic
space invasion [32]. However, current imaging techniques do not consistently detect pre-
epiglottic space invasion at the microscopic level [36-38]. More sensitive imaging methods
and/or protocols incorporating the use of complementary approaches may improve the
accuracy of preoperative predictions. It is possible that positron emission tomography
or other advanced imaging protocols, such as diffusion-weighted imaging, might reveal
pre-epiglottic space invasion at earlier stages.

Our work had several limitations. Firstly, any retrospective study conducted at a
single institution is associated with non-trivial risks of selection bias and the presence
of unknown confounding factors, possibly limiting the generalizability of our findings
to larger populations and/or different clinical settings. Secondly, our relatively small
sample size meant that we employed compromised statistical power and precision; we
may not have detected subtle differences or associations. Thirdly, we did not examine the
demographic characteristics of patients who underwent total laryngectomy with partial
pharyngectomy, which prevented us from analyzing the differences in parameter distri-
bution between the two groups (total laryngectomy with partial pharyngectomy vs. wide
vertical hemipharyngolaryngectomy) when assessing the prognosis. Furthermore, it is
important to note that we focused on a specific form of open conservation surgery, thus
not all types of conservation surgery. However, it is equally important to highlight our
unique contribution. We evaluated the impacts of various histopathological features on the
prognoses of hypopharyngeal cancer patients undergoing conservation surgery. Despite
the aforementioned limitations, we thus offer some valuable insights that may serve as the
basis for further research. These provide potential guidance to surgeons who wish to use
open conservation surgery to treat patients with hypopharyngeal cancer, even those with
advanced disease.

5. Conclusions

The prognosis of hypopharyngeal cancer patients undergoing open conservation
surgery is seriously compromised when the final pathological findings reveal pre-epiglottic
space invasion; both the 5-year overall survival and 5-year disease-free survival rates
are reduced. It is essential to evaluate pre-epiglottic space invasion status meticulously
when planning surgical treatment. Future studies should refine existing treatments and
develop personalized strategies. It is essential to improve the outcomes of patients with
even advanced-stage hypopharyngeal cancer scheduled for open conservation surgery.

Author Contributions: Conceptualization, J.B., S.-Y.K. and D.-L.S.; Methodology, O.-H.L. and G.-].K,;
Formal Analysis, ].B., O.-H.L. and G.-].K; Investigation, O.-H.L. and G.-] K.; Writing—Original Draft
Preparation, J.B.; Writing—Review and Editing, J.B., S.-Y.K. and D.-L.S.; Supervision, S.-Y.K. and
D.-I.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of
the Declaration of Helsinki, and approved by the Institutional Review Board of Seoul St. Mary’s
Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea (protocol
code KC23RASI0572; date of approval: 1 August 2023).

Informed Consent Statement: Patient consent was waived due to retrospective anonymous data
collection without any risk to the patient.

Data Availability Statement: The datasets used and/or analyzed during the current study available
from the corresponding author on reasonable request.



Medicina 2023, 59, 1873 11 0f12

Acknowledgments: The author wish to acknowledge the financial support of the Catholic Medical
Center Research Foundation made in the program year of 2022.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Vokes, E.E.; Weichselbaum, R.R.; Lippman, S.M.; Hong, W.K. Medical Progress. N. Engl. . Med. 1993, 328, 184-194. [CrossRef]

2. Newman, ].R.; Connolly, T.M.; Illing, E.A.; Kilgore, M.L.; Locher, J.L.; Carroll, W.R. Survival trends in hypopharyngeal cancer: A
population-based review. Laryngoscope 2015, 125, 624-629. [CrossRef] [PubMed]

3. Scharpf, J.; Esclamado, R.M. Reconstruction with radial forearm flaps after ablative surgery for hypopharyngeal cancer. Head
Neck 2003, 25, 261-266. [CrossRef] [PubMed]

4. Milliet, F; Gal, J.; Chamorey, E.; Dassonville, O.; Poissonnet, G.; Peyrade, F.; Benezery, K.; Hechema, R.; Sudaka, A.; Sanchez-Luini,
M.; et al. Total pharyngolaryngectomy in the elderly: The impact of age on postoperative complications and oncologic and
functional outcomes. Surg. Oncol. 2018, 27, 767-772. [CrossRef] [PubMed]

5. Kuo, C.L; Lee, T.L.; Chu, PY. Conservation surgery for hypopharyngeal cancer: Changing paradigm from open to endoscopic.
Acta Otolaryngol. 2013, 133, 1096-1103. [CrossRef] [PubMed]

6. Takes, R.P; Strojan, P; Silver, C.E.; Bradley, PJ.; Haigentz, M., Jr.; Wolf, G.T.; Shaha, A.R.; Hartl, D.M.; Olofsson, J.; Langendijk,
J.A; et al. Current trends in initial management of hypopharyngeal cancer: The declining use of open surgery. Head Neck 2012, 34,
270-281. [CrossRef]

7. Ogura, ].H,; Jurema, A.A.; Watson, R.K. Partial laryngopharyngectomy and neck dissection for pyriform sinus cancer. Conserva-
tion surgery with immediate reconstruction. Laryngoscope 1960, 70, 1399-1417. [CrossRef]

8.  Tomifuji, M.; Araki, K.; Uno, K.; Kamide, D.; Tanaka, S.; Suzuki, H.; Tanaka, Y.; Kimura, E.; Hirokawa, S.; Taniai, S.; et al. Transoral
videolaryngoscopic surgery for laryngeal and hypopharyngeal cancer—Technical updates and long-term results. Auris Nasus
Larynx 2020, 47, 282-290. [CrossRef]

9.  Lorincz, B.B.; Busch, C.J.; Mockelmann, N.; Knecht, R. Feasibility and safety of transoral robotic surgery (TORS) for early
hypopharyngeal cancer: A subset analysis of the Hamburg University TORS-trial. Eur. Arch. Otorhinolaryngol. 2015, 272,
2993-2998. [CrossRef]

10. Chantrain, G.; Deraemaecker, R.; Andry, G.; Dor, P. Wide vertical hemipharyngolaryngectomy with immediate glottic and
pharyngeal reconstruction using a radial forearm free flap: Preliminary results. Laryngoscope 1991, 101, 869-875. [CrossRef]

11. Kim, M.S,; Joo, Y.H.; Cho, K ].; Park, J.O.; Sun, D.I. A Classification System for the Reconstruction of Vertical Hemipharyngola-
ryngectomy for Hypopharyngeal Squamous Cell Carcinoma. Arch. Otolaryngol. Head Neck Surg. 2010, 137, 88-94. [CrossRef]
[PubMed]

12. Krstevska, V. Early stage squamous cell carcinoma of the pyriform sinus: A review of treatment options. Indian J. Cancer 2012, 49,
236-244. [CrossRef] [PubMed]

13. Bozec, A.; Poissonnet, G.; Dassonville, O.; Culie, D. Current Therapeutic Strategies for Patients with Hypopharyngeal Carcinoma:
Oncologic and Functional Outcomes. |. Clin. Med. 2023, 12, 1237. [CrossRef] [PubMed]

14. Hermans, R.; Feron, M.; Bellon, E.; Dupont, P; Bogaert, W.V.; Baert, A.L. Laryngeal tumor volume measurements determined
with ct: A study on intra- and interobserver variability. Int. ]. Radiat. Oncol. Biol. Phys. 1998, 40, 553-557. [CrossRef] [PubMed]

15. Lefebvre, J.L.; Ang, K.K.; Larynx Preservation Consensus, P. Larynx preservation clinical trial design: Key issues and
recommendations--a consensus panel summary. Head Neck 2009, 31, 429-441. [CrossRef]

16. Layton, T.; Thomas, R.; Harris, C.; Holmes, S.; Fraser, L.; Silva, P.; Winter, S.C. Functional Outcomes Following Total Laryngectomy
and Pharyngolaryngectomy: A 20-Year Single Center Study. Ann. Otol. Rhinol. Laryngol. 2022, 131, 1301-1309. [CrossRef]

17. Mudry, A.; Laccourreye, O. 2023: Total laryngectomy’s 150th anniversary! Eur. Ann. Otorhinolaryngol. Head Neck Dis. 2023, 140, 1.
[CrossRef]

18.  Anschuetz, L.; Shelan, M.; Dematte, M.; Schubert, A.D.; Giger, R.; Elicin, O. Long-term functional outcome after laryngeal cancer
treatment. Radiat. Oncol. 2019, 14, 101. [CrossRef]

19. Tateya, I; Shiotani, A.; Satou, Y.; Tomifuji, M.; Morita, S.; Muto, M.; Ito, . Transoral surgery for laryngo-pharyngeal cancer—The
paradigm shift of the head and cancer treatment. Auris Nasus Larynx 2016, 43, 21-32. [CrossRef]

20. Vilaseca, I; Blanch, J.L.; Bernal-Sprekelsen, M. Transoral laser surgery for hypopharyngeal carcinomas. Curr. Opin. Otolaryngol.
Head Neck Surg. 2012, 20, 97-102. [CrossRef]

21. Steiner, W. Experience in endoscopic laser surgery of malignant tumors of the upper aerodigestive tract. Adv. Otorhinomlaryngol.
1988, 39, 135-144.

22. Hassid, S.; Van der Vorst, S.; Delahaut, G.; Ambroise, J.; Lawson, G. Transoral robotic surgery hypopharyngectomy (TORSH):
Feasibility and outcomes. Eur. Arch. Otorhinolaryngol. 2020, 277, 2883-2892. [CrossRef]

23. Satou, Y.; Omori, T.; Tagawa, M. Treatment of superficial carcinoma in the hypopharynx. Nihon Jibiinkoka Gakkai Kaiho 2006, 109,
581-586. [CrossRef] [PubMed]

24. Motamed, M.; Laccourreye, O.; Bradley, PJ. Salvage conservation laryngeal surgery after irradiation failure for early laryngeal

cancer. Laryngoscope 2006, 116, 451-455. [CrossRef] [PubMed]


https://doi.org/10.1056/NEJM199301213280306
https://doi.org/10.1002/lary.24915
https://www.ncbi.nlm.nih.gov/pubmed/25220657
https://doi.org/10.1002/hed.10197
https://www.ncbi.nlm.nih.gov/pubmed/12658729
https://doi.org/10.1016/j.suronc.2018.10.007
https://www.ncbi.nlm.nih.gov/pubmed/30449505
https://doi.org/10.3109/00016489.2013.805341
https://www.ncbi.nlm.nih.gov/pubmed/23869670
https://doi.org/10.1002/hed.21613
https://doi.org/10.1288/00005537-196010000-00002
https://doi.org/10.1016/j.anl.2019.09.003
https://doi.org/10.1007/s00405-014-3259-0
https://doi.org/10.1288/00005537-199108000-00011
https://doi.org/10.1001/archoto.2010.210
https://www.ncbi.nlm.nih.gov/pubmed/21242554
https://doi.org/10.4103/0019-509X.102920
https://www.ncbi.nlm.nih.gov/pubmed/23107977
https://doi.org/10.3390/jcm12031237
https://www.ncbi.nlm.nih.gov/pubmed/36769885
https://doi.org/10.1016/S0360-3016(97)00853-5
https://www.ncbi.nlm.nih.gov/pubmed/9486604
https://doi.org/10.1002/hed.21081
https://doi.org/10.1177/00034894211072987
https://doi.org/10.1016/j.anorl.2022.10.006
https://doi.org/10.1186/s13014-019-1299-8
https://doi.org/10.1016/j.anl.2015.06.013
https://doi.org/10.1097/MOO.0b013e32834fa8fe
https://doi.org/10.1007/s00405-020-05984-y
https://doi.org/10.3950/jibiinkoka.109.581
https://www.ncbi.nlm.nih.gov/pubmed/16910578
https://doi.org/10.1097/01.MLG.0000199591.92336.06
https://www.ncbi.nlm.nih.gov/pubmed/16540908

Medicina 2023, 59, 1873 12 0of 12

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

Mazerolle, P; Philouze, P.; Garrel, R.; Aubry, K.; Moriniere, S.; El Bedoui, S.; Ton Van, J.; Ferron, C.; Malard, O.; Jegoux, F; et al.
Oncological and functional outcomes of trans-oral robotic surgery for pyriform sinus carcinoma: A French GETTEC group study.
Oral Oncol. 2018, 86, 165-170. [CrossRef]

Park, YM.; Kim, W.S.; Byeon, H.K.; De Virgilio, A.; Jung, J.S.; Kim, S.H. Feasiblity of transoral robotic hypopharyngectomy for
early-stage hypopharyngeal carcinoma. Oral Oncol. 2010, 46, 597-602. [CrossRef]

Cho, K.J.; Kim, M.S.; Cho, ].H.; Park, J.O.; Nam, I.C.; Kim, C.S.; Joo, Y.H. Oncological and functional outcomes of partial or total
laryngopharyngectomy for hypopharyngeal cancer with thyroid or cricoid cartilage invasion. Acta Otolaryngol. 2023, 143, 429-433.
[CrossRef]

Kishimoto, Y.; Tateya, I.; Funakoshi, M.; Miyamoto, S.I.; Muto, M.; Omori, K. Endoscopic laryngopharyngeal surgery for
hypopharyngeal lesions. Oral Oncol. 2020, 106, 104655. [CrossRef]

Ogura, J.H.; Marks, J.E.; Freeman, R.B. Results of conservation surgery for cancers of the supraglottis and pyriform sinus.
Laryngoscope 1980, 90, 591-600. [CrossRef]

Kuo, Y.L,; Chang, C.F; Chang, S.Y.; Chu, PY. Partial laryngopharyngectomy in the treatment of squamous cell carcinoma of
hypopharynx: Analysis of the oncologic results and laryngeal preservation rate. Acta Otolaryngol. 2012, 132, 1342-1346. [CrossRef]
Suoglu, Y.; Guven, M,; Kiyak, E.; Enoz, M. Significance of pre-epiglottic space invasion in supracricoid partial laryngectomy with
cricohyoidopexy. J. Laryngol. Otol. 2008, 122, 623—-627. [CrossRef]

Rapoport, A.; Botelho, R.A.; Souza, R.P; Cavalcanti, S.M.; Furlam, S.; Tornin Ode, S.; Souza, T.R. The importance of pre-epiglottis
space invasion in the treatment planning of larynx and hypopharynx cancer. Braz. J. Otorhinolaryngol. 2008, 74, 74-78. [CrossRef]
[PubMed]

Dursun, G.; Keser, R.; Akturk, T.; Akiner, M.N.; Demireller, A.; Sak, S.D. The significance of pre-epiglottic space invasion in
supraglottic laryngeal carcinomas. Eur. Arch. Otorhinolaryngol. 1997, 254, 110-112. [CrossRef]

Clerf, L.H. The preepiglottic space: Its relation to carcinoma of the epiglottis. Arch. Otolaryngol. 1944, 43, 177-179. [CrossRef]
Loevner, L.A.; Yousem, D.M.; Montone, K.T.; Wever, R.; Chalian, A.A.; Weinstein, G.S. Can radiologists accurately predict PES
invasion with MR imaging? Am. J. Roentgenol. 1997, 169, 1681-1687. [CrossRef]

Zeitels, S.M.; Vaughan, C.W.; Domanowski, G.F. Endoscopic Management of Early Supraglottic Cancer. Ann. Otol. Rhinol.
Laryngol. 1990, 99, 951-956. [CrossRef] [PubMed]

Yaffe, N.M.; Quereshy, H.A.; Quinton, B.A.; Otteson, T.D.; Shah, J.R. Reimbursement Trends in Pediatric Otolaryngology From
2000 to 2020: A CMS Physician Fee Schedule Analysis. Otolaryngol. Head Neck Surg. 2023, 168, 59-64. [CrossRef] [PubMed]
Mafee, M.F; Schild, J.A.; Valvassori, G.E.; Capek, V. Computed tomography of the larynx: Correlation with anatomic and
pathologic studies in cases of laryngeal carcinoma. Radiology 1983, 147, 123-128. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.oraloncology.2018.09.014
https://doi.org/10.1016/j.oraloncology.2010.05.003
https://doi.org/10.1080/00016489.2023.2205443
https://doi.org/10.1016/j.oraloncology.2020.104655
https://doi.org/10.1288/00005537-198004000-00005
https://doi.org/10.3109/00016489.2012.700122
https://doi.org/10.1017/S0022215107000370
https://doi.org/10.1016/S1808-8694(15)30754-0
https://www.ncbi.nlm.nih.gov/pubmed/18392505
https://doi.org/10.1007/BF02439738
https://doi.org/10.1001/archotol.1944.00680020231007
https://doi.org/10.2214/ajr.169.6.9393190
https://doi.org/10.1177/000348949009901204
https://www.ncbi.nlm.nih.gov/pubmed/2244727
https://doi.org/10.1177/01945998221091697
https://www.ncbi.nlm.nih.gov/pubmed/35380876
https://doi.org/10.1148/radiology.147.1.6828716
https://www.ncbi.nlm.nih.gov/pubmed/6828716

	Introduction 
	Materials and Methods 
	Patients 
	Surgical Procedure 
	Postoperative Adjuvant Treatment 
	Pathological Review 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Histopathological Analysis 
	Oncological Outcomes and the Histopathological Features of Patients Undergoing Vertical Hemipharyngolaryngectomy 
	Hypopharyngeal Cancer Prognoses According to Invasion Status of the Pre-Epiglottic and Paraglottic Spaces and Thyroid Cartilage 

	Discussion 
	Conclusions 
	References

