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Abstract \
Background: The aim of this study was to compare the risk of developing sudden sensorineural hearing loss (SSHL) in patients
with hypopharyngeal cancer with that in patients with nasopharyngeal carcinoma (NPC).

Methods: A population-based, retrospective cohort study was performed using the Taiwan National Health Research Database
databank. Patients selected for this study were diagnosed with hypopharyngeal cancer or NPC and treated with radiotherapy in
the period from 2001 to 2004. Routine follow-up was conducted for 8 years (2004-2012), and the incidence of SSHL was calcu-
lated at the final follow-up.

Results: There was no significant difference in the risk of developing SSHL between the hypopharyngeal cancer group and its
control group (p = 1.000). In hypopharyngeal cancer and NPC groups, the rates of SSHL were 0.12% and 1.00%, respectively
(o < 0.001). The cumulative hazard of SSHL during the follow-up period was significantly higher in the NPC group than in the
control group (p < 0.001).

Conclusion: Radiotherapy in patients with hypopharyngeal cancer did not increase the risk of developing SSHL, but postirradia-

tion NPC was significantly associated with an increased incidence of SSHL.
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1. INTRODUCTION

The global incidence of sudden sensorineural hearing loss (SSHL)
is estimated to be 5-20 cases per 100,000 people per year.! SSHL
is defined as hearing loss of 30 dB or greater over three contigu-
ous audiometric frequencies within 3 days.? Idiopathic SSHL is
associated with several diseases or conditions, including auto-
immune diseases, ototoxicity, trauma, vascular compromise,
tumors, viral infections, and intracochlear membrane rupture.’
A study revealed that nasopharyngeal carcinoma (NPC) might
be associated with an increased risk of developing SSHL and
that the risk increased over time.* Survivors of NPC who under-
went intensity-modulated radiotherapy (IMRT) had a lower
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prevalence of postirradiation sudden deafness compared with
patients who underwent 2-dimensional radiotherapy (2DRT).
The study inferred that SSHL might have a correlation with
the cochlear radiation dose. Ondrey et al® reported that coch-
lear radiation dosage was around 12-35 Gy in hypopharyngeal
cancer and 51-73 Gy in NPC. However, it is unclear whether
radiotherapy in patients with hypopharyngeal cancer increases
the risk of developing SSHL or not. The purpose of this study
was to identify the risk of developing SSHL in patients with
hypopharyngeal cancer. A population-based cohort study was
performed with a large dataset available from the National
Health Insurance Research Database (NHIRD). To the best
of our knowledge, this is the first study comparing the rate of
postirradiation SSHL between patients with hypopharyngeal
cancer and those with NPC.

2. METHODS

2.1. Data (subjects) for analysis

Data from our NHIRD databank were used for analysis. NHIRD
has existed as a universal health care data system since 1995.
The data were released under a deidentification and encrypted
procedure and included all the medical records based on nearly
the entire population of Taiwan, which totaled approximately
23 million people at the time the data request was made.
Each record contains its related diagnosis codes (International
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Classification of Diseases, Ninth revision [ICD-9]) and treat-
ment codes for all of the procedures.

2.2. Design

A retrospective cohort study was performed in two study
groups: (1) an NPC group and (2) a matched non-NPC con-
trol group. The data were sorted by the subject’s date of NPC
diagnosis between the years 2001 and 2004 and was screened
with NPC diagnosis codes (ICD-9: 147). A diagnosis of SSHL
(ICD-9: 388.2) was made from referring teaching hospitals and
referring tertiary medical centers using a consensus definition
of a sensorineural hearing loss of 30 dB or more over a period
of a few hours to 3 days. Patients without NPC (case: control
= 1:5), matched for sex, age, and defined comorbidities, were
randomly selected for the control group. Furthermore, two
additional study groups, hypopharynx cancer (ICD-9: 148)
and matched nonhypopharynx cancer controls (case:control
= 1:5), were selected using the same selection process. Defined
comorbidities in the study included the following: coronary
artery disease (CAD, ICD-9: 410, 411, 413, 414), hypertension
(HTN, ICD-9: 401-405), diabetes mellitus (DM, ICD-9: 250),
and chronic renal disease (CRD, ICD-9: 581-583, 585-588).
Treatment code (36012B) as designated in the NHIRD was used
to select patients who received radiotherapy. The index date for
the patients in the NPC or hypopharynx cancer group was the
date of their first diagnosis, from 2001 to 2004. Follow-up con-
tact with patients were to be continued for 8 years (2004-2012).
Cases in the NPC, non-NPC, hypopharynx, and nonhypophar-
ynx cancer groups were accessed to determine the incidence
of SSHL during the period 2004-2012. The institution review
board approved this study.

2.3. Statistics analysis

Descriptive statistical analysis using Pearson’s chi-squared tests
was conducted to compare the differences in terms of basic char-
acteristics, comorbidities, and the incidence of SSHL between
NPC and the control group. A Cox proportional hazards regres-
sion analysis was used to estimate the hazard ratio (HR) between
the NPC and control group. Propensity score matching was used
to reduce selection bias, and it identified the predicted probabil-
ity of obtaining 1 NPC versus 5 control cases from the logistic
regression model based on baseline covariates (age and sex) and
comorbidities (CAD, HTN, CRD, and DM). The risk of develop-
ing SSHL-related comorbidities, such as HTN, CAD, DM, and
CRD, was estimated using Cox proportional hazards models.
A Kaplan-Meier analysis was used to calculate the cumulative
incidence of SSHL in the NPC and non-NPC groups, and the
Log-rank test was used to analyze the differences in the inci-
dence curves between two groups. The same statistics analysis
was applied on hypopharynx cancer and its control group. All
of the analyses were performed using SAS software version 9.2
(SAS Institute, Cary, NC). The statistical significance level was
set at p <0.05 (2-tailed).

3. RESULTS

3.1. Incidence of SSHL in NPC, hypopharyngeal cancer,
and control groups

The inclusion criteria for NPC were fulfilled by 7506 patients
from the NHIRD in the period from 2001 to 2004. After
excluding eight patients with NPC based on the exclusion cri-
teria, 7498 patients were recruited in the NPC group. Another
37490 patients without NPC were recruited in the control
group (case:control = 1:5). The incidence of SSHL was higher
in the NPC group (0.99%) than in the control group (0.15%,
p < 0.001, Table 1).
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Profiles of patients in the nasopharyngeal carcinoma group and
its control group

NPC Non-NPC
n = 7498 n = 37490 p
Sex
Male 5477 (73.05) 27385 (73.05) 1.000
Female 2021 (26.95) 10105 (26.95)
Age 53.41 (SD =14.02) 53.12 (SD = 14.02)
<45y 2220 (29.61) 11140 (29.71) 0.998
45-64y 3639 (48.53) 18 162 (48.44)
65-74y 1117 (14.90) 5588 (14.91)
>75y 522 (6.96) 2600 (6.94)
Cormobidities
DM
Yes 911 (12.15) 7700 (20.54) <0.001*
No 6587 (87.85) 29790 (79.46)
Hypertension
Yes 1667 (22.23) 11532 (30.76) <0.001*
No 5831 (77.77) 25958 (69.24)
CAD
Yes 513 (6.84) 5846 (15.59) <0.001*
No 6985 (93.16) 31644 (84.41)
Chronic renal disease
Yes 368 (4.91) 3055 (8.15) <0.001*
No 7130 (95.09) 34434 (0.15)
SSHL 74(0.99) 58 (0.15) <0.001*

CAD = coronary artery disease; DM = diabetes mellitus; NPC = nasopharyngeal carcinoma; SSHL =
sudden sensorineural hearing loss.
*p<0.001.

The inclusion criteria for hypopharyngeal cancer were ful-
filled by 2435 patients from the NHIRD in the period from
2001 to 2004. Another 12 175 patients without hypopharyngeal
cancer were recruited in the control group (case:control = 1:5).
The incidence of SSHL was 0.12% in the hypopharyngeal can-
cer group and 0.15% in the control group (p = 1.000, Table 2).

After excluding 110 patients with both NPC and hypopharyn-
geal cancer among the 7506 patients with NPC, we compared
7396 patients with NPC to the 2435 patients with hypopharyn-
geal cancer. The incidence of SSHL was significantly higher in
the NPC group (1%) than in the hypopharyngeal cancer group
(0.12%, p < 0.001, Table 3).

3.2. Hazard ratio of SSHL in NPC, hypopharyngeal cancer,
and control groups

The HR of SSHL was increased in the NPC group (HR: 6.405,
p <0.05), and the HR was increased in patients aged 45-64 years
(HR: 1.159, p < 0.05, Table 4). A higher adjusted hazard ratio
(AHR) was found in patients with NPC (AHR: 7.252, p < 0.05)
and CAD (AHR: 2.025, p < 0.05). Furthermore, a lower AHR
was found in patients aged 65-74 years (AHR: 0.473, p < 0.05)
and those aged >75 years (AHR: 0.171, p < 0.05).

The rate of SSHL showed no significant difference between
the hypopharyngeal cancer group and its control group
(p = 1.00, Table 5). There was no significant change in HR or
AHR of SSHL in the hypopharyngeal cancer group (HR: 0.833,
p = 0.77; AHR: 1.035, p = 0.95), but both were elevated in
patients with DM (HR: 3.698, p < 0.05; AHR: 4.702, p < 0.05).

3.3. Cumulative hazard of SSHL in NPC, hypopharyngeal
cancer, and control groups

The cumulative hazard of SSHL (Fig. 1) in the 8-year follow-up
period from 2004 to 2012 was significantly higher in the NPC
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Profiles of patients in the hypopharynx cancer group and its

control group

Cancer of Cancer of
hypopharynx (+) hypopharynx (-)
n=2435 n=12175 p
Sex
Male 2344 (96.26) 11720 (96.26) 1.000
Female 91 (3.74) 455 (3.74)
Age 58.14 (SD =12.419) 58.13 (SD = 12.416)
<45y 374 (15.36) 1879 (15.43) 0.999
45-64y 1308 (63.72) 6544 (53.75)
65-74y 485 (19.92) 2415 (19.84)
>75y 268 (11.01) 1337 (10.98)
Cormobidities
DM
Yes 336 (13.08) 3017 (24.78) <0.001*
No 2099 (86.02) 9158 (75.22)
Hypertension
Yes 486 (19.96) 4711 (38.69) <0.001*
No 1949 (80.04) 7464 (61.31)
CAD
Yes 168 (6.90) 2465 (20.25) <0.001*
No 2267 (93.10) 9710 (79.75)
Chronic renal disease
Yes 155 (6.37) 1245 (10.23) <0.001*
No 2280 (93.63) 10930 (89.77)
SSHL 3(0.12) 18 (0.15) 1.000
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Hazard ratio of sudden sensorineural hearing loss and the
hazard ratio adjusted for sex, age, and cormobidities in the

nasopharyngeal carcinoma group

HR (95% CI)

Adjusted HR (95% Cl)

Nasopharyngeal carcinoma
Negative 1.000

Positive 6.405* (2.542-9.032)
Age
<45y 1.000
45-64y 1.159* (1.070-2.388)
65-74y 0.664 (0.336-1.314)
>75y 0.259 (0.062—1.080)
Cormobidities
DM
Yes 1.138 (0.750-1.727)
No 1.000
Hypertension
Yes 1.204 (0.839-1.729)
No 1.000
CAD
Yes 1.351 (0.868-2.102)
No 1.000
Chronic renal disease
Yes 0.679 (0.317-1.454)
No 1.000

1.000
7.252* (5.095-10.320)

1.000
1.355 (0.894-2.055)
0.473* (0.232-0.967)
0.171* (0.040-0.728)

1.298 (0.818-2.058)
1.000

1.362 (0.892-2.079)
1.000

2.025" (1.229-3.337)
1.000

0.677 (0.307-1.496)
1.000

CAD = coronary artery disease; Cl = confidence interval; DM = diabetes mellitus; HR = hazard ratio;
SSHL = sudden sensorineural hearing loss.

CAD = coronary artery disease; DM = diabetes mellitus; SSHL = sudden sensorineural hearing loss.
*p<0.001.

Sudden sensorineural hearing loss in malignant neoplasm of the
nasopharynx and hypopharynx

Nasopharyngeal carcinoma Hypopharyngeal cancer

n (%) n (%) P
Total subjects 7396 (100) 2435 (100) <0.001*
SSHL 74 (1.00) 3(0.12)

SSHL = sudden sensorineural hearing loss.
*p<0.001.

group (p < 0.001) than in its control group. The cumulative haz-
ard of SSHL (Fig. 2) in the 8-year follow-up period from 2004 to
2012 showed no significant difference between the hypopharyn-
geal group and the control group (p = 0.77).

4. DISCUSSION

In this study, NPC significantly correlated with an elevated risk of
SSHL, similar to a previous study.* However, the previous study
did not mention how the dose or field of radiotherapy would
affect the risk of developing SSHL. Therefore, we conducted
this study and found that patients with hypopharyngeal cancer,
although treated with radiotherapy, did not have an increased
risk of developing SSHL. Therefore, the radiation dose and field
may play important roles. Another retrospective study’ per-
formed in a single hospital with a limited sample size focused on
the cochlear dose in radiotherapy for NPC and revealed that sur-
vivors of NPC who underwent IMRT had a lower prevalence of
SSHL than those who underwent 2DRT. For a general perspec-
tive, we performed this population-based cohort study compar-
ing postirradiation SSHL between patients with NPC and those

www.ejcma.org

*p<0.05,

Hazard ratio of sudden sensorineural hearing loss and the
hazard ratio adjusted for sex, age, and cormobidities in the
hypopharyngeal cancer group

HR (95% CI) Adjusted HR (95%Cl)
Hypopharynx cancer
Negative 1.000 1.000
Positive 0.833 (2.542-2.829) 1.035 (0.297-3.608)
Age
<45y 1.000 1.000
4564y 1.076 (0.357-3.242) 0.0834 (0.269-0.590)
65-74y 0.194 (0.022-1.737) 0.132 (0.014-1.243)
>75y 0.351 (0.039-3.138) 0.268 (0.028-2.529)
Cormobidities
DM
Yes 3.698* (1.570-8.706) 4.702* (1.851-11.946)
No 1.000 1.000
Hypertension
Yes 0.906 (0.336-2.244) 0.593 (0.208-1.693)
No 1.000 1.000
CAD
Yes 1.821 (0.707-4.693) 2.145(0.743-6.196)
No 1.000 1.000
Chronic renal disease
Yes 0.994 (0.231-4.266) 0.707 (0.154-3.243)
No 1.000 1.000

CAD = coronary artery disease; Cl = confidence interval; DM = diabetes mellitus; HR = hazard ratio;
SSHL = sudden sensorineural hearing loss.

*p<0.05.

with hypopharyngeal cancer and found that the cochlear radia-
tion dose might be correlated with the development of SSHL.

A significantly higher HR in patients aged 45-64 years (HR:
1.159, p < 0.05) was found, which might be attributed to the
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Fig. 1 The cumulative hazard of sudden sensorineural hearing loss in patients

with nasopharyngeal carcinoma (+) and its controls (-) in Taiwan from 2004
to 2012.

median age presentation of NPC of 57.7 years.” Additionally,
lower AHRSs in patients aged 65-74 years and those aged over
75 years were noted. These might be attributed to the fewer
cases of NPC in patients aged above 65 years. CAD was sig-
nificantly associated with SSHL (AHR: 2.025), consistent with
a previous study.® Furthermore, SSHL in the hypopharyngeal
cancer group and its control group was significantly elevated
in patients with DM (HR: 3.698; AHR: 4.702), consistent with
previous studies.”!!

4.1. Effect of radiation on SSHL

SSHL can be caused by radiation therapy. In the etiology of
SSHL, apoptosis of the cochlear hair cells occurs during the pos-
sibility of the upstream activation of p53 after cisplatin and radi-
ation therapy, and synergistic ototoxicity is seen clinically.!>!?
Radiation-induced changes, including degeneration, epithelial
atrophy, and progressive fibrosis of the perilymphatic spaces
within the cochlea, were found in pathological studies and on
high-resolution computed tomography.'*!S High-frequency
SSHL is significantly associated with the concurrent dose of cis-
platin and the mean cochlear radiation dose in NPC.'* However,
the actual mechanisms underlying the development of SSHL in
NPC remains unclear. Survivors of NPC who underwent IMRT
with an estimated radiation dose of 35 Gy had a 10-fold lower
prevalence of postirradiation sudden deafness compared with
patients who underwent 2DRT with a radiation dose of around
50 Gy.>'” Based on this finding, we speculated that the cochlear
radiation dose might be associated with the risk of developing
SSHL. In our study, patients with NPC had a 6.6-fold higher risk
of developing postradiation SSHL compared with patients with
hypopharyngeal cancer. Ondrey et al® reported that the coch-
lear radiation dosage was around 12-35 Gy in hypopharyngeal
cancer and 51-73 Gy in NPC, similar to the difference between
2DRT and IMRT. Exposure of the cochlea to the cisplatin
chemotherapy and mean radiotherapy dose of 15Gy is associ-
ated with hearing loss in patients with head and neck cancer.!®
A cochlear threshold of 35 Gy may lead to hearing preservation
after radiotherapy.” To the best of our knowledge, the thresh-
old and mechanism underlying the cochlear radiation dose that
affects the risk of developing SSHL are unknown. This study
showed a significant correlation between the cochlear radiation
dose and SSHL. Therefore, further research is required on the
mechanism underlying the cochlear radiation dose increasing
the development of SSHL.
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Fig. 2 The cumulative hazard of sudden sensorineural hearing loss in patients
with hypopharyngeal cancer (+) and its controls (=) in Taiwan from 2004 to
2012.

4.2. Postirradiation vascular effect on SSHL

A consistent association between SSHL and microangiopathy
has been reported.?*?! Increased cardiovascular events and the
hazard of stroke were found in patients with SSHL compared
with subjects without such a history.??? Percentages of CRD,
diabetes, and stroke were higher in the NPC group than in the
non-NPC group in a large cohort study.* The rate of our baseline
comorbidities, such as DM, HTN, CAD, and CRD, was higher
in the non-NPC group than in the NPC group. However, the rate
of SSHL was higher in the NPC group. This result suggests that
these comorbidities should not be considered a major contribut-
ing factor in the development of SSHL in patients with NPC.

Chronic cerebral spinal insufficiency is involved in the patho-
genesis of SSHL.?? The mechanism of radiation-induced SSHL is
considered an aseptic inflammation of the vascular endothelium.
Moreover, the smooth muscles and collagen in the blood vessels
swell and degenerate. This process may narrow the lumen of
vessel and reduce the blood supply, causing severe thrombosis
and atherosclerosis.?*2¢ In our findings, patients with NPC had a
6.6-fold higher risk of developing postradiation SSHL compared
with patients with hypopharyngeal cancer. We further inferred
that when the radiation is much closer to the blood supply of
the inner ear, more events of SSHL occur. If vascular injury is
far from the cochlea, such as in postirradiation patients with
hypopharyngeal cancer, there might be a collateral blood supply
to compromise it. Thus, radiotherapy in hypopharyngeal cancer
did not increase the risk of developing SSHL.

4.3. Strengths and limitations of this study

This long-term follow-up and large population-based data
enhanced the statistical power in this study and provided the
risk factors of SSHL in Taiwan with minimal tendency for
selection bias. Furthermore, patients with NPC in Taiwan were
allowed to visit an otolaryngologist immediately without refer-
ral, thus the rate of misdiagnosis from chronic sensorineural
hearing to SSHL was minimized. In Taiwan, patients with cancer
apply for a catastrophic illness identification card after a routine
peer review of their pathology report; hence, the miscoding rate
is extremely low.

Due to the limitations of our database, there were no details
of the stage of cancer, dose of radiotherapy, usage of cisplatin,
or the side of ear with hearing loss. However, radiotherapy for
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head and neck cancer was usually bilateral, regardless of the side
of ear with the cancer.

Cisplatin, widely utilized as an effective antineoplastic medi-
cation for head and neck cancers, is known to cause ototoxic-
ity. However, features of ototoxicity are progressive, symmetric,
bilateral, and high-tone SSHL, which is much different from
the characteristics of SSHL. Reports of SSHL after cisplatin are
few.?’?’ The rate was similar between the hypopharyngeal can-
cer group and its control group in our cumulative hazard rate of
SSHL for head and neck cancers. Thus, cisplatin is less likely to
be a cause of SSHL.

Although the details of medical records were unavailable in
the databank we used as the basis of our study, our observation
has provided an alternative viewpoint to the existing literature
through a well-designed screening protocol with definite inclu-
sion criteria for the diagnosis and treatment.

In conclusion, this population-based study demonstrates that
postirradiated NPC is associated with an increased risk of SSHL,
which, however, is a rare condition. Furthermore, radiotherapy
in patients with hypopharyngeal cancer did not increase risk
of developing SSHL. It is easy to ignore SSHL in patients with
NPC because of similar symptoms as middle ear effusion. Our
study emphasizes on the early diagnosis and treatment in high-
risk patients and the importance of cochlear protection during
radiotherapy.
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