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Abstract

Background: Radiotherapy is one of the important components of head and neck cancer (HNC) treatment. This treatment method
may cause a variety of side effects like oral problems, swelling, and hearing loss.

Objectives: In this study, the effect of radiotherapy on hearing loss in patients with HNC was investigated.

Methods: In this prospective cohort research, patients with head and neck cancer referring to the Shohadaye Tajrish Hospital during
2014 to 2015 were investigated. All of these patients were candidate for radiotherapy as the main treatment. The radiotherapy of
patients was done by 3D-computer based treatment planning system, using their CT scan. In order to oncologic assessment, pre-
and post-radiotherapy audiologic evaluations were done. The common toxicity criteria for the adverse events (CTCAE V4.02) of the
National Cancer Institute (NCI) were used for ototoxicity. A bivariate latent variable model was used to assess the effect of received
dose on the severity of hearing loss.

Results: In this study, 66 patients with HNC were investigated. Among them, 46 patients (70%) were male. The mean (SD) age of
patients was 45.33 (15.11). The incidence rate of hearing loss in these patients was about 18%. The result of statistical modeling showed
a positive relationship between severity of HL and received dose of radiation (P < 0.001).

Conclusions: In general, the findings of this study showed a direct relationship between radiation dose received by the ears and
severity of hearing loss in patients with HNC. In this context, paying more attention to dose-prescription limits and standards for

assessing radiation therapy associated ototoxicity are strictly recommended.
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1. Background

Head and neck cancer (HNC) is a term used to describe
malignant tumors developed in the airways and upper di-
gestive system (Throat, larynx, nose, sinuses, and mouth)
(1). Most of HNCs can be classified as squamous cell carci-
noma (2). The epidemiology research studies showed that
HNC (As the sixth common cancers throughout the world)
had an annual incidence of 690 000 cancer and about 375
000 deaths in 2012 (4.9% of all cancers incidence and 4.6%
of all cancers mortality) (3).

Decision about the treatment option of HNC depends
on several factors, such as stage of tumor and overall pa-
tient conditions. In this context, Radiotherapy (RT) is a
common curative or palliative treatment for HNC. It can be
used as a main treatment or a complementary treatment

after surgery. This therapy can be offered to about 75% of
all HNCs (3).

Although in radiation therapy the concentration of the
dose is on the tumor area, the normal tissue around the
tumor may be affected by the radiotherapy (4, 5). Radio-
therapy also may cause a variety of side effects, such as
oral problems, redness or skin irritation, swelling, salivary
gland damages, etc. Hearing problems are also common
side effects of radiotherapy in these patients (6-10). Anteu-
nis et al. reported that more than 50% of patients treated
by the radiation suffered from some hearing problems (11).

Bivariate response data sets are frequently observed in
the studies related to body paired organs like eyes, ears,
kidneys, lungs, etc. In the previous decades, a variety of sta-
tistical approaches have been presented for analyzing the
different types of bivariate response data. Reviewing the
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published articles in this field shows that the first focus of
data analyst was on the modeling outcomes, which seems
to be more straight forward than the other types of bivari-
ateresponses (12-14). Afterwards, because of the categorical
nature of many medical data, the researchers developed a
number of statistical techniques for modeling binary (For
instance, the presence of disease) and ordered bivariate
categorical outcomes (15-17). In this context, choosing an
appropriate method for modeling a bivariate ordered re-
sponse needs to pay more attention because of the com-
plexity in analyzing these kinds of data sets. When we wish
to decide about the statistical method for analyzing these
data sets, 2 important properties should be accounted for;
firstly, the ordinal nature of the bivariate outcome and sec-
ondly, the correlation between the data from the paired or-
gans.

The main aim of this study was to assess the relation-
ship between received dose and hearingloss severity, using
the latent variable model with bivariate normal distribu-
tion as an underlying distribution to account for the cor-
relation between paired ears.

2. Methods

2.1. Study Sample and Sample Size Determination

In this prospective cohort research, patients with HNC,
who were candidate for radiotherapy in the Shohadaye
Tajrish Hospital (affiliated to Shahid Beheshti University of
Medical Sciences, Tehran, Iran) during 2014 to 2015, were
studied. This study was approved by the Vice Dean of Re-
search of Shahid Beheshti University of Medical Sciences
(no.9911). The Ethics Committee of Shahid Beheshti Univer-
sity of Medical Sciences approved this research project. All
patients filled out informed consent before participation.

In this study, the auditory toxicity after radiotherapy
was evaluated. The procedures were done in accordance
with 1975 Helsinki declaration and its version in 2008. In-
clusion criteria for patients were as fallow:

1. Auditory apparatus inside the treatment field or near
the edge of the treatment field.

2. No discontinued RT before completing treatment
3. Pre-RTaudiologic problems that may cause or con-
tribute to HL have not been reported at the initial con-

sultation

4. Patients received
chemotherapy

only RT without cisplatin-

To compute the sample size, the NCSS software was
used with alpha=0.05and power=0.9. Using the informa-
tion of a pilot study, the pooled standard deviation was 17.2
and the means of received dose in 3 groups (gradet, 2, and
3) were 18.03, 44.2, and 40.35, respectively. The estimated
minimum sample size was about 57.

The study was approved by the Research and Ethics
Committee of Shahid Beheshti University of 2.2. Medical
Sciences

2.2. Radiotherapy

The radiotherapy of patients was done by 3D-computer
based treatment planning system (TPS), using their CT
scans. We used a linear accelerator (linac) with 6 MV pho-
ton beam. All of the patients were treated in a 5-day per
week regime with 1.8 to 2 GY/day daily dose. Among 66 pa-
tients, 5 patients had prior treatment with cisplatin-based
chemotherapy. A total of 13 out of 66 patients were treated
with concurrent chemo radiation with temodal as fallow-
ing regimes:

e 75 mg/m? orally daily from the first day of RT until the
last day of RT.

e 200 mg/m? orally beginning with the second cycle re-
peat cycle every 4 weeks for up to 6 cycles.

e 120 mg/m? orally concurrent with RT up to 42 days.

2.3. Outcome under study

After importing the patients CT scan images to TPS,
the primary tumors, post-operative surgical resection bed,
lymph node metastases, and lymph nodes as well as the au-
ditory structures were outlined on the CT images by radia-
tion oncologist. Dose calculations were performed, using
the collapsed cone convolution algorithm used by the TPS.
The TPS was Isogray version 4.1 from Dosis-ft Company with
a dose voxel size of 2 X 2 X 2 mm?.

For otologic assessment, pre- and post-RTaudiologic
evaluations were done. Audiometric information included
evaluating the air conduction thresholds at 250,500,1000,
2000, 3000, 4000, 6000, and 8000 Hz frequencies. For
each patient, the left and right hearing levels were ana-
lyzed separately. The common toxicity criteria for adverse
events (CTCAE V4.02) of the national cancer institute (NCI)
were used for ototoxity.

2.4. Statistical Analysis

In the present study, in addition to descriptive statis-
tics and univariate analysis, a bivariate latent variable pro-
bit model for assessing the effect of radiation dose on hear-
ing loss was used. This model allows us to consider defer-
ent values for covariates (Different received dose for each
ear) in each organ (ear) under study.
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Additionally, because of the ordinal nature of the re-
sponse data (categorical severity of HL), the cumulative
probabilities of HL can be modeled in this approach.

More formally, the applied cumulative bivariate probit
model can be written as:

Yhg (w,Xi) = ¢p (eh - 971 0 - 3'31'1 €0y — CL‘Z 60— 5;‘2‘2 6) 1)

where 7y is the cumulative probability of HL of 2 ears
(in hth category of right ear and gth category of left ear)
and ¢ is the bivariate standard normal distribution.

The mvtnorm package in R software version 3.2 was
used for fitting the described model. In all analysis, P val-
ues less than 0.05 were considered statistically significant.

3. Results

In this research, 66 patients with HNC were studied.
Among them, 46 cases (70%) were male. The mean (SD) age
of the patients was 45.33 (15.11), ranged from 15 to 85 years.
The received radiation dose had a mean (SD) of 23.15 (19.15).

Hearing loss after radiotherapy was detected in 25 ears
(Grade1 in 14 ears, grade 2 in 5 ears, and grade 3 in 6 ears).
In addition, since the severity of HL was not similar in the
left and right ears of patients, we presented bivariate dis-
tribution of HL (As a main outcome under study) in Table
1.

Table 2 shows the relationship between the severity of
HL and some characteristics of the patients. In the next
step of the analyses, we fitted the described normal distri-
bution latent model to the bivariate response data (Sever-
ity of HL in the left and right ears).

Table 3 shows the obtained estimates from this model.
At the first look, one can conclude that there was a sig-
nificant relation between the severity of HL and received
dose (P < 0.001). Moreover, it can interpret the estimates
in terms of latent variable scale, using the obtained cut
of points. The obtained estimate for the dose variable
(0.04) shows that each gray increasing in received radi-
ation dose resulted in an increase of 0.04 in latent vari-
able scale. These results may be confusing for some read-
ers with lower knowledge about statistics. To simplify this
finding, we present the results in another way. For in-
stance, about 16 GY increase in received dose results in an
increase of 16 multiple by 0.04 = 0.64 in the latent variable
scale. This can lead to a change in severity of HL from grade
1(0.49< y;* < 1.14) to a worse status of HL (grade 2 and 3).

4. Discussion

In this study, 66 patients with HNC treated by radio-
therapy, as their main treatment, were investigated. The
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threshold hearing of these patients were evaluated before
and after radiation. Results from the bivariate latent vari-
able modeling showed a significant relationship between
the severity of HL and the received radiation dose. The re-
lationship between received dose and severity of HL was
measured with bivariate normal distribution latent vari-
able model. There was a very high significant positive re-
lation between severity of HL and received dose.

Many studies reported that hearing problems is one of
the most prevalent adverse events of radiotherapy in head
and neck cancers (6-10,18). Pan et al. reported that hearing
system was damaged between 0% to 50% (14). In another
study, hearing loss was about 24% to 36% (19). Wang and
Bhandare reported that the prevalence of hearing loss was
24% and 15%, respectively in patients with nasopharynx car-
cinoma (20, 21). In comparison with these studies, a preva-
lence rate of 18% in HL was observed in the present study.
The different prevalence rate of HLin the above-mentioned
research studies may be attributed to various sites of tu-
mors, different doses of radiation therapy, and different
definitions for HL.

Another reason for different prevalence of HL in differ-
ent studies can be different population samplings. In this
study, patients with variety of HNCs were included (Brain
tumor, tongue, nasopharynx, parathyroid, face, jaw, ton-
sil, and orbital). Although in some studies the effect of ra-
diation on threshold of hearing in patients with different
HN tumors were evaluated (14, 22, 23), in most of the stud-
ies, only patients with nasopharynx carcinoma were inves-
tigated (8,10, 24-28).

Despite considering different criteria for measuring
the outcome (Hearing complications) in the published ar-
ticles, almost all of them reported significant relationship
between HL and received dose of radiation (14, 21, 29, 30).
However, the variety in the study designs and the defini-
tion of the outcome makes the comparison of the results
rather sophisticated. For instance, Bhandare et al. mea-
sured the received radiation dose by different parts of au-
ditory system and reported hearing complications (HC) in
different parts of external, middle, and inner ear. They con-
sidered a binary response variable for HC (present or ab-
sent) and used a Chi-square (or fisher exact) test for assess-
ing the association between received dose levels and pres-
ence of HC. In this context, paying more attention to dose-
prescription limits and standards for assessing radiation
therapy associated ototoxicity are strictly recommended.
(21). In another study, Chen etal. used the American Speech
and Hearing Association guidelines as the definition of HL.
They applied both the linear (for continues outcome) and
logistic (for binary outcome) for identifying the relation-
ship between received dose and HL. The significant relation
between received dose and HL was found, using the both
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Table 1. Hearing Loss Condition in Right and Left Ear and Their Relation

Hearing Loss Grade in Right Ear

Hearing loss grade in right ear 0 1 2 3
0 44(66.7) 6(9.1) 1(15) 2(3)
1 6(9.1) 0 1(1.5) 0
2 1(1.5) 0 1(1.5) 0
3 3(4.5) 1(1.5) 0 0
Table 2. Relationship Between Severity of HL and Sex, Age, and Received Dose
Factors Hearing Loss
Right Left
o 1 23 ) 1 23
Sex
Male (%) 34(74) 7(15.2) 5(10.8) 36(78.3) 6(13) 4(8.6)
Female (%) 20(100) 0 0 17(85) 1(5) 2(10)
Age,y 43.35(14.99) 56.57 (10.41) 51(16.03) 45.26 (15.63) 39 (11.75) 53.33 (11.41)
Received dose
Right 18.8 (17.09) 41.43 (16.28) 47.2(12.24)
Left 18.09 (17.55) 44.86 (15.57) 40.33(6.83)
Total 54(81.8) 7(10.6) 5(7.5) 53(80.3) 7(10.6) 6(9.1)

Table 3. Normal Distribution Latent Variable Model Estimates

Estimated Parameter Standard Error P-Value
Received dose 0.04 0.008 < 0.001
First cut point 0.49 031
Second cut point 114 0.99

models. They also reported a strong relation between the
reported HL in the right and left ears of the patients (29).
Pan et al. studied the relation between received dose and
degree of HL in 40 patients with HNC. They considered one
ear of each patient as irradiated and the other as contralat-
eral ear. The difference in the threshold levels (dTL) mea-
sured at 6 different time points was defined as the hearing
loss (outcome variable). dTL was measured in 6 times. They
used mixed model to account for correlation between re-
peated dTL measurements in each patient. They reported a
significant relation between received dose and dTL. The es-
timate of effect of radiation dose on dTL was -5.8 (14). Lisa
et al. measured received dose in Cochlea, Middle ear, and
Eustachian tube in 251 patients. In this research, HL was
investigated by the difference in the threshold level (dTL)
of the irradiated ear and contralateral ear for each patient.
The patients were divided in 2 groups as healthy or having
HL by a protocol based on dTL. The mean received dose was

compared in patients with HL and healthy ones by an in-
dependent t test. They reported a significant difference be-
tween the mean received dose in patients with and with-
out HL. The mean received dose was significantly higher in
patients with HL (36.1vs. 60.5 in cochlea) (30).

Reviewing the applied statistical methods in analyzing
HL, the data in the literature show that in most of these
studies, the left and right ears of each patient were consid-
ered independent from each other. The recently published
articles in the field of correlated data analysis reveal thatig-
noring the correlation between paired organs in the anal-
ysis may result in misleading inferences. In the present
research, we utilized more complex statistical modelling
approach to account for the correlation between left and
right ears of a patient in to the analysis. In addition, in
our modelling approach, we considered an ordinal scale
(Severity of HL) for the outcome variable, including more
detailed information compared with the binary scale (The
presence of HL).

4.1. Conclusions

In this study, we aimed at determining the effect of
received dose on the severity of hearing loss in patients
with HNC. In general, the findings of this showed a direct
relationship between radiation dose received by the ears
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and severity of hearing loss in these patients. In this con-
text, paying more attention to dose-prescription limits and
standards for assessing radiation therapy associated oto-
toxicity are strictly recommended.
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