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ABSTRACT

Background: The whole neck is often included in the radiation therapy (RT)
field of head and neck cancer (HNC), and carotid vessels of the neck may be
affected by radiation in a manner that increases the risk of ischemic stroke
(1S). In the present study, we analyzed the relationship between RT for HNC
and subsequent IS using a database managed by the Health Insurance Review
& Assessment Service. Materials and Methods: A public insurance system was
used to identify a nationwide cohort of patients diagnosed with HNC that
*Corresponding author: underwent RT. The incidence of IS after RT was determined up to the end of
Hyunsoo Jang M.D., Ph.D., December 2018, and associated risks were analyzed. In addition, patients that
E-mail: underwent frequent elective neck irradiation as determined by disease

opencagejhs@gmail.com classification or less frequent elective neck irradiation were allocated to
groups A and B, respectively. Results: 12,079 HNC patients that received RT
between 2010 and 2014 were identified. 472 (3.9%) of the subjects
experienced IS and incidence rates were > 5% for hypopharyngeal cancer and
supraglottic cancer. The incidence of IS was 5.4% in patients > 60 years and
2.2% in patients < 60 years (relative risk (RR) 2.59). In addition, the incidence
of IS was greater in group A than in group B (RR 1.29), and in men than in
women (RR 1.33). Conclusion: When performing extensive RT involving the
whole neck in older men, close follow-up and prophylactic medication should
be considered to prevent IS.
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INTRODUCTION

Head and neck cancer (HNC) accounts for
about 3% of all cancers. Approximately 53,000
Americans develop head and neck cancer
annually and 10,800 succumb to the disease (1.
HNC more often affects individuals over 50 years
old, and is usually associated with
environmental and lifestyle risk factors, such as
smoking and alcohol and certain strains of
viruses (e.g., papillomaviruses) (:-3). HNC can be
treated surgically or by radiation therapy (RT)
or chemotherapy, depending on pathology,
location, and stage, and in some cases, combined

treatment may be used. HNC is highly curable if
detected early, when it is usually treated
surgically. RT may be widely applied to lesions
that are difficult to access surgically or likely to
cause cosmetic problems. Metastasis to neck
lymph nodes is common in HNC, and thus, whole
neck is often included in RT fields *:5). However,
even after successful definitive therapy, quality
of life may be compromised in HNC survivors
because of treatment-related complications, and
cerebrovascular  disease is one such
complication (67,

Stroke is a common  neurological
complication of cancer, and substantially
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increases patient burden. The occurrence of
stroke in cancer patients has been attributed to
many risk factors, such as tumor-related
disorders, coagulopathy, infection, complications
of cancer treatment, and paraneoplastic effects.
Some have reported how ionizing radiation
damages blood vessels and have raised concerns
about the potential risk of ischemic stroke (IS)
after RT (811, However, it is still uncertain
whether RT increases the risk of IS more so than
other treatments. Some have reported increases
in the incidence of IS after RT, whereas others
have not (811). However, RT is known to be
associated with the development of IS in
patients that develop a vascular disease such as
stenosis or vasculitis after RT. Since the first
histological reports were issued on vascular
damage caused by ionizing radiation, animal and
human studies have focused on determining the
acute and chronic effects of ionizing radiation on
the structures of cerebrovascular vessels.(12-14)
Small blood vessels without a muscle layer or
outer membrane are highly susceptible to
endothelial cell damage by ionizing radiation,
which causes thrombosis and ischemia of the
microvascular layer and leads to radiation
necrosis (8 15-18),

Some authors have reported IS is associated
with carotid artery stenosis,(16.19-21) and that RT
thickens the carotid wall and increases the risk
of carotid artery stenosis. It has also been
reported carotid plaque scores are nine times
higher in patients that have undergone RT(22),
These findings indicate the risk of IS is likely to
be greater in HNC patients who undergo wide
neck irradiation. The present study was
performed using the database managed by the
Health Insurance Review & Assessment Service
(HIRA) on HNC patients who had received RT.
The incidences of IS were analyzed with respect
to RT range, and in addition, we sought to
identify the risk factors of IS in HNC patients.
There are already some papers presenting the
risk of IS by neck irradiation, but the verification
was difficult due to the low incidence of HNC.
Through this study, it is expected that the
correlation between neck irradiation and IS can
be confirmed.
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MATERIALS AND METHODS

South Korea has a public insurance system
called the National Health Insurance (NHI)
system, and data such as gender, age, diagnosis,
prescription, and procedures are stored in the
Health Insurance Review & Assessment Service
(HIRA) database. In the present study, a
nationwide cohort was obtained from HIRA of
individuals diagnosed with HNC that underwent
RT from January 2010 to December 2014. The
institutional review board (IRB) of Dongguk
University Gyeongju Hospital approved the
study protocol (IRB no. 11075-201905-HR-08-
02).

The study subjects consisted of patients
diagnosed with HNC according to the Korean
Classification of Disease (6% edition (KCD-6)),
which is a version of the International
Classification of Disease 10 (ICD-10) modified
for the Korean health care system. Classifications
of HNCs include lip (C00), base of tongue (BOT)
(C01), other tongue regions (C02), gum (C03),
floor of mouth (C04), palate (C05), other mouth
regions (C06), parotid gland (CO7), other
salivary gland (C08), tonsil (C09), oropharynx
(C10), nasopharynx (C11), pyriform sinus (C12),
hypopharynx (C13), other oral cavity and
pharynx (C14), nasal cavity and middle ear
(C30), accessory sinuses (€C31), and glottis (C32).
Patients were identified using procedural codes.
IS is represented as code 163.

Patients with distant metastasis or another
cancer were excluded. Because the first end
point of the present study was the risk of IS
following carotid artery stenosis after RT,
patients with IS diagnosed at time of diagnosis
or during the 4 weeks following RT were
excluded. The incidence of IS after RT was
assessed up to the end of December 2018, and
we evaluated the effects of age, sex, and surgery.

We also grouped subjects based on the
receipt of frequent RT or less-frequent RT based
on disease classification. BOT (C01), palate
(C05), oropharynx (C10), nasopharynx (C11),
pyriform sinus (C12), hypopharynx (C13), and
supraglottis (C32.1) patients were allocated to
group A, and all others were allocated to group
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B. The statistical analyses were performed using
SAS version 9.3 (SAS Institute Inc., Cary, NC), and
statistical significance was accepted for p values
< 0.05.

RESULTS

A total of 12,079 HNC patients that received
RT between 2010 and 2014 were identified
using HIRA claim data. Median age at diagnosis
was 61 years, and 9401 patients were men and
2678 were women. Analysis of the cohort with
respect to age and gender showed that males in
their 50s, 60s, or 70s accounted for the majority
of HNC patients (figure 1).
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Figure 1. Overall distribution of head and neck cancer
patients according to age and sex.

Glottic cancer was the most common disease
classification (n=1678), closely followed by
nasopharyngeal cancer (n=1660) and then by
tonsil cancer (n=1269). 472 (3.9%) of the study
subjects experienced IS, which had a prevalence
of > 5% in hypopharyngeal cancer and
supraglottic cancer. Nasopharyngeal cancer and
oropharyngeal cancer had IS rates of 4.3% and
4.9%, respectively, tongue cancer and BOT
cancer had IS rates of 2.6% and 3.6%,
respectively, and glottic cancer and supraglottic
cancer had IS rates of 4.4% and 5.6%,
respectively. The prevalences of IS by cancer
type are sum marized in table 1.

The 472 patients that experienced IS had a
median age of 66 years and median time from
RT completion to IS was 35 months (table 2).
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The median age of patients that did not
experience IS was 60 years. No peak time for IS
occurrence after RT completion was observed,
though its incidence tended to decrease
gradually with time (figure 2).

Table 1. Incidences of ischemic stroke for different cancer

types.
Total Male, [Female,|Stroke, n
patients,n| n n (%)

Lip (C00) 36 20 16 |2(5.6%)

Base of Tongue o
(C01) 634 485 149 |24 (3.8%)
Tongue (C02) 984 646 | 338 [26(2.6%)
Gum (C03) 280 161 | 119 [10(3.6%)

Floor of Mouth o
(C04) 211 163 48 8 (3.8%)
Palate (CO5) 393 254 139 (11 (2.8%)
Oral Cavity (C06) | 572 371 | 201 [15(2.6%)
Parotid (C07) 877 503 | 374 [29(3.3%)

Salivary Gland o
(C08) 464 272 192 |14 (3.0%)
Tonsil (C09) 1269 1082 187 |45 (3.5%)
Oropharynx (C10) 432 390 42 21 (4.9%)

Nasopharynx o
(C11) 1660 1260 400 |71 (4.3%)

Pyriform Sinus o
(€12) 396 382 | 14 (17 (4.3%)

Hypopharynx o
(C13) 903 830 73 |49 (5.4%)
Others (C14) 66 52 14 [1(1.5%)

Nasal Cavity (C30) 331 209 | 122 |10 (3.0%)
Accessory Sinus | 55 283 | 124 |18 (4.4%)

(C31)
Glottis (C32) 1678 1596 82 |74 (4.4%)
Supraglottis o
(C32.1) 486 442 44 |27 (5.6%)
472
All 12079 | 9401 | 2678 (3.9%)

100

80

Number of patients

20
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Figure 2. Times from radiotherapy to ischemic stroke.
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Table 2. Characteristics of patients that experienced ischemic

stroke.
Stroke Non-stroke
(n=472) (n=11607)
Age (year)
Mean 64.93 59.58
Median 66 60
SD 9.72 12.98
Time to stroke (month)
Mean 36.63
Median 35
SD 24.98

SD: Standard Deviation

We also investigated the effects of risk
factors, such as, irradiated field and some
patient factors, on stroke incidence. Age was the
most important risk factor for IS. The incidence
of IS was 5.4% in patients > 60, but 2.2% in
patients < 60 years (relative risk (RR) 2.59).
Group A had a higher risk of IS than group B
(4.5% vs 3.5%, RR 1.29), and men had a higher
incidence than women (4.1% vs 3.1%, RR 1.33).
All the above results were significant; details are
provided in table 3.

Table 3. Relative risk for ischemic stroke according to
irradiation field, sex, age, and operation in patients with head
and neck cancer that underwent radiotherapy.

Total pa- |Stroke, n o
tients, n (%) RR | 95% Cl |p-value
Neck
220 1.073-
Group A 4904 (4.5%) 1.290 1552 0.007
252
Group B 7175 (3.5%) 1
Sex
388 1.046-
Male 9401 (4.1%) 1.329 1.690 0.020
Female 2678 |84 (3.1%) 1
Age
348 2.099-
>
260 6390 (5.4%) 2.585 3183 <0.001
124
<60 5689 (2.2%) 1
Operation
. 393 0.838-
With 9943 (4.0%) 1.072 1371 0.583
Without| 2136 [79(3.7%) 1

RR: Relative Risk, Cl: Confidence Interval
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DISCUSSION

According to the National Cancer Control
Institute's annual report of cancer statics in
2017, of 214,701 cancer patients in South Korea
in 2015, the number of HNC cases (excluding
thyroid cancer cases) was 4455(3), Thus, HNC
accounted for 2.1% of all cancers, which is a
relatively small number, though numbers have
increased continuously over recent years. Little
research has been conducted on the risk of IS in
HNC patients, and the majority of studies on the
topic have compared RT and non-RT treated
groups(?+25), However, the RT field used to treat
HNC varies with cancer site, type, and stage.
Thus, we classified patients that received RT into
two groups according to RT field size. Since
information on RT fields could not be obtained,
cancers that normally undergo elective neck
irradiation were allocated to group A. Because
the palate is treated using different RT ranges
according to whether the soft or hard palate is
affected, cases of palate cancer were allocated to
group A.

In the present study, patients in group A had a
higher incidence of IS than patients in group B.
This may have been because carotid blood
vessels in both sides of necks were exposed to
RT (4.5% vs 3.5%, p=0.007). When we compared
the risk of IS for glottic and supraglottic cancer,
we found supraglottic cancer had a ~20% higher
risk (absolute risk 4.4% vs 5.6%). Presumably,
because supraglottic cancer is more prone to
neck node metastases than glottis cancer, and
thus, both sides of the neck were included in RT
fields(26). Furthermore, the higher prevalence of
IS observed for glottis cancer than other cancers
may be related to its better prognosis, and hence
a greater number of survivors .

Stroke is heterogeneous, multifactorial
disease, and understanding of its risk factors is
important for treatment and prevention. Risk
factors can be categorized as modifiable or non-
modifiable factors. Nonmodifiable risk factors
include age, sex, race-ethnicity, and genetics,
whereas  hypertension, diabetes mellitus,
arrhythmia, smoking, diet, and physical activity
are commonly reported modifiable risk factors(2?
-29), Of these nonmodifiable factors, advanced age
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is the most important risk factors. 95% of
strokes occur in subjects aged = 45 years and
two-thirds of strokes occurred in subjects aged
> 65. Furthermore, men, especially middle-aged
to elderly men, have a slightly higher risk of
stroke than women. In the present study, we
found higher rates of stroke among aged > 60
years and among men.

Radiation has been shown to be an
independent risk factor of cardiovascular and
cerebrovascular disease in cancer patients0.31),
Post radiation vasculopathy occurs in intra and/
or extracranial vessels, and medium and large
sized vessels are most frequently damaged.
Radiation to the neck has been related to
subsequent vascular wall thickening,
atherosclerotic plaque formation, and vascular
damage(®). Previous studies have demonstrated
that RT predisposes the formation of
inflammatory plaque, which is more prone to
rupture and cause IS. Patients that have received
RT in the neck area have also been shown to
have significant greater risks of internal carotid
artery (ICA) and common carotid artery (CCA)
stenosis. The risk of ischemic stroke probably
depends on the severity of ICA stenosis.
Reported frequencies of ICA stenosis following
neck-RT range from 12 to 60%. The first
large-scale report was conducted in 1981 and
demonstrated a post-cervical RT stroke
incidence of 6.3% 2. Scott etal reported a
crude stroke rate of 2.6% following neck RT as
compared with 0.29% for non-RT patients ©3).
On the other hand, in three large-scale studies,
radiation fields that included the carotid artery
did not seem to increase the risk of stroke in
breast cancer survivors(34-36),

Our analysis of time to IS occurrence by year
revealed similar risks per year and no peak time.
The decrease in patient numbers observed per
annum was simply attributed to reduced
survivals. This finding of similar risks per year
also suggests that the risk of radiation-induced
IS is not significant, which ostensibly contradicts
our finding of a significantly higher risk of IS due
to radiation exposure of whole neck, but we
emphasize that this increase in risk was only
1%. Nevertheless, despite this slight increase in
absolute IS risk for whole neck RT, it is worth

Int. J. Radiat. Res., Vol. 19 No. 4, October 2021

considering regular follow-up and prophylactic
medications, such as aspirin and statin, for IS
when whole neck irradiation is performed in
older patients.

Since our study is a study using insurance
claims data, the number of patients was large but
it was not possible to obtain detail information
of patients. Various risk factors, such as smoking
and alcohol, related to IS could not be analyzed.
The specific information about RT could not be
obtained, too. Although accurate analysis is
difficult, it is judged that it is possible to grasp
the trend according to the number of patients.
And, most institutions in South Korea have
treated HNC patients with intensity modulated
radiotherapy (IMRT) since 2010, and neck vessel
must be included in the RT field to cover lymph
nodes chains. So, we thought that the difference
according to the radiation delivery technique,
such as 3-dimensional conformal RT and IMRT,
will be small. And, our inability to confirm
patient death is a limitation of the present study.
Therefore, comparisons of risk factors are
considered more valuable than absolute
incidences. Because glottis cancer has a
relatively good survival rate, it is likely that IS
incidence rates increased despite not being an
indication of elective both neck irradiation.
Nasopharyngeal cancer, hypopharyngeal cancer,
and oropharyngeal cancer are representative
HNC indicators for elective whole neck
irradiation and relatively poor survival, and all of
these carcinomas have above average IS
incidence rates, which suggests much regarding
the relationship between neck irradiation and IS.
The present study shows the rate of ischemic
stroke was increased significantly by whole neck
irradiation, but that this increase was small.
Nevertheless, when performing extensive
radiotherapy of whole neck in older male
patients, close follow-up and prophylactic
medication should be considered to reduce the
risk of ischemic stroke.

Certificate number of local institutional
review board: 11075-201905-HR-08-02.

Conflicts of interest: Declared none.
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