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ABSTRACT

In this retrospective cohort study, we evaluated the incidence of vascular events from carotid artery
atherosclerosis after radiotherapy indication for laryngeal and hypopharyngeal cancer. From January 2007
to December 2016, we investigated 111 laryngeal/hypopharyngeal cancer patients who underwent curative
radiotherapy and were followed up for 21 year (median follow-up duration, 60 months). We evaluated
the incidence of vascular events from carotid artery atherosclerosis, defined as a transient ischemic attack
or an atherothrombotic cerebral infarction, or from undergoing treatment such as carotid artery stenting
for carotid artery stenosis. The median radiation dose was 66 Gy (range, 60-74); 48 patients (43.2%)
received concurrent chemotherapy. The 5-year overall survival was 86.2%. Six patients required treatment
for carotid artery disease. Carotid stenting was performed in three patients with carotid artery stenosis;
three patients developed atherosclerotic cerebral infarction and received medical treatment, with a median
of 51.7 months (range, 0.3-78.3) after radiotherapy initiation. The vascular event occurrence rate was 5.4%
within 5 years and 10.7% within 8 years. In the univariate analysis, dyslipidemia, diabetes mellitus, and
carotid calcification were significant factors for event occurrence. Because three out of six cases occurred
out of the irradiated field, no carotid artery or carotid bulb dosimetric parameters showed significant cor-
relation. As laryngeal/hypopharyngeal cancer patients, particularly with complications including dyslipidemia
and diabetes mellitus, are at a high risk of carotid artery stenosis after radiotherapy, long-term carotid
artery evaluation is necessary. Early intervention by stroke specialists can reduce the risk of fatal cerebral
infarction.
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INTRODUCTION

Radiation-induced carotid artery disease (RCAD) was first described as early as 1959.!
Although it comprises accelerated atherosclerosis in addition to direct and indirect damage, its
exact underlying mechanism remains unclear.? Stenotic lesions progress over several years, often
presenting as unstable plaques, and there is a high risk of developing atherosclerotic cerebral
infarction after a few decades. In recent years, the prognosis of cancer has improved, and the
onset of cerebral infarction caused by RCAD has become an issue in patients with long-term
survival.

Several types of cerebral infarctions have been defined, including cardiac embolism, lacunar
infarction, and atherothrombotic cerebral infarction.’> Although the types of cerebral infarctions
caused by carotid artery atherosclerosis are most commonly observed in the Western population,
the incidence of these types is gradually increasing in the Japanese population as Japan is now
adopting a more Western diet.**> Cerebral infarction is a type of stroke that commonly occurs in
people with many risk factors for arteriosclerosis, such as age, hypertension, dyslipidemia, and
diabetes.®” Radiotherapy, in addition to other risk factors, has a combined effect on the RCAD
progression.®

Regular checkups for the presence of carotid artery disease after radiotherapy are recom-
mended. However, according to a questionnaire survey of the present status of doctors’ awareness
of RCAD in Japan, only 9.4% of institutions perform regular examinations.” Even our hospital
has not routinely tested for carotid lesions after radiation treatment for head and neck cancer.
To our knowledge, there are no reports about the risk of RCAD in a large series of Japanese
head and neck cancer patients. Therefore, we performed this retrospective study to investigate the
incidence of cerebrovascular events or treatment such as carotid artery stenting for carotid artery
stenosis after the indication of radiotherapy. In addition, we examined the risk factor analysis of
RCAD based on clinical and carotid dosimetric parameters.

MATERIALS AND METHODS

Patient population

From January 2007 to December 2016, we evaluated 123 patients who were treated for
laryngeal cancer and hypopharyngeal cancer and underwent curative radiation therapy at Gifu
Prefectural General Medical Center, Japan. We retrospectively investigated 111 cases that had
been followed up for 21 year.

Target volume, dose prescription, and treatment planning

The gross tumor volume is defined as the gross tumor volume of the primary tumor. In
cases of laryngeal cancer, the clinical target volume (CTV) in T1 disease is the entirety of the
vocal cords, whereas the CTV in T2 disease includes a 1-cm margin surrounding the tumor in
addition to the vocal cords. In cases with cervical lymph node metastasis, the CTV included the
areas of levels II and III. In hypopharyngeal cancer, the CTV was defined as the gross tumor
volume plus a 10-mm margin to cover microscopic disease in considering an anatomical feature
and included the prophylactic lymph node areas of levels II and III. In cervical lymph node
metastasis, the CTV included the areas covering the bilateral sites, including levels II-V, and the
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retropharyngeal nodes. The planning target volume is defined as the CTV plus a margin of 0.5-1
cm in the craniocaudal direction and 0.5 cm in the posterior—anterior direction. Radiotherapy
was administered using 4-MV X-rays with a three-dimensional radiotherapy plan. In TINO and
T2NO laryngeal carcinoma cases, two parallel-opposed lateral fields were used with a pair of
wedge filters. In node-positive cases, bilateral neck irradiation was performed. Intensity-modulated
radiation therapy was not used for any cases. The total prescribed radiation dose ranged from
60 to 74 Gy. Conventional fractionation radiotherapy with 2 Gy/fr (1 fr/day and 5 fr/week) was
performed 33-37 times for a total dose of 66-74 Gy in the patients. In the accelerated radiation
arm, accelerated fractionation radiotherapy with 2.25 to 2.4 Gy (1 fr/day and 5 fr/week) was
delivered 25-30 times for a total dose of 60 to 67.5 Gy. Twice-daily irradiation is prohibited, as
is irradiation performed six or more times per week. Chemotherapy was considered in patients
with T2 or greater or positive lymph node metastases, in which case conventional fractionation
radiotherapy with 2 Gy/fr (1 fr/day and 5 fr/week) was delivered. A computed tomography-based
treatment-planning system was mandatory to define the planning target volume. All patients
were immobilized in the supine position with the use of an individually designed facial mask
for reproducible positioning.

Chemotherapy

Concurrent chemoradiotherapy consisting of platinum was administered for high-risk cases in
late T2 or node-positive cases. Chemotherapy regimens included triweekly cisplatin (CDDP) at
80-100 mg/m?, combined with the use of CDDP at 70 mg/m? and 5-fluorouracil at 700 mg/m?,
combined with the use of carboplatin and tegafur/uracil at 600 mg/day or combined with the
use of nedaplatin at 140 mg/m? and 5-fluorouracil at 800 mg/m?>.

Follow-up

The patients were examined at least once a week during treatment. Once treatment ended,
the frequency of follow-up was approximately once a month in the first year, every 2 months in
the second year, every 4 months in the third year, and every 6 months thereafter. Radiological
examinations, including CT, FDG-PET/CT, and/or magnetic resonance imaging (MRI), were
performed at least once every 6 months.

Incidence of events from carotid artery atherosclerosis

The incidence of vascular events from carotid artery atherosclerosis defined as transient
ischemic attack (TIA) or atherothrombotic cerebral infarction, or from undergoing treatment
such as carotid artery stenting for carotid artery stenosis, was assessed. Cardiogenic cerebral
embolism caused by arrhythmias, such as atrial fibrillation and lacuna infarction in which multiple
thin blood vessels are clogged, were not included as vascular events. Cardiologists and stroke
specialists participated in the diagnosis. Every event was diagnosed by a neurosurgeon using
carotid ultrasonography and MRI and magnetic resonance angiography or digital subtraction
angiogram. The participants were followed through December 2018 or were censored at death
or last follow-up.

Identifying clinical risk factor and dose volume histogram analysis

Questionnaires were given to the patients to obtain data on demographics, smoking history,
medical history, and prescription medications. Weight and height measurements were recorded.
Hypertension was defined as a systolic blood pressure >140 mmHg, diastolic blood pressure >90
mmHg, or the use of antihypertension medication.!” Diabetes mellitus was defined as a fasting
blood glucose level 2126 mg/dL or the use of diabetes mellitus medication.!" Dyslipidemia was
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defined as a total cholesterol level of >220 mg/dL, a low-density lipoprotein cholesterol level of
>140 mg/dL, a fasting triglyceride level of >150 mg/dL, or the current use of antidyslipidemic
drugs.? Cardiovascular disease (CVD) was defined as disorders of the heart and blood vessels
and included coronary heart disease, cerebrovascular disease, peripheral arterial disease, stroke,
arrhythmia, and heart valve diseases.’*'> The carotid artery is defined as that extending from
the clavicle to the entry point into the temporal bone, corresponding from the common carotid
artery to the internal artery. The carotid bulb is defined as that present 2 cm above and below
the carotid bifurcation.!® The following dosimetric parameters were calculated for each of the 222
carotid arteries V35 as the percentage of volume receiving a dose of >35 Gy. In addition, V45,
V55, and V65, receiving doses of 45, 55, and 65 Gy, respectively, were defined in the same
way, and the mean dose was calculated for the entire carotid artery and carotid bulb. Carotid
calcifications were visually examined for the presence of calcium as structures with a density of
>130 HU within the vessel wall on planning CT (4-MDCT scanner, Acteion, Toshiba).

Outcome measures and statistical analysis

Overall survival was defined as the time from the date of radiotherapy initiation to the date
of death or from the date of radiotherapy initiation to the last follow-up (i.e., censor date). The
cumulative incidence in the presence of competing risks were constructed using the Kaplan—Meier
method. The differences in variables between groups were assessed by a univariate analysis with
the use of Gray’s test. All two-sided p-values of <0.05 were considered statistically significant. All
statistical analyzes were performed using R software (version 3.3.2; R Foundation for Statistical
Computing, Vienna, Austria).

Ethical considerations

The study protocol was approved by the Ethics Committee of Gifu Prefecural General Medical
Center (Permission number 457). A retrospective chart review was performed for patients who
underwent radiotherapy for laryngeal or hypopharyngeal cancer.

RESULTS

A total of 111 patients with laryngeal and hypopharyngeal cancer were included in this
study: 95 patients with laryngeal cancer and 16 patients with hypopharyngeal cancer (Table 1).
The median follow-up duration of the entire cohort was 60.5 (range, 12.0-120.5) months. The
median radiation dose was 66 Gy (range, 60-74), and 48 patients (43.2%) received concurrent
chemotherapy. The 5-year overall survival of the entire cohort was 86.2% (95% confidence
interval [CI], 76.6-92.0). Figure 1 shows the cumulative event occurrence rate from carotid
atherosclerosis. The event occurred in six patients at 0.3 to 78.3 months from the date of the
initiation of radiotherapy. The 5- and 8-year occurrence rates were 5.5% (95% CI, 0-10.5%)
and 10.7% (95% CI1,1.4-19.1%), respectively. Tables 2 and 3 show the results of the univariate
analysis of positive risk factors. Dyslipidemia, diabetes mellitus, and carotid calcification were
significantly associated with the development of a vascular event from carotid artery atheroscle-
rosis. Carotid artery or carotid bulb dosimetric parameters did not show significant correlation
via the univariate analysis.
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Factors Groups n (%)
Gender Male 108 (97.2)
Female 3 2.7)
Age (years) Median (range) 69 (40-80)
PS 0 93 (83.8)
1 17 (15.3)
2 1 0.9)
BMI (kg/m?) Median (range) 22.2 (15.1-31.2)
Smoking status Yes 95 (85.6)
No 16 (14.4)
Pack-year 40 (0-100)
Larynx Glottis 82 (73.9)
Supraglottis 8 (7.2)
Subglottis (1.8)
Hypopharynx Piriform sinus 15 (13.5)
Posterior pharyngeal wall 1 0.9)
cTstage 1 48 (43.2)
2 47 (42.3)
3 10 ©
4 4 (3.8)
cNstage 0 85 (76.6)
1 16 (14.4)
2 10 (8.1)
Hypertension Yes 50 (45.0)
No 61 (55.0)
Diabetes mellitus Yes 28 (25.2)
No 83 (74.8)
Dyslipidemia Yes 37 (33.3)
No 74 (66.7)
Cardiovascular disease Yes 23 (20.7)
No 88 (79.3)
Antiplatelet therapy Yes 22 (19.8)
No 89 (80.2)
Radiation dose (Gy) Total dose, Median (range) 66 (60-74)
Dose per fraction (Gy), Median (range) 2 (1.8-2.4)
Radiation field WN 29 (26.1)
Box 82 (73.9)
Chemotherapy Yes 48 (43.2)
CBDCA+UFT 13 (11.7)
CDDP 16 (14.4)
FP 9 8.1)
FN 6 (5.4)
Others 4 3.6)
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No 63 (56.8)

PS: performance status

BMI: body mass index

WN: whole neck field including subclinical lymph node

Box; parallel-opposed fields with individualized wedge-filtered technique, 5 x 5 or 6 x 6 cm;
CBDCA, carboplatin; UFT, tegafur/uracil; CDDP, cisplatin; FP, combined with the use of CDDP and
5-fluorouracil; FN, combined with the use of nedaplatin and 5-fluorouracil

Table 2 Univariate analysis of variables per patient

Factors Variables n Event Sy % P value
Age (years) <70 58 2 6.1 0.43
>70 53 4 4.8
BMI (kg/m?) <24 80 4 5.5 0.86
>24 31 2 53
Tobacco (pack years) <20 34 0 0 0.08
>20 77 6 7.9
Primary Larynx 92 4 4.5 0.06
Hypopharynx 19 2 16.7
Hypertension No 59 2 4.2 0.25
Yes 52 4 7.2
Dyslipidemia No 74 0 0 <0.01
Yes 37 6 15.8
Diabetes mellitus No 82 1 2 0.03
Yes 29 5 14.3
Cardiovascular disease No 88 4 5.1 0.59
Yes 23 2 6.2
Antiplatelet therapy No 89 5 5.1 0.71
Yes 22 1 6.2
Dose per fraction (Gy) <2 62 2 3.7 0.65
>2 49 4 7.1
Radiation field WN 29 2 5.1 0.44
Box 82 4 7.7
Chemotherapy No 63 4 6.5 0.81
Yes 48 2 9.1

BMI: body mass index

WN: whole neck field including subclinical lymph node

Box; parallel-opposed fields with individualized wedge-filtered technique, 5 x 5 or 6 x 6 cm; Bold
value indicates a significance level pf p < 0.05.
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Table 3 Univariate analysis of variables per carotid artery
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Incidence of events from carotid artery

. atherosclerosis
Variables P value
+ (n = 6) - (n = 216)
mean (range) mean (range)
Entire Carotid
Max dose (Gy) 59.1 (52.9-70.0) 58.8 (1.5-76.0) 0.94
Mean dose (Gy) 18.5 (4.6-49.0) 14.8 (1.0-66.9) 0.51
V35 (%) 28.1 (2.7-78) 22.2 (0-78) 0.81
V45 (%) 19.7 (1-74) 13.0 (1-77) 0.77
V55 (%) 13.5 (0.5-65) 5.6 (0-75) 0.84
V65 (%) 0 (0-48) 0 (0-74) 0.80
Carotid bulb
Mean dose (Gy) 31.7 (0.6-65) 5.75 (1-70) 0.48
Calcification No 1 159 <0.01
Yes 5 57
1.0 4 Competing events
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Fig. 1 Cumulative incidence rate of a vascular event after the initiation of radiotherapy

Table 4 shows the details of the six patients who developed the event. All patients were male
and had a history of smoking and dyslipidemia. In two patients with hypopharyngeal cancer, con-
current chemotherapy and bilateral neck irradiation of the lymph node area were performed. One
patient developed TIA symptoms, and three patients developed cerebral infarction (Table 5). One
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case of cerebral infarction was observed on day 10 after treatment initiation. We recognized it as
an event because it was triggered by chemoradiotherapy. Carotid artery stenosis was diagnosed
in two patients during the follow-up contrast-enhanced CT; these patients were followed up by
a neurosurgeon. They received carotid artery stenting at an appropriate time before symptoms
appeared. One patient with TIA symptoms was stented (Fig. 2: Case 1 presentation), and three
patients with stroke were treated by medication. The main stenosis area of the carotid artery
was confirmed by digital subtraction angiogram examination. The main stenosis area was within
the irradiation field in three patients but outside the irradiation field in three patients. Within the
median observation period of 72.6 months, two patients were treated for lung cancer, one patient
was treated for esophageal cancer, and one patient was treated for liver cancer; there were no
cases of recurrence for primary disease.
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)
Rt-CCA Rt-VA LtWA fLt-CCA
60 Gy

Rt-CCA = Lt-CCA

Fig. 2 Case | presentation
Fig. 2a: Dose distribution
Fig. 2b: magnetic resonance angiography images 3 years after radiotherapy,
Fig. 2c¢: computed tomography angiography and digital subtraction angiography images before and after carotid
stenting.
Abbreviations: Rt-ICA, right internal carotid artery; Rt-CCA, right common carotid artery; Rt-VA, right vertebral
artery; Lt, Left
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DISCUSSION

This study investigated the risk of events due to carotid artery stenosis in laryngeal and hy-
popharyngeal cancer patients treated with radiotherapy. Six of the 111 patients required treatment
for atherothrombotic TIA or stroke and/or CAS, and the cumulative incidence rate was 5.5%
within 5 years. The risk of vascular events due to carotid artery stenosis is high, particularly in
patients with dyslipidemia, diabetes, and carotid calcifications. In two patients who underwent
stenting, the stroke specialist intervened in the early timing and performed carotid stenting before
symptoms appeared. Thus, the risk of fatal cerebral infarction might have been avoided, regardless
of whether the carotid stenosis was within or outside of the radiation field.

A Dutch study by Dorresteijn et al compared stroke rates in patients who were treated for
head and neck cancer with British patients reported in the Oxfordshire Community Stroke
Project. They used the stroke rates from the British report as age- and sex-matched controls. In
this study, 14 out of 367 patients (3.8%) had a stroke compared with 2.5 (0.7%)."” A study by
Haynes et al compared stroke rates in American patients treated for head and neck cancer with
the expected incidence based on population data from Stockholm. In this study, 20 out of 413
patients (4.8%) experienced a stroke. After matching for age, gender, and smoking status, this
study showed an RR of 2.09 for stroke in patients with head and neck cancer who were treated
with radiotherapy (p = 0.0007).!® Plummer et al reviewed 15 pieces of literature on the risk of
TIA and stroke after head and/or neck radiotherapy and concluded that these risks may be at
least doubled with head and neck radiation treatment.!” There are not yet any reports about the
risk for a large series of Japanese patients. In our study, the incidence rate for vascular events
was 6 of 111 (5.4%), which is similar to the results of these reports.

In this study, the risk of events was high, particularly in patients with dyslipidemia and
diabetes. Cheng et al showed that age, smoking, and heart disease were significant risk factors
for severe post-radiotherapy carotid stenosis.® Silverberg suggested that significant differences
in age, CVD incidence, dyslipidemia, and the angiographic incidence of atherosclerosis justify
the description of RCAD as a clinical entity.” Lam et al found that age and irradiation were
important factors in carotid stenosis development.?! Chang et al also showed a positive correlation
between the total plaque score, radiotherapy use, radiation dose, length of time after radiotherapy,
hyperlipidemia, and age. In addition to the lifestyle risk factors, radiotherapy has multiple effects
on the progression of atherosclerosis after irradiation.*

Several reports describing RCAD were characterized in the following studies.**¢ First, symp-
toms from radiotherapy appear several decades after treatment. Second, the location of stenosis is
in-field of the radiotherapy. Third, it occurs in the common carotid artery. Fourth, it can occur
even at doses as low as 35 Gy. In this study, carotid artery or carotid bulb dosimetric parameters
did not show significant correlation on the univariate analysis, and carotid artery stenosis was
also observed outside the radiation field, and one case experienced cerebral infarction during
radiation treatment. Although these cases might not have been directly affected by radiotherapy,
they were definitely diagnosed with atherothrombotic stroke. In addition, they were considered
to be vascular events by the stroke specialist. Previously, only a few studies have conducted a
detailed examination of the stenosis area of the carotid artery and the dose distribution of the
radiation field.” Atherosclerotic cerebral infarction/TIA should always be considered by physicians
for patients with head and neck cancer, regardless of the radiation field and onset time.

The exact pathogenesis of RCAD remains unclear. According to the report by Lam et al, the
common carotid artery or internal carotid artery were the most commonly involved stenotic sites,
followed by the external carotid artery and the vertebral artery, although the most common sites
of atherosclerotic carotid stenosis are the carotid bifurcation and the proximal segment of the
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internal carotid artery.”’” Stenosis of the internal carotid artery was observed in five cases of this
study. The primary mechanism may be a dysfunction of the endothelial cells, which are highly
sensitive to radiation exposure.® The increase in carotid intimal-medial thickness observed in
irradiated carotid arteries also suggested the potential mechanism, indicating that radiation may
accelerate the progression of atherosclerosis. Carotid artery stenosis and carotid intimal-medial
thickness could be a surrogate endpoint of stroke/TIA in RCAD.?® According to a prospective
study, the increase in carotid intimal-medial thickness is dominantly observed even after 1 year of
radiotherapy.” In this study, carotid calcification was one of the risk factors of RCAD. Although
several studies have suggested that carotid artery calcification might be an indicative of carotid
stenosis and stroke risk, it still remains controversial.’*3?

Furthermore, regular checkups for the presence of carotid artery disease after radiotherapy are
recommended. However, according to a questionnaire survey of the present status of doctors’
awareness of RCAD in Japan, only 9.4% of institutions perform regular examinations.” Most
laryngeal and hypopharyngeal cancer patients are smokers, and in patients with diabetes and/
or dyslipidemia, the risk of carotid artery stenosis is high regardless of the radiation field size.
Rosenthal et al reported that intensity-modulated radiation therapy significantly reduces the radia-
tion dose to the carotid artery for T1-2 glottic cancer treatment.®> Although intensity-modulated
radiation therapy should be considered, regular and long-term carotid artery evaluation is neces-
sary especially for younger patients.

In the current study, carotid artery stenosis was identified by regular contrast-enhanced CT in
two cases. A stroke specialist followed up those patients and performed stent placement despite
the patients being asymptomatic. Although CT imaging is useful for diagnosing cancer recurrence,
it sometimes obscures the condition of the carotid artery due to dental crown artifacts. Follow-up
of the carotid artery is required for a long time even after 5 years of follow-up for recurrence.
Non-invasive and simple ultrasonography is recommended.” Magnetic resonance angiography
should also be performed on a routine basis for cases in which ultrasonography is not suitable,
for example, because the neck tissue hardens. Cancers that develop secondarily to head and
neck cancers affect survival and reportedly have greater risks for survival than stroke.** In our
study, four of the six patients who experienced a vascular event have been treated for secondary
cancer. There are no clear guidelines on how often and how long follow-up for RCAD should
be conducted.

Although our study has some limitations such as the retrospective analysis, small number of
cases, and short observation period, the results highlight the risks after radiotherapy in Japanese
laryngeal and hypopharyngeal cancer patients.

In conclusion, laryngeal and hypopharyngeal cancer patients with complications who were
treated by radiotherapy are at a high risk of carotid artery stenosis, and long-term and regular
evaluation of the carotid artery is desirable. Early intervention by a stroke specialist may avoid
the risk of fatal stroke.
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