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Abstract

Background: The aims of this study were to verify if head and neck radiotherapy (RT) is able to induce calcified
carotid artery atheroma (CCAA) in a large head and neck cancer (HNC) population and also to compare the socio-
demographic and clinical findings of patients with and without CCAA detected on panoramic radiographs.
Material and Methods: Panoramic radiographs taken before and after head and neck radiotherapy (RT) of 180
HNC patients were selected and analyzed in order to identify the presence of CCAA. In addition, CCA A presence
or absence on panoramic radiographs were compared and correlated with clinicopathological findings.

Results: A high overall prevalence of CCAA was found on panoramic radiographs (63 out of 180 = 35%) of HNC
patients. No significant difference of CCAA before and after RT was observed. There were also no differences
between groups (with and without CCA A) regarding age, gender, tobacco and alcohol use, arterial hypertension,
diabetes mellitus, acute myocardial infarction, hypercholesterolemia, tumor location, clinical stage of disease and
RT dose. However, there was a greater prevalence of strokes in patients with CCAA (p<0.05).

Conclusions: Although CCAA were frequently found in panoramic radiographs of patients with HNC, RT seems
not to alter the prevalence of these calcifications.
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Introduction

HNC is the sixth most common cancer worldwide and
approximately 686,000 new cases are diagnosed annu-
ally (1). The vast majority of these cases (95%) are sq-
uamous cell carcinoma (SCC) and most of them are in
advanced clinical stages at diagnosis (2).

Therefore, treatment of these patients is very challeng-
ing and depends on the clinical stage, tumor site, pa-
tient’s age and medical condition. Nowadays the treat-
ment is based on multi-modality approach and besides
surgery, radiotherapy (RT) associated with chemother-
apy is frequently used (3,4).

HNC patients commonly present with poor dental health
at the moment of diagnosis and it is important that they
could be evaluated by a dentist before RT (5). In this
context, panoramic radiograph is helpful and more indi-
cated in these patients, especially because of the pain or
limited mouth opening (6).

Panoramic radiographs can also be useful for the iden-
tification of calcified carotid artery atheroma (CCAA),
which appears as a round-shaped radiopaque image or
two radiopaque vertical lines with a distance of 1.5 - 4.0
cm inferiorly to the angle of the mandible and/or be-
tween the posterior border of the mandible and the third
and fourth cervical vertebrae (7,8).

Hyoid bone, triticeous cartilage, styloid process, supe-
rior horn of thyroid cartilage, epiglottis, calcified lymph
nodes, tonsillolithiasis and salivary glands calcifica-
tions should be considered in the differential diagno-
sis of CCA A when identified in panoramic radiographs
(7.9).

Head and neck RT is associated with acute and late tox-
icities and some studies suggested that RT may induce
or accelerate atherosclerosis (9-12). Atherosclerosis is a
chronic inflammatory disease which culminates in the
formation of atheromatous plaques in the vasculature.
Possible causes of endothelial dysfunction leading to
atherosclerosis include elevated low-density lipoprotein
cholesterol; free radicals caused by cigarette smoking,
hypertension, and diabetes mellitus. Atheromas consist
of a fibrous cap that overlies a core of lipid, necrotic
tissue and calcium deposits within the arterial wall.
Calcification of atheromatous lesions occurs due to the
inflammatory process and is more frequent in vascular
bifurcations as the carotid arteries. Clinical implica-
tions of calcified atheromas are coronary artery disease
and ischemic stroke (13,14).

In an experimental study in mice, early-stage athero-
sclerosis was initiated one month after a single radiation
dose of 14Gy. However, no increase in fatty streak for-
mation was found 5 weeks after the start of fractionated
irradiation (20 x 2Gy in 4 weeks) (15). Another study
observed a significant increase in carotid intima media
thickness (IMT) after RT of the neck and internal ca-
rotid arteries (ICA) of irradiated patients. However, in
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the group of unilateral irradiated patients where IMT
of CCAA and ICA were compared between the irradi-
ated and the non-irradiated sides of the same patient, no
statistically significant increases were noticed (16). In
another study, Freymiller ef al. (2000) used panoramic
radiograph to assess carotid artery atherosclerotic de-
velopment. They found that approximately 53% of the
patients developed a calcified atheroma 69.7 months af-
ter conclusion of radiation therapy. Nevertheless, their
research had a small study population of 17 patients
).

As no consensus has been achieved, the aim of this
study was to verify if head and neck RT is able to induce
CCAA in a large HNC population and also to compare
the socio-demographic and clinical findings of patients
with and without CCAA detected on panoramic radio-
graphs.

Material and Methods

- Patients’ selection and data retrieval

This research was approved by the Ethical Committee
of the Faculdade de Medicina da Universidade de Sao
Paulo, Brazil protocol number 882.731. A retrospective
design consisted of 180 patients with head and neck
SCC with the carotid arteries included in the radiation
field treated with 3D conformal RT in 6mV linear ac-
celerators on Synergy Platform (Elekta AB, Stockholm,
Sweden) from January 2012 to August 2014. All patients
included in the study had panoramic radiographs taken
before and after the conclusion of head and neck RT.
The panoramic radiographs were taken to access dental
health of the patients at all times.

Socio-demographic variables, comorbid medical ill-
nesses, clinical stage of cancer at diagnosis, tumor loca-
tion, tobacco and alcohol use and treatment information
were collected from the patient’s medical records.

- Panoramic radiograph evaluation

The patient’s panoramic radiographs were all digital
and taken in the same dental X-ray machine (PaX-400,
Hawseong-si, Gyeonggi-do, Korea), using 68KVp, 8
mA with an exposure time of 14s maintaining the qual-
ity and standardization of the images.

Radiographs were coded with a specific tag so the name
and other clinical data of patients were preserved. Ra-
diographic images were evaluated for the presence of
CCAA by two certified oral medicine practitioners
reaching substantial agreement of 0.675 on Kappa test.
A third opinion was sought in case of disagreements.
Images were displayed on a 13.3 inch LCD laptop (Vos-
tro 1320, Dell Inc., USA) with a screen resolution of
1280 x 800 pixels. All assessments were done in the
same viewing room with optimal lighting and viewing
conditions.

The panoramic radiographs were evaluated for the fol-
lowings signs: a round-shaped radiopaque image or two
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radiopaque vertical lines with a distance of 1.5 - 4.0 cm
inferiorly to the angle of the mandible and/or between
the posterior border of the mandible and the third and
fourth cervical vertebrae according to Friedlander in
1995 (7).

After examining the radiographs, patients were divided
into 2 groups: without CCA A (group 1) and with CCAA
(group 2) and had their clinical information compared.
- Definition of risk factors

Arterial hypertension was defined as blood pressure
>140/90 mmHg and/or use of blood pressure reducing
medication; hypercholesterolemia was defined as ongo-
ing use of lipid-lowering medication and diabetes mel-
litus was defined as ongoing use of oral hypoglycemic
medication.

- Statistical analyses

Descriptive statistics (frequency, percentage) and com-
parisons of patient’s characteristics between those with
and without radiographically evident CCAA were cal-
culated using Chi-squared test and Likelihood ratio test
when the expected numbers in cells were less than 5.
The o level for each statistical comparison was set at
0.05.

Results

The study population consisted of 180 patients and the
vast majority was male (83.89%) with a mean age of
59.4 years (ranging from 20 to 85 years), being most of
them (70.56%) between 50 and 70 years. Regarding the
habits, most of the patients were smokers and/or alcohol
drinkers.

Oropharynx (33.89%), oral cavity (26.67%) and larynx
(25%) were the most frequent tumor locations and 162
patients (90%) were diagnosed in clinically advanced
stages III and IV. All patients were submitted to 3D
- conformal exclusive or adjuvant RT (mean dose of
65.73 Gy, ranging from 30 to 70Gy) and most of them
(76.67%) received a total dose between 60 and 70 Gy.
Chemotherapy was used in 136 patients (75.56%) and
surgery was performed in 78 patients (43.33%)).

A review of their medical histories showed that 63
patients (35%) had arterial hypertension, 22 (12.22%)
were diabetic, 11 (6.11%) were in use of lipid-lowering
medication, 5 (2.78%) suffered a previous stroke and 5
(2.78%) had a history of acute myocardial infarction.
Of the 180 patients enrolled, 57 (31.67%) were identified
with CCAA in both radiographs (before and after RT), 4
(2.22%) presented CCAA only in radiographs after RT
and 2 (1.11%) only in radiographs before RT. None of the
patients with CCAA in both radiographs (57, 31.67%)
showed an increase in size or different morphology of
the CCAA after RT.

Differences related to gender, age, tobacco and alcohol
use, tumor location and clinical stage, RT dose, co-
morbidities as arterial hypertension, diabetes mellitus,
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hypercholesterolemia and acute myocardial infarction
were not significant between those with and those with-
out CCAA (Table 1).

However, 4 out of 5 patients with previous history of
stroke were identified with CCAA on their panoramic
radiograph (p<0.05). Patients with CCA A were 7.42 (CI
95% 6,95-7,94) times more predisposed to cerebrovas-
cular events then patients without CCAA.

The mean time between the radiographs before and af-
ter RT was of 9.06 + 6.70 months.

Discussion

The present study reports a retrospective analysis about
the role of RT in inducing CCAA in HNC patients eval-
uated by panoramic radiograph. It has been described
that these patients present a greater prevalence of CCAA
when compared to the general population (17). The cur-
rent paper presented a prevalence of 35% CCAA on
panoramic radiograph in HNC population. This finding
was inferior of Friedlander’s et al. (2012), who observed
that 52% of individuals diagnosed with HNC before un-
dergoing RT had these calcifications (18). The differ-
ence in the prevalence rates between the 2 studies most
likely occurred because of the age of the patients, di-
etary habits, tobacco and alcohol consumption that vary
among distinct geographic areas. In 2010, Strenja-Linic¢
et al. conducted a research to evaluate the prevalence of
carotid artery stenosis in irradiated patients for larynx
carcinoma using ultrasonography (19). Their results
were very similar to the current study, where 33.33%
of their population presented a significant carotid artery
stenosis and in most patients an atheromatous plaque
was also found.

Many studies have suggested that the direct effect of RT
to the carotid arteries is able to induce/accelerate athero-
sclerosis (16,20-22). In the current research, most of the
patients with CCAA in their panoramic radiograph af-
ter RT also presented this alteration before treatment.
Therefore, these findings suggest that RT was not able
to change the prevalence of CCAA in this population.
Though it is important to highlight that this research
had a limited time of follow-up.

The patients in this study were predominantly diagnosed
in clinical advanced stages (76.11%) and received high
doses of chemo and radiotherapy. Therefore it was esti-
mated that this population would have a high prevalence
of CCAA. This didn’t prove true because even though it
had a higher prevalence than the general population, it
was not higher than some studies (18,19).

Patients with systemic diseases such as diabetes mel-
litus, chronic renal failure, which are commonly associ-
ated with arterial hypertension and coronary disease,
and long-time smokers present more CCAA than the
general population (2.76 - 4.8%) (23-25). Therefore,
risk factors for atherosclerosis, such as hypercholeste-
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Table 1. Comparison of socio-demographic findings and comorbidities of patients with and without CCAA.

Variables C‘EE}A ‘Zlélz):t Total P-value
n % n % N %
Gender Female 10 5.56 19 10.56 29 16.11 0.9492
Male 53 [29.44| 98 5444 | 151 | 83.89
Age <50 years 6 333 18 10 24 13.33 0.5359
50-70 years 46 | 25.56| 81 45 127 | 70.56
> 70 years 11 6.11 18 10 29 16.11
Habits Smoker and alcohol drinker 3 1.68 6 3.35 9 5.03 0.0755
g;fnvﬁgfs smoker and aleohol |y | y57 | 65 | 3631 | 111 | 6201
Alcohol drinkers 0 0 1 0.56 1 0.56
Previous alcohol drinkers 8 4.47 12 6.7 20 11.17
Smoker 1 0.56 1 0.56 2 1.12
Previous smoker 3 1.68 19 10.61 22 12.29
Never smoked or drinked 2 1.12 12 6.7 14 7.82
Oropharynx 23 | 12.78 | 38 21.11 61 33.89 0.2832
Tumor location Oral cavity 17 | 944 | 31 17.22 48 26.67
Larynx 18 10 27 15 45 25
Other location 5 2.78 21 11.66 26 14.44
Tumor stage I 1 0.57 6 343 7 4 0.1446
11 4 2.29 2 1.14 6 343
I 13 7.43 16 9.14 29 16.57
v 44 | 25.14| 89 50.86 | 133 76
Radiotherapy dose | <50 Gy 2 1.11 8 4.44 10 5.56 0.3465
>50 a < 60 Gy 14 7.78 18 10 32 17.78
>60 a < 70 Gy 47 | 26.11| 91 50.56 | 138 | 76.67
Hypertension No 39 |21.67| 78 43.33 117 65 0.5229
Yes 24 11333 | 39 21.67 63 35
Diabetes No 57 |31.67| 101 | 56.11 158 | 87.78 0.4173
Yes 6 333 16 8.89 22 12.22
Hypercholesterole 60 3333 109 | 60.56 | 169 | 93.89 | 05792
mia No
Yes 3 1.67 8 4.44 11 6.11
Stroke No 59 (3278 116 | 64.44 | 175 | 97.22 0.0363
Yes 4 222 1 0.56 5 2.78
No 61 |33.89| 114 | 6333 | 175 | 97.22 0.8139
Acute myocardial
infarction Yes 2 1.11 3 1.67 5 2.78

rolemia, arterial hypertension, diabetes mellitus, smok-
ing and increasing age that are frequently found in HNC
patients may represent an important bias in studies that
consider RT capable of inducing CCAA.

The clinicopathological and demographic findings of
these patients were consistent with those of most of the

studies on HNC, where patients are usually men in the
sixth or seventh decades of life and are diagnosed in
advanced clinical stages (26,27).

In this research, no significant differences in comorbid-
ities were observed between patients with and without
CCAA. These findings are similar to those of Fried-
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lander et al. (2012) (18). Nevertheless, in their studied
population the presence of hypertension was significant-
ly greater in the group with atheromas (60% vs. 30.4%)
and all patients were evaluated before undergoing RT.
Toprak et al. (2012) also found that the presence of risk
factors did not influence significantly IMT of carotid ar-
teries after RT (20).

The identification of carotid atheroma in panoramic ra-
diographs represents an important predictive feature.
Individuals with CCA A on their panoramic radiographs
have an increased risk of future vascular events when
compared to age and vascular risk factors matched con-
trols (28,29). In this research, 80% of the patients with
a previous stroke were identified with CCAA on their
panoramic radiographs.

This retrospective study conducted with HNC patients
panoramic radiographs sought to assess if RT to the head
and neck could induce the formation of CCAA. How-
ever, cross-sectional studies present clear limitations re-
garding the time of follow-up and temporal relationship
of the facts. Notwithstanding, even though panoramic
radiographs are not the most indicated exams to evalu-
ate the presence of CCAA, they are extremely useful
for early detection in asymptomatic patients (25). Fur-
thermore, this research had a greater number of patients
(180) than the majority of published articles (10,16) and
all panoramic radiographs were digital, which has a
superior quality when compared to conventional ones
(9,18,22). Moreover, all patients were submitted to 3D
conformal RT for treatment of a SCC of the head and
neck with carotid arteries included in the radiation field
- making it a more homogeneous group.

In conclusion, RT did not alter the prevalence of CCAA
on panoramic radiographs of patients with HNC during
this time of follow-up, but these calcifications are fre-
quently found in this population and are associated with
a greater risk of developing a stroke. Therefore, it is im-
portant that dentists be aware of the presence of CCAA
in panoramic radiographs when caring for patients with
a history of irradiation to the head and neck area.
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