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ABSTRACT

The prolongation of survival in cases with nasopharynx cancer has made quality of life after treatment more important. The aim of
this study is to consider late toxicity developing after treatment in order to maintain a high quality of life. Thirty-two patients receiv-
ing radiotherapy (RT) to the neck region 1-10 years ago due to nasopharyngeal carcinoma were included in the study. Neck ultra-
sonography (USG), thyroid function tests and dynamic brain magnetic resonance imaging (MRI) were carried out for carotid artery
stenosis, hypothyroidism, and necrosis of the temporal lobe. Obtained data were analyzed with the SPSS 11.5. Intima-media thick-
ness of below 60 Gy and above 60 Gy doses administered to the neck were similar. Intima-media thickness was greater in patients
with a period longer than 5 years after RT than with a period shorter than 5 years (p< 0.001). Intima-media thicknesses of the patients
above 40 years, with high cholesterol values, a history of smoking and hypertension were higher than those without them (p< 0.001).
There was hypothyroidism in five (15%) of the 32 patients. Necrosis of the temporal lobe was not seen in any of the patients. Carotid
artery stenosis after treatment depends more on the duration of the period after treatment and the patient’s being in the age group
when atherosclerotic risk factors are present than on the amount of dose administered.
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OZET
Nazofarenks kanserli Olgularda Rdyoterapiye Sekonder Gelisen Ge¢ Yan Etkilerin Degerlendirilmesi

Son yillarda nazofarenks kanserli olgularda yasam sUresinin artmasi, tedavi sonrasi yasam kalitesini 6n plana gikarmistir. Bu grup has-
talarda yasam kalitesini yUksek tutmak igin tedavi sonrasi gelisen geg toksisitelerin irdelenmesi amaclanmistir. Nazofarenks kanseri
nedeniyle boyun bdlgesine 1-10 yil énce radyoterapi (RT) alan 32 hasta galismaya alinmistir. Hastalarin karotis arter stenozu, hipoti-
roidi ve temporal lob nekrozu igin boyun ultrasonogrofi (USG), tiroid fonksiyon testi ve dinamik beyin magnetik rezonansi (MR) yapil-
mistir. Elde edilen veriler SPSS 11.5’de degerlendirilmistir. Boyuna uygulanan 60 Gy alti ile 60 Gy Uzeri dozlardaki karotis intima-me-
dia kalinigi benzer ¢ikmistir. RT sonrasi gecen sure 5 yildan fazla olan hastalarda intima-media kalinligi, 5 yildan az olan hastalara
oranla daha yuksek saptanmistir (p< 0.001). 40 yas UstU, kolesterol degeri yUksek, sigara ve hipertansiyon hikayesi olan hastalarin
damar kalinligi olmayanlardan daha yuksek cikmistir (p< 0.001). 32 hastadan 5’inde (%15) hipotiroidi saptanmistir. Hastalarin higbi-
rinde temporal lob nekrozuna rastlanmamistir. Tedavi sonrasi karotis arter stenozu, uygulanan dozdan ¢ok tedavi sonrasi gegen su-
reye ve hastanin aterosklerotik risk faktérlerini taglyacadi yas grubunda olmasina baglidir. Bu grup hastalarin takip ve kontrollerinde
gec toksisitenin iyi sekilde degerlendiriimesi, aterosklerotik risk faktorlerine yonelik dnleyici tedbirlerin alinmasi ve tedavisine yonelik
gerekli adimlarin atilimasi 6nerimektedir.

Anahtar Kelimeler: Bas-boyun timori, Radyoterapi, Geg toksisite, Hipotiroidi
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INTRODUCTION

There is a high incidence of carotid artery stenosis
after neck irradiation administered to patients with
head and neck carcinomas. However, this issue has
not drawn adequate attention from the researchers
due to the short survival in this group of patients.
Recent use of more efficient RT instruments in treat-
ment units has prolonged the survival of these
patients. This has led to an increased prevalence of
late side effects such as carotid artery stenosis.'
While in previous studies the incidence of carotid
artery stenosis after treatment was between 12%-
30%, this rate increased to 50% with the prolonga-
tion of the survival.?

The effect of ionizing RT on small and medium size
vessels is well known since 1940s. Although the
effect of treatment on large vessels such as carotid is
not entirely clear, it may be narrowing vessel lumen
by causing hyperplasia in intima and necrosis and
fibrosis in media, increasing intima-media dimen-
sion.’ Studies suggested carotid endarterectomy over
60% carotid obstruction. For this procedure to be
helpful cerebrovascular event risk must be lower
than 3% .* However, high morbidity of surgical inter-
ventions after RT and short survival has rendered
these treatment approaches controversial. On the
other hand, the fact that patients will benefit from
preventive treatmant is accepted by many investiga-
tors.’

Carotid stenosis is influenced by other factors such
as hypertension, diabetes, smoking and obesity as
well as RT. Patients at risk of carotid stenosis are rec-
ommended to be more closely monitored and evalu-
ated with suitable imaging methods. In order to
decrease this sequela of head and neck irradiation, it
is important to treat hypertension and diabetes seri-
ously and provide consultation for obesity and smok-
ing.! RT applied in the treatment of head and neck
carcinomas frequently leads to iatrogenic hypothy-
roidism. Hypothyroidism due to RT was first report-
ed in 1960s. More than 20 articles on this subject
have been published so far. Biochemical hypothy-
roidism develops in at least 50% of the patients
receiving RT to the neck region. Patients receiving
neck irradiation and with thyroid stimulan hormone
(TSH) values above 4.5 wlU/L are recommended for
thyroid hormone replacement.®
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PATIENTS AND METHODS

Thirty-two Patients who have received RT to the
head and neck region between 1995 and 2004
because of nasopharyngeal carcinoma with their RT
completed at least one year ago and with no draw-
backs for cranial MRI and Doppler USG of the neck
were included in the present study . This study has
investigated the late side effects of RT on the carotid
artery, the thyroid gland and the temporal lobe.

Smoking and drinking habits of the patients and pres-
ence of hypertension, diabetes and hypercholes-
terolemia were assessed in detail and recorded. All
patients underwent a test consisting of a series of
questions in order to evaluate the history of cere-
brovascular disease in them and in their families.
Patients were questioned about symptoms of thyroid
dysfunction and history of stroke, and signs of tem-
poral lobe necrosis were carefully reviewed. In addi-
tion, all patients fasted for one night and detailed
blood analyses were carried out; thyroid hormones
(TSH, {T3, fT4, total T3, total T4) and lipid profiles
(cholesterol, triglycerides, HDL, LDL) were record-
ed and classified in regard to normal limits. Borders
of the region where irradiation was applied and the
irradiation doses of the nasopharyngeal and neck
regions were recorded. Changes in the neck vessels
were examined with doppler USG (Siemens Ger-
many) using a 7 MHz linear probe and the carotid
artery imaging mode. Right and left common carotid
arteries, proximal of both internal and external
carotid arteries were examined by the same radiolo-
gist with the patients in supine position and their
necks in extension and looking to the opposite side.
Measurement of the intima-media thickness was car-
ried out with an anterolateral approach and from the
back wall with the probe head forming a right angle
with the vessel. Intima-media thickness was defined
as the distance between the echogenic line at the
blood-intima interface and the echogenic line at the
media-adventitia interface. In order to look for tem-
poral lobe necrosis and white matter damage, cranial
diffusion weighted MR was taken and the results
were evaluated by the same radiologist.

The results were analyzed with the SPSS 11,5 Statis-
tical Package. Pearson’s correlation test was used for
correlation analysis and Mann-Whitney U test for
categorical evaluation. One-Sample T test was used
for comparing the carotid intima-media thickness
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Table 1. Comparison of intima-media measurements of the

right and left carotid arteries

Intima-media thickness

Minimum Maximum Mean+SE

Right a.c.com. 0.4 mm 2.7 mm 0.97 mm=0.09 mm
Left a.c.com. 0.4 mm 2.6 mm 0.97 mm+0.08 mm
Right a.c.ext. 0.4 mm 1.6 mm 0.83 mm+0.04 mm
Left a.c.ext. 0.4 mm 1.5 mm 0.82 mm+0.04 mm
Right a.c.int. 0.4 mm 2.7 mm 0.94 mm=+0.08 mm
Left a.c.int. 0.4 mm 2.6 mm 0.95 mm+0.08 mm

Table 2. Effect of the RT dose on vessel thickness
Intima-media thickness

Dose n Mean+SE P value

A.c.com. <60 Gy 19 1.08+0.12 0.18
>60 Gy 13 0.89+0.05

A.c.int. <60 Gy 19 0.99+0.11 0.47
>60 Gy 13 0.90+0.05

A.c.ext. <60 Gy 19 0.83+0.04 0.78
>60 Gy 13 0.81+0.08

Right a.c.com.= Right arteria carotis communis
Left a.c.com.= Left arteria carotis communis

expected from the normal population with the carotid
intima-media thickness of the patients undergoing
irradiation in our study.

RESULTS

Thirty-two patients undergoing head and neck irradi-
ation because of nasopharyngeal carcinoma were
included in the study. Twelve (37.5%) patients were
female and 20 (62.5%) were male, and median age
was 40 years ranging from 17 to 61. Median follow-
up after irradiation was 5.2 years, ranging from 1
year to 10 years. RT doses administered were 66-70
Gy to the nasopharynx in all patients except for 2
patients who did not tolerate RT, 50-70 Gy to both
necks (left neck median dose 60.59 Gy and right
neck median dose 57.81 Gy) and 50 Gy to the supr-
aclavicular fossa. Twenty-three of 32 patients under-
going irradiation also received chemotherapy, while
9 did not do so. In 20 patients receiving chemothera-
py, treatment started with neoadjuvant chemotherapy
and after 2-4 cures RT was commenced. Eight
patients received RT concomitantly with chemother-
apy. All patients receiving chemotherapy were given
regimens involving cisplatin. In 18 patients (56%)
there was history of smoking, in 15 (45%) hyperlipi-
demia, in 3 (9%) hypertension and in 1 (3%) dia-
betes. Cerebro vascular disease history was not pre-
sent in any patient. Measurement of carotid artery
intima-media thicknesses did not reveal a difference
between right and left carotid artery values. Vessel
diameters were similar in the right and left necks
(Table 1).
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A.c.com.= Arteria carotis communis
A.c.int.= Arteria carotis interna

When right and left necks were evaluated together,
intima-media measurements were similar at doses
below 60 Gy and over 60 Gy administered to the
neck Intima-media thickness was irrespective of the
RT dose administered (Table 2) (p> 0.05).

As time after irradiation is prolonged , late effects of
irradiation on the vessels are expected to increase.
Our study supports this idea and intima-media thick-
ness more than 5 years after irradiation was higher
than that observed in less than 5 years. Vessel thick-
ness of the patients whose post treatment period
ranged from < 5 years (n= 16 patients) to 5-10 years
(n= 16 patients) were determined to be respectively
A.c.com 0.79 mm-1.15 mm (p= 0.003), A.c.int 0.78
mm-1.09 mm (p=0.005), A.c.ext.0.72 mm-0.91 mm
(p=0.000) (Figure 1)

Because the possibility of encountering predisposing
risk factors for arteriosclerosis such as hyperlipi-
demia, smoking and hypertension increases with
patient age, the thickness of the measured vessel is
also expected to increase. Likewise, in our study a
positive correlation was found between patient age
and intima-media thickness of the carotid arteries.
Vascular thickness was found to be high in patients
over 40 years (p= 0.000). Vascular thickness was
greater in patients with elevated cholesterol values
than those with normal values(p< 0.005). Similarly,
patients with a history of smoking and hypertension
had thicker vessels than those without such an histo-
ry. (p< 0.001) (Table 3).
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Figure 1. Effect of time after RT on vessel thickness
A.c.com.= Arteria carotis communis

A.c.int.= Arteria carotis interna

A.c.ext.= Arteria carotisexterna

According to the data pool with Doppler USG,
carotid intima-media thickness values below 0.8 mm
are considered normal. In our patient group, common
carotid artery thickness was found to be over the
average value of community in 48% of common
carotid arteries, 40% of internal carotid arteries and
39% of extrenal carotid arteries (> 0.8 mm). While
the difference in intima-media thickness of common
ve internal carotid arteries was found to be statisti-
cally significant (p< 0.05), the difference in external
carotid artery was not significant.

One of the late side effects of neck radiotherapy is
hypothyroiditis. In measurements, TSH value was
found to be over 4.2 ulU/mL, which is considered the
upper limit of normal, in 5 (15.6%) patients.. TSH
was found to be high and fT3 and fT4 normal in 3
asymptomatic patients whereas TSH was high, dT3
normal and fT4 low in 2 symptomatic patients. In
five patients whose TSH values were high, hormon
treatment was initiated. Patients with cranial base
involvement are at risk for temporal lobe necrosis,
because they are treated with a larger area of irradia-
tion. In our study group 5 patients had cranial base
involvement. None of our patients had the clinical
features of temporal lobe necrosis such as vertigo,
tendency to sleep, memory disorders, personality
changes, epileptic seizures, deterioration of intelli-
gence, changes in consciousness and increased
intracranial pressure symptoms. None of the patients
had signs of temporal lobe necrosis, white matter
damage or edema in any of the diffusion weighted
MR images.
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Table 3. Effects of atherosclerotic risk factors on vascular
thickness

Intima-Media Thickness (Mean+SE)
Age <40 years >40 years P value
A.c.com. 0.71+0.03 1.14+0.08 0.000
A.c.int. 0.72+0.04 1.09+0.08 0.000
A.c.ext. 0.69+0.02 0.90+0.03 0.000
Cholesterol low high
A.c.com. 0.84+0.04 1.28+0.15 0.002
A.c.int. 0.84+0.04 1.21+0.15 0.005
A.c.ext. 0.77+0.02 0.93+0.04 0.002
Smoking No Yes
A.c.com. 0.82+0.07 1.08+0.08 0.001
A.c.int. 0.73+0.04 1.10+0.08 0.000
A.c.ext. 0.70+0.02 0.91+0.03 0.000
Hypertension No Yes
A.c.com. 0.86+0.04 1.96+0.29 0.000
A.c.int. 0.84+0.03 1.86+0.24 0.000
A.c.ext. 0.77+0.01 1.30+0.10 0.000

A.c.com.= Arteria carotis communis; A.c.int.= Arteria carotis interna
A.c.ext.= Arteria carotisexterna

DISCUSSION

Irradiation is the main treatment modality in
nasopharyngeal carcinomas. Because long survival
can be obtained in nasopharyngeal carcinoma, late
side effects of the treatment have a special impor-
tance. Effects of head and neck irradiation on oral
dental health, salivary glands and skin-subcutaneous
tissues are well known. However, effects on the ves-
sels, thyroid gland and temporal lobe have not been
adequately investigated. Data obtained from people
exposed to low dose radiation have demonstrated
that vascular damage does not develop. However,
these doses are far below those used in RT. There-
fore, it is accepted that vessel injury occurs at treat-
ment doses. Elerding et al. have carried out carotid
angiography on Hodgkin’s lymphoma patients at the
mean age of 28 years and who underwent irradiation
at least 5 years ago, and have found vascular changes
at a rate of 22%. These findings show that vascular
changes can occur even in a patient group who
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receive a relatively low radiation dose such as those
with Hodgkin’s lymphoma.” Although vessel injury
secondary to RT has been established, threshold
value of the relation between dose and injury has not
been determined so far. Chung et al.®, have compared
patients receiving high dose irradiation (65 Gy) with
those receiving lower doses (<60 Gy), and could not
establish a dose related relationship with the intensi-
ty of carotid changes in post-irradiation MR angiog-
raphy studies. Also in our study, a dose-response
relationship could not be shown in patients receiving
50-59 Gy dose and those receiving 60-70 Gy dose.
Experimental and clinical studies show that changes
in small vessels begin in a shorter time, while those
in large vessels are observed at a later stage. In order
to make a diagnosis and prevent untoward side
effects before occurring, we should determine when
the vascular damage develops after irradiation.
Muzaffar et al. have found that progressive increase
in intima-media thickness occurs during the first 2
years after irradiation.” Other authors have also
shown that severe carotid stenosis occurs at a high
rate of 22% during the first 5 years following irradi-
ation." In contrast to these clinical studies , Cheng et
al." have found that the time for the development of
stenosis after irradiation is longer (longer than 5
years). Also in our study, intima-media thickness of
the patients with more than 5 years after irradiation
was statistically significantly greater than those with
less than 5 years.

In the study on vascular changes in the normal
patient group conducted by Belcaro, a relationship
between patient age and atherosclerotic changes was
determined. It was seen that changes in carotid
become more marked with advancing age. In anoth-
er study similar to that of Belcaro vascular changes
were present in 13% between 20-29 years and in
64% between 30-39 years. In the present study, it
was found that thickness of the carotid-intima media
increases significantly with age. Hypertension,
hypercholesterolemia and smoking are risk factors
for increased mtima-media thickness in adults above
40 years and undergoing irradiation . Lamberts and
Boer have shown in their study on rabbits with high
cholesterol undergoing a low dose of X-ray such as 5
Gy that some changes occur in the carotid. They have
stated that while the lipids in the blood circulation
diffuse into the vessel wall, the lipophages form a
precipitate.” In another study, Tiamson et al. have
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administered 6 Gy radiotherapy to rabbit aorta, and
have found more extensive atherosclerotic changes
in the rabbits under high cholesterol diet than the
control group.” In the present study, age above 40
years, smoking, hypertension, high levels of choles-
terol were found to be statistically significant risk
factors. Increased intima-media thickness was found
at a higher rate in patients with these risk factors.The
most frequent finding seen after irradiation of the
thyroid gland is hypothyroidism."” Hypothyroidism
occurs when the dose of radiation received by the
thyroid gland exceeds 26 Gy. Hypothyroidism is
either apparent or in the form of sub-clinical
hypothyroidism (abnormal elevation in serum TSH
and normal serum fT4). Studies have reported the
incidence of hypothyroidism as a result of neck irra-
diation to show a wide variation between 3% and
92% but it was in the 20%-30% range in the majpri-
ty.” In our study, hypothyroidism was seen in 5 of 32
(15%) patients. The lower rate of hypothyroidism in
our study may be due to the fact that entire thyroid
lobe was not included in the treatment volume.Tem-
poral lobe necrosis following treatment for nasopha-
ryngeal carcinoma is a serious late side effect. The
incidence of temporal lobe necrosis depends on dif-
ferent variables such as total irradiation dose applied,
irradiated brain volume and treatment duration." Lee
et al.”” have found temporal lobe necrosis in 3%, and
white matter damage in 1% of patients receiving 65
Gy radiotherapy to the nasopharynx. In another
study'®, fifty-four of 849 patients showed radiologi-
cal changes of temporal lobe necrosis. There were
mild symptoms (vertigo, tendency to sleep, memory
disorders, and personality changes) in 50 patients
and severe symptoms (epileptic seizures, deteriora-
tion of intelligence, changes in consciousness) in 4.
None of our patients had radiological changes per-
taining to temporal lobe necrosis and white matter
damage.

Conclusion

Because of improvement in survival in head-neck
cancer patients in recent years, quality of life has
become importent. During follow in this group of
patients, Doppler USG for vascular occlusion evalu-
ation and thyroid fonctions tests for hypothyroidism
should be performed at least annually. When patients
develop symptoms of temporal lobe necrosis, it
should be to be examined with diffusion weighted
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MR images. Prophylactic measures are suggested for
such pathologies and they shoudl be trated judicious-
ly when necessary.

10.

11.

12.
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