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Abstract

Background and objectives: Radiation treatment in nasopharyngeal carcinoma (NPC) is known to be
associated with increased prevalence of carotid stenosis. The objectives of the study was to determine
the prevalence of radiation-induced extracranial carotid stenosis, plaque, carotid intima thickness
(CIMT) in NPC patients; to explore whether the stenosis is due to direct effect of radiation rather
than general tendency to atherosclerosis. Methods: This was a cross-sectional study conducted in the
University Malaya Medical Centre from July 2011 to February 2012. The study subjects consisted of
47 NPC patients who were treated with radiation, and 47 healthy control. The patients and control had
carotid duplex ultrasound and transcranial Doppler (TCD). Results: The mean age of the patients was
55.1 years, the time lapse from radiation was 76.7 + 95.3 months. Internal carotid artery (ICA) and
common carotid artery (CCA) stenosis of =50% was seen in 17.0% of patients vs 2.1 % of controls
(p = 0.031), with 61.7% of patients and 19.1% of controls having plaque in ICA and CCA (p=0.004).
CIMT was increased in 70.2% of patients and 44.7% of controls (p =0.022). Both the patient group
and control had similar rate of intracranial stenosis of 12.8% in TCD.

Conclusion: Extracranial internal carotid artery is the most common site of stenosis following
radiotherapy in NPC. This suggests that local trauma from irradiation is the most important factor in
predisposition to atherosclerosis following radiation therapy.

INTRODUCTION carotid stenosis.> A recent study showed that
young NPC patients had higher risk of stroke
compared to general population.'

Intracranial atherosclerosis is relatively
common in Asia, particularly in the presence of
vascular risk factors of diabetes mellitus (DM),
hypertension and hyperlipidaemia. In NPC,
irradiation injury to the large arteries is thought to
be caused by the direct effect of radiation, with risk
of atherosclerosis being limited to the local area
within the radiation field.®® The objective of this
study was to evaluate the prevalence of radiation
induced carotid stenosis, plaque and CIMT. We
also aimed to assess whether the carotid stenosis
was only due to direct radiation effect on the
extracranial carotid artery, or contributed by an
increased generalized atherosclerosis secondary
to underlying chronic illness from the carcinoma.
Transcranial Doppler (TCD) was useful to evaluate
the intracranial vessels, not within the radiation
field. We hypothesized that there may also be
increased intracranial stenosis due to chronic
inflammation in NPC.

Stroke causes significant mortality and morbidity.
About 10% of stroke is due to carotid artery
disease.! Head and neck radiotherapy causes carotid
artery stenosis.? Nasopharyngeal carcinoma (NPC)
is a common cancer of the head and neck.’It is the
second most common cancer among men in Malaysia
(8.8% of total male cancers).* The outcome of NPC
treatment has greatly improved with advances in
imaging, radiotherapy techniques and concurrent
chemoradiation.” However, high dose radiation to
the neck exposes the arteries to radiation injury.®
The radiation vasculopathy affecting medium
and large arteries is not uncommon, resulting in
haemodynamically significant stenosis.>” Damage
to intima media causes premature atherosclerosis
and this process is accelerated in patients with risk
factors for atherosclerosis.?

NPC patients post radiotherapy with carotid
stenosis are at risk for stroke.” As NPC patients
have good prognosis with a high survival rates,
and they are relatively young, it is important for
these patients to be screened for radiation induced
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METHODS

This was a cross-sectional study conducted from
July 2011 to February 2012 in the University
Malaya Medical Centre, a tertiary teaching
hospital in Kuala Lumpur, Malaysia. The
study was approved by the Ethics Committee
of the Centre. The study subjects consisted of
NPC patients with previous radiotherapy. The
controls consisted of healthy relatives of patients
visiting the Medical Centre. The control subjects
were age, gender and ethnic group matched.
They had similar vascular risk factors as the
patients, i.e., DM, hypertension (HT), smoking,
hyperlipidaemia, ischaemic heart disease, and
family history of transient ischaemic attack or
stroke. The exclusion criteria for NPC patients
were those who had carotid artery intervention
or surgery prior to diagnosis of NPC, not treated
with radiotherapy, history of transient ischemic
attack (TTA) or stroke prior radiotherapy. Control
subjects with previous history of TIA or stroke
were excluded. Informed consent was obtained
from the study participants.

For the patients, the data acquired included
risk factors for atherosclerosis such as past
history of DM, HT, ischemic heart disease (IHD),
hyperlipidaemia, smoking and family history of
cerebrovascular disease (stroke/TIA); details of
the NPC, previous radiotherapy (nature, dose and
date), chemotherapy and any surgical intervention.
The patients were asked whether they had stroke
or TIA after exposure to radiotherapy. The blood
test done included fasting blood glucose and
fasting lipid profile. Fasting blood glucose >6.1
mmol/L, fasting total cholesterol = 5.2 mmol/L
and low density lipoprotein (LDL) = 2.59 were
taken as abnormal. The control subjects had the
same history, clinical examination and blood
tests taken. All the study participants had carotid
duplex ultrasound to assess the extracranial
internal carotid artery, common carotid artery and
vertebral artery, and TCD to assess the intracranial
vessels.

Radiotherapy

All the NPC patients had either two-dimensional
conventional or three—dimensional conformal
external beam radiotherapy (EBRT). Shielding
was applied to the brain, oral cavity, and the
orbit to avoid the radiation dose. The radiation
was given in fractionated doses of two Gy daily
for 33-35 days.The nasopharynx (primary site)
was irradiated with 70 Gy whereas the neck was
given 66 Gy, if there were no cervical lymph nodes
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involvement. Additional doses were given to the
neck area if cervical lymph nodes were present.

Carotid duplex ultrasound

The ultrasound was performed in the Radiology
Department of the Medical Centre by a single
experienced Ultrasonographer (Technologist).
The ultrasound was done using Phillips 1U22
scanner (Seattle, USA) with a 4 MHz probe. The
examination was performed according to standard
protocol.! The common carotid artery (CCA),
external Carotid artery (ECA), internal carotid
artery (ICA) and the vertebral artery (VA) on
both sides were insonated.

An atherosclerotic plaque was defined as a
focal structural encroachment into the arterial
lumen of at least 0.5 mm.'? The presence of
plaque, the degree of stenosis and the locations
of stenosis were documented. The diagnostic
criteria for stenosis were according to the Society
of Radiologists in Ultrasound Consensus Criteria
for Carotid Stenosis."® Carotid intima media
thickness (CIMT) was measured according to the
Consensus Statement from the American Society
of Echocardiography Carotid Intima-Media
Thickness Task Force.”? CIMT measurements
were taken at three different angles from the distal
one cm of the far wall of both Common Carotid
arteries and a mean value was taken for both
right and left CCA. We defined mean CIMT as
increased if = 0.8 mm similar to other studies.'*"
CIMT was analysed in two different methods.
Firstly, the CIMT was taken as increased (= 0.8
mm) and not increased (<0.8 mm). In addition,
the mean CIMT (mean of right and left CIMT)
was taken.

Transcranial Doppler (TCD)

TCD was performed in the Neurology Laboratory
of the Medical Centre. All the TCD were done
by a single certified laboratory technician and the
results were interpreted by a single Neurologist
(SMLT). All the tests were performed by TCD
machine Nicolet Companion III equipment with
a 2 MHz transducer.

Statistical analysis

All descriptive statistics were done using Statistical
Package for Social Sciences, SPSS (Version 16.0,
SPSS Inc., Chicago, USA). Descriptive analysis
was performed on basic demography. Chi square
test (or Fisher’s exact test) was used to evaluate for
association between radiotherapy and extracranial
carotid stenosis, plaque, increased CIMT and



intracranial stenosis. Mann Whitney U test was
used to look for association between radiotherapy
and mean CIMT as well as for association between
time elapsed from radiotherapy with carotid
stenosis, plaque and CIMT.

Multilogistic regression was used to assess
the effect of radiation and vascular risk factors
on carotid stenosis, plaque and CIMT. The
correlation between mean CIMT and time elapsed
from radiation, was analysed using Spearman’s
correlation. P < 0.05 was taken as statistically
significant.

RESULTS

One hundred forty nine patients with NPC were
screened at the NPC clinic of the Medical Centre,
148 patients fulfilled the inclusion criteria. Forty
seven NPC patients consented to the study and
were recruited. There were 47 subjects recruited
as control. Most of the patients were Chinese
(83%), the others were Malays (17%). The
demography and vascular risk factors of the NPC
patients and control are shown in Table 1. Twelve
(25.5%) patients had radiation only, 35 (74.5%)
had combined chemotherapy and radiotherapy
(CCRT). The exact dose of radiotherapy was not
available for 16 patients. The mean total radiation

dose was 159.2 +31.9 Gy; paranasal sinus 71.4 +
12.1 Gy, total neck area 87.8 = 30.2 Gy, anterior
neck 66.0 = 17.8 Gy, right neck 11.5 + 12.4 Gy,
left neck 10.3 + 11.9. Gy. The mean time elapsed
from radiation was 76.7 £ 95.3 months.

Carotid duplex ultrasound

Significantly more NPC patients had carotid
stenosis =50% in the ICA and CCA than control
(8 (17.0%) vs 1 (2.1%), p=0.03). Significantly
more NPC patients had plaque in the ICA and
CCA than control (29 (61.7%) vs 14 (29.8%),
p=0.004). There was significant increase in IMT
thickening in the ICA and CCA among the NPC
patients as compared to control (33 (70.2%) vs
21 (44.7%), p=0.02). (Table 2)

The results of the carotid duplex ultrasound
according to the individual neck arteries and
degree of arterial stenosis in the NPC patients and
control is summarized in Table 3. Overall stenosis
was most common in the ICA (10), followed by
CCA (3), ECA (2) and VA (1). There were 13
CCA and ICA arteries in 8 patients (17%) with =
50% stenosis: 9 arteries with 50-69% stenosis (7
patients, 14.9%), 2 arteries with =70% stenosis (2
patients, 4.3%) and 2 arteries with total occlusion
(1 patient). As for ICA stenosis, there were 7

Table 1: Basic demography and vascular risk factors of the nasopharyngeal carcinoma patients and

control
Patients Control p-value

(n=47) (n=47)
Age in year Mean = SD 55.1+124 550+129 0.92

o male 31 (66) 12 (22)
(Giendtar (G, 72) female 16 (34) 16 (34) 1.00

. Malay 8 (17) 8 (17)
Ethnic group (n, %) Chinese 39 (83) 39 (83) 1.00
Smoking (n, %) yes 9 (19) 9 (19) 0.33
Diabetes mellitus (n, %) yes 5110 452 ((1819)) 1.00
Hypertension (n, %) yes 9 (19) 9 (19) 1.00
Hyperlipidaemia (n, %) yes 3(6) 4 (9) 1.00
Ischemic heart disease (n, %) yes 1) 1) 1.00
Fasting blood cholesterol (n, %) =5.2 25 (53) 20 (43) 0.41
LDL =22.59 (n, %) =2.59 33 (70) 28 (60) 0.38
Fasting blood sugar >6.1 24 49 0.67

LDL, low density lipoprotein
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Table 2: Overall summary of the results of carotid duplex ultrasound study on the neck arteries
showing stenosis, intima media thickening and plaque formation of the nasopharyngeal

carcinoma patients and control

Patients, N=47

Control, N =47

n (%) n (%) p-value
Carotid stenosis
(ICA and CCA)
Absent 39 (83.0) 46 (97.9) 0.03
Present 8 (17.0) 1(2.1) ’
Intima media thickening
(CcA)
Not increased 14 (29.8) 26 (55.3) 0.02
Increased 33 (70.2) 21 (44.7) ’
Plaque
(ICA and CCA)
Absent 18 (38.3) 33 (70.2) 0.004
Present 29 (61.7) 14 (29.8) ’
ECA stenosis
Absent 45 (95.7) 47 (100.0) 0.49
Present 2 (4.3) 0 (0.0) ’
Plaque in ECA
Absent 43 (91.5) 45 (95.7) 0.67
Present 4 (8.5) 2(4.3) ’
Vertebral artery stenosis
Absent 46 (97.8) 47 (100.0) 1.00
Present 1 2.1 0 (0.0) ’

ICA, internal carotid artery; CCA, common carotid artery; ECA, external carotid artery

arteries with 50-69% stenosis (7 patients), 2
arteries with =70% stenosis (2 patients) and 1
artery with total occlusion (1 patient). As for
CCA stenosis, there were 2 arteries with 50-69%
stenosis (2 patients), none with =70% stenosis
and 1 with total occlusion (1 patient). This was in
comparison to only one artery with total occlusion
in 1 patient in control.

Table 4 lists the results of the plaque
demonstrated by carotid duplex ultrasound.
Significantly more (29, 61.7%) patients as
compared to control (9, 19.1%, p=0.004) had
plaque in ICA and CCA. There were more plaques
present at CCA compared to ICA among the
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patients. There were plaques present at 44 CCA
in 27 patients and 14 ICA in 12 patients. There
were plaques present at 14 CCA in 9 subjects
and 4 ICA in 3 subjects among the control.

CIMT was significantly thickened (mean 0.85
+0.3) in the NPC patients as compared to control
(mean 0.68 = 0.13, p=0.001).

On multilogistic regression analysis,
radiotherapy was the only statistically significant
factor associated with carotid stenosis; age and
radiotherapy was significantly associated with
plaque formation; radiotherapy, age and gender
were significantly associated with CIMT on
multilogistic regression analysis (Table 5).



Table 3: Degree of stenosis in the individual neck arteries by the carotid duplex ultrasound in the
nasopharyngeal carcinoma patients and control

Nasopharyngeal carcinoma patients

50-69 % = 70%
Normal stenosis stenosis Total occlusion
Right CCA 47 (100%) - - -
Right ICA 42 (89.3%) 4 (8.5%) 1(2.1%) -
Left CCA 44 (93.6%) 2 (4.3%) - 12.1%)
Left ICA 42 (89.3%) 3 (6.4%) 1(2.1%) 1(2.1%)
Right ECA 45 (95.7%) 1 (2.1%) - 12.1%)
Left ECA 46 (97.9%) - 12.1%) -
Right VA 46 (97.9%) - 1 2.1%) -
Left VA 47 (100 %) - - -
Control
Right ICA 46 (97.9 %) - - 12.1 %)

CCA, common carotid artery; ICA, internal carotid artery; ECA, external carotid artery; VA, vertebral artery
The left ICA, right CCA, right ICA, both ECA, both VA of the controls were all normal.

Based on Mann Whitney U test, there was
statistically significant association between plaque
with time elapsed from radiation and radiation
dose to the neck (Table 6).

Transcranial Doppler (TCD)

Intracranial stenosis was present in 6 NPC patients
and 6 control. The locations of the intracranial
stenosis in TCD were left MCA (2 patients, 2
control), left ICA siphon (no patient, 1 control),
left VA (2 patients, 4 control), basilar artey (3
patients, no control), right MCA (2 patients, 1
control), right ACA (no patient, 1 control), right
ICA siphon (2 patients, 1 control), and right
vertebral artery (2 patients, 1 control).

Clinical outcome in stroke

Only one NPC patient had stroke which involved
the cerebellum, none had TIA.

DISCUSSION

We have shown by carotid duplex ultrasound
that NPC patients with radiation has significantly
increased risk of stenosis in the ICA and CCA,
about eight times more than control in developing
stenosis > 50%. The stenosis was particularly
prevalent in the ICA (10 arteries), followed by
CCA (3 arteries) and ECA (2 arteries). There were
also significantly more plaques in the CCA and
ICA, with thickened CIMT. Radiotherapy was

Table 4: Carotid duplex ultrasound showing location of plaque in nasopharyngeal carcinoma patients

and control

Patient Control
Right CCA 20 (42.6%) 5 (10.6%)
Right ICA 6 (12.8%) 1 (2.1%)
Left CCA 24 (51.1%) 7 (14.9%)
Left ICA 7 (14.9%) 2 (4.3%)
Right ECA 2 (4.3%) 1 (2.1 %)
Left ECA 0 2 (4.3%)
Right VA 0 0 (0 %)
Left VA 0 0 (0 %)

CCA, common carotid artery; ICA, internal carotid artery; ECA, external carotid artery; VA, vertebral artery
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Table 5: Multilogistic regression for carotid stenosis, plaque and carotid intima thickness (CIMT)
with respect to radiotherapy and other risk factors

Risk factors for carotid stenosis B p-value 95% confidence interval
Age 1.06 0.097 0.98 — 1.15

Sex 1.30 0.80 0.16 — 10.39
Smoking 0.08 0.06 0.006 — 1.10
Diabetes 0.77 0.85 0.05 -10.80
Hypertension 10.30 0.12 0.51 — 204.68
Heart Disease 0.12 0.43 0.001 - 21.94
Hyperlipidemia 1.36 0.84 0.06 — 31.21
Radiotherapy 0.03 0.02 0.002 — 0.570

Risk factors for Plaque B p-value 95% confidence interval
Age 1.06 0.01 1.01 - 1.11

Sex 0.49 0.19 0.16 — 1.43
Smoking 1.23 0.75 0.34-4.39
Diabetes 3.16 0.19 0.56 — 17.83
Hypertension 1.82 0.42 0.42 —7.78

Heart Disease 0.00 0.99 0.00 -
Hyperlipidemia 0.25 0.24 0.02 —2.52
Radiotherapy 0.198 0.001 0.73 — 0.534

Risk factors for CIMT B p-value 95% confidence interval
Age 1.07 0.004 1.02 -1.12

Sex 0.29 0.03 0.09 - 0.87
Smoking 1.65 0.47 0.43 - 6.30
Diabetes 2.15 0.39 0.37 - 12.47
Hypertension 0.41 0.29 0.08 —2.12

Heart Disease 0.00 0.99 0.00 -
Hyperlipidemia 0.59 0.69 0.04 - 8.18
Radiotherapy 0.27 0.01 0.98 - 0.74

the only significant factor associated with carotid
stenosis. The plague formation was significantly
associated with time elapsed from radiation and
radiation dose to neck. On the other hand, there
was no increased prevalence of intracranial
stenosis based on TCD, and VA stenosis based
on carotid duplex ultrasound.

Table 7 is a summary of previous studies on
carotid artery disease in NPC and head and neck
cancer patients treated with radiation. Whereas
ICA was the main site of stenosis in our patients,
with less common involvement of CCA and ECA;
previous studies show frequent involvement of
CCA7202225 TCA2022 a5 well as ECA.7?? This is
probably related to the differences in the radiation
field and dosage.

Our study is one of the few which assess
comprehensively CIMT, plaque as well as carotid
stenosis in NPC patients. Martin et al. is another
study that has also looked into CIMT, plaque and
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carotid stenosis in their study population.?* In our
study, age and radiation dose were predictors of
plaque. This is similar to previous study by Chang
et al.® Time elapsed from radiation was also
significantly associated with plaque formation in
our study. Earlier studies have shown an interval of
more than 5 years from irradiation an independent
significant predictor of =70% carotid stenosis.!”
1 The mean CIMT in our study was raised at
0.85mm =+ 0.30. This was lower than the Dutch
and Hong Kong studies.?>*

Only one of our patients had stroke. The
incidence of stroke in NPC patients, including
those with significant carotid stenosis is
variable; low in some studies®®*?*? and high in
Others.18’19’28'30

Our study was the first that used TCD
systematically to assess the intracranial vessels
in NPC patients. Li et al. also used TCD in some
of their patients.”® In systemic diseases such as



Table 6: Association of carotid stenosis, plaque and carotid intima thickness (CIMT) with time elapsed

from radiation

Carotid Stenosis

Carotid Stenosis

absent present p-value

Time elapsed from radiotherapy

Mean in month 22.88 29.44 0.21

Radiation dose to neck

Mean in Gy 23.97 24.12 0.98
CIMT normal CIMT abnormal

Time elapsed from radiotherapy

Mean in month 20.93 25.30 0.31

Radiation dose to neck

Mean in Gy 27.96 22.32 0.18
Plaque absent Plaque present

Time elapsed from radiotherapy

Mean in month 16.42 28.71 0.003

Radiation dose to neck

Mean in Gy 30.39 20.03 0.009

immune mediated conditions and infection as
well as diabetes, hypertension, hyperlipidaemia,
inflammation is able to trigger the process that
leads to premature atherosclerosis.’' There is
limited studies reported in the literature about
inflammation in cancer. After radiotherapy, CRP
and ferritin levels as inflammatory markers has
been reported to be significantly higher in stage
three lung cancer. *

Intracranial atherosclerosis is frequently found
in the setting of the widespread atherosclerosis.*
In our study, there was no significant increase in
intracranial stenosis in the patients, demonstrating
that there was no widespread atherosclerosis
from the direct or indirect effect of cancer. The
intracranial vessels are not directly within the
radiation port and therefore they are not exposed
to radiotherapy directly as compared to the
extracranial carotid arteries. The arterial stenosis
appears to be localized to within the radiation field
in the neck. Localized hemodynamic factor may
also be important in the predisposition of ICA to
develop stenosis.

It has been reported that NPC most commonly
metastasize to the upper cervical chain and
jugulo-digastric lymph nodes (70%), followed by

the jugulo-omohyoid nodes (45%) in the neck.*
Jugulo-omohyoid nodes is close to the origin of
the ICA, which is common site of stenosis post-
radiation. The risk of carotid artery injury should
thus be balanced against the benefit of treatment
to the metastasis when determining the field and
dose of the radiation in the NPC patient.

In conclusion, we have shown a high prevalence
of carotid artery stenosis, plaque, and increased
CIMT in NPC patients post radiotherapy. On the
other hand, there was no increased intracranial
stenosis away from the radiation field. This
confirms that the predisposition to carotid stenosis
is due to the direct effect of irradiation, localized
to the area within the radiation field and not due
to generalized atherosclerosis.
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Table 7: A summary of previous studies of carotid artery disease in NPC patients with radiotherapy

Author, year of Details of study

publication,
location

Results

Steele et al. '®,
1994, Fort
Lewis, USA

Dubec et al.”,
1998,
Vancouver,
Canada

Cheng et al."s,
1999,
Hong Kong

Cheng et al.",
2000,
Hong Kong

Lam et al.?’,
2001,
Hong Kong

Lam et al.?,
2001,
Hong Kong

Lam et al. %,
2002,
Hong Kong

Lietal?,
2010,
Taiwan

40 NPC patients
with radiation

45 NPC patients vs
348 controls

240 patients with
primary head and
neck malignancies

96 NPC patients vs
96 healthy controls

71 post-radiation
NPC patients vs 51

pre-radiation patients

80 post-radiation
NPC patients vs 58
controls

71 NPC patients vs
142 controls who
had symptoms of
cerebrovascular
disease or carotid
bruit

43 NPC patients
with stroke or TIA
(31 patients with
complete

15 patients (40%) with significant carotid artery stenosis.
6 patients (15%) with unilateral complete carotid occlusion
6 patients (15%) with significant bilateral carotid stenosis

>50% stenosis: 17 patients (38%) vs 13 controls (4%)

ICA >70% stenosis: in 29 patients (10 occlusions) vs 0 in
controls
CCA >70% stenosis: in 13 patients (5 occlusions) vs 0 in
controls
ECA >70% stenosis: in 18 patients (8 occlusions) vs 0 in
controls

ICA >70% stenosis: 14 arteries in 12 patients (6
occlusions) vs 0 in controls
CCA >70% stenosis: 11 arteries in 9 patients (4
occlusions) vs 0 in controls

Stenosis more common in irradiated group vs pre-radiation
group (56 of 71 vs. 11 of 51).

The CCA and ICA most commonly involved (55 of 71 vs.
11 of 51; P < 0.01), followed by ECA (32 of 71 vs. 1 of
51; P < 0.01) and VA (5 of 71 vs. 0; P = 0.069).
Significant stenosis (> 50% reduction of luminal diameter)
only found in post-radiation group (21 of 71 in CCA/ICA,
11 of 71 in ECA, 4 of 71 in VA).

24 patients with more than 50% diameter reduction in
extracranial carotid artery.

CCA >50% stenosis: 25 NPC patients vs 2 controls
(p<0.05)
ICA >50% stenosis: 14 NPC patients vs 25 controls
(p=0.72)
ECA >50% stenosis: 12 NPC patients vs 8 controls
(p<0.05)

ICA =70% stenosis: in 8 patients (6 occlusions) vs 0 in
controls
CCA =70% stenosis: in 3 patients (1 occlusion) vs 0 in
controls

ultrasonography data)

NPC, nasopharyngeal carcinoma; ICA, internal carotid artery; CCA, common carotid artery; ECA, external
carotid artery
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