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Is carotid stiffness a possible surrogate for
stroke in long-term survivors of childhood
cancer after neck radiotherapy?
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Background. The risk for cerebrovascular late effects among childhood cancer survivors is considerable. According
to recent studies it is not clear which marker could be reliable for the screening of cerebrovascular diseases among
the long-term survivors of childhood cancer. The purpose of this study is fo analyse arterial stiffness and infima-media
thickness as possible early markers of later occurring stroke in long-term survivors of childhood cancer after neck ra-
diotherapy.

Patients and methods. Twenty-three patients, treated for Hodgkin disease (HD) in childhood, were included.
They had received radiation therapy to the neck with 20-65 (median 30) Gy. Twenty-six healthy controls, mafched in
age, sex, body mass index, arterial hypertension, smoking history and total cholesterol levels were compared. High-
resolution colour-coded duplex sonography and power Doppler sonography of the caroftid arteries were performed
and infima-media thickness, number and quality of plaques were measured. Arterial stiffness indices were calculated.
Results. Plaque deposits and/or arterial wall calcinations were found in 24 out of 43 (55.8%) iradiated vessels in cancer
survivors group and 0 out of 52 vessels in the group of healthy controls (p <0.01). We found significant group differences
for all the stiffness parameters we used (P < 0.05), but there was no difference in infima-media thickness between cases
and controls (p = 0.92). In a multivariate model, carofid pulse wave velocity was positively associated with smoking.
Conclusions. The arterial stiffness has appeared as a possible surogate marker for stroke in long-term survivors of
childhood cancer. Smoking habit might have an additional negative influence on vascular aging in the group of
patients after neck radiotherapy.
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Introduction

The survival of children with cancer has improved
over the past decades and almost 80% of this
population now survives beyond 5 years.'? But
cumulative incidence of a chronic health condi-
tion thirty years after the cancer diagnosis is 73%
as evidenced by the Childhood Cancer Survivor
Study (CCSS).2 Cardiovascular complications are
serious late effects in childhood cancer survivors.
The risk of stroke is increased in survivors of pae-
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diatric Hodgkin disease (HD), leukaemia and brain
tumours who received radiation to the brain and/
or neck.* Compared with the siblings, the RR of
late-occurring stroke among HD survivors was
4.32, among those treated with mantle irradiation
the RR was 5.62, for leukaemia survivors the RR of
stroke was 6.4 and that one for brain tumour sur-
vivors was as high as 29.0 in comparison with sib-
lings.>® In the CCSS cohort of long-term survivors
of childhood cancer (LTSCC) the RR of severe or
life-threatening cerebrovascular accident was 9.3 in
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comparison with siblings.> One of possible mecha-
nisms of stroke in young adult survivors of child-
hood cancer may be a radiation-induced injury to
the carotid artery.

The increased risk of carotid artery disease and
stroke after radiation therapy (RT) in adult head
and neck cancer and HD patients is well docu-
mented” 2, but these radiation-related late effects
have only recently been documented in adult sur-
vivors of childhood cancer.!>1¢

The detection of an appropriate surrogate mark-
er for stroke is necessary in order to introduce it
into follow-up guidelines. This could enable us to
detect LTSCC who are at risk of developing cer-
ebrovascular events. Many studies in adults and
some in LTSCC found IMT as possible surrogates.
Anyway the results are not consistent. Arterial
stiffness was proposed as a possible surrogate for
cardiovascular morbidity in LTSCC.'”!® However,
the stiffness indices were not systematically stud-
ied. Therefore, we analysed indices of arterial stiff-
ness besides intima-media thickness as possible
early markers of later occurring stroke.

Patients and methods
Subjects

Patients were eligible for the study if they had
been treated for HD in Slovenia between 1975
and 1986, under the age of 16, and had received
RT to the neck. Fifty-six patients were treated for
HD at the age of 16 or less during this time range.
Sixteen patients died, 32 out of 40 living patients
received neck RT and were eligible for the study.
Eight patients refused to participate in the study;
one female patient was excluded from the study
because she had significant carotid artery stenosis,
managed with carotid angioplasty with stenting.
Stenting was done 33 years after the patient was
treated for HD with a neck RT with 30 Gy and
chemotherapy (ChT) with nitrogen mustard, on-
covin, procarbazine and prednisolone (MOPP).
None of the patients reported stroke or transient
ischemic attack (TIA). Twenty-three (7 females, 16
males) patients were included. They were 3 to 16
(median 11) year old at diagnosis and had evalu-
ation 27 to 38 (median 33) years later at the age
of 29 to 48 (median 43) years. They received neck
RT with 20 to 65 (median 30) Gy. Eighteen (78%)
patients received ChT, only two got ChT with
anthracyclines. We recruited 26 healthy controls
matched in age, sex, body mass index (BMI), arte-
rial hypertension, smoking history and total cho-

lesterol levels. Study procedures were approved
by the National Medical Ethics Committee of the
Republic of Slovenia.

Clinical and laboratory investigations

All participants completed a questionnaire to as-
sess cardiovascular risk factors. A positive family
history of cerebrovascular disease was defined as
a cardiac or cerebral ischemic event in a first-de-
gree relative younger than 65 years. We measured
height, weight and blood pressure. Eight hour fast-
ing blood samples were collected for measurement
of total cholesterol. Cancer survivors and healthy
controls were matched in age, sex, BMI, arterial
hypertension, smoking history, total cholesterol
levels. Diagnosis and treatment information were
abstracted from patient’s medical records.

Carotid measurements

High-resolution colour-coded duplex sonography
and power Doppler sonography (equipped with
an echo tracking system, Alpha 10, Aloka, Tokyo,
Japan) of the carotid arteries was performed in all
patients. Intima-media thickness (IMT), carotid di-
ameter measurements and arterial stiffness meas-
urements were performed longitudinally, strictly
perpendicular to the ultrasound beam, with both
walls clearly visualized bilaterally 2 cm below
the bifurcation, on the far wall of the common
carotid artery (CCA). For reproducible measure-
ments, high-quality images were acquired along a
CCA segment of minimum length of 1.5 cm. IMT
was measured in accordance with the Mannheim
consensus statement. The distances between the
characteristic echoes from the lumen-intima and
media-adventitia interfaces were measured. The
final IMT value was based on the mean value of
three maximal IMT measurements in three frames.
Arterial stiffness was automatically measured
from the modification of the arterial diameter be-
tween the systolic and diastolic phases on CCA
segments. Carotid diameter waveforms were as-
sessed by means of an ultrasound and converted
to carotid pressure waveforms using an empiri-
cally derived exponential relationship between
pressure and arterial cross section. Blood pressure
measurements were obtained simultaneously with
ultrasound measurements. The derived carotid
pressure waveform was calibrated from brachial
end-diastolic and mean arterial pressures by itera-
tively changing the wall rigidity coefficient.” This
allowed the calculation of the arterial stiffness in-
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TABLE 1. Risk factors in controls and cancer survivors

Charasteristics and risk factors Controls Survivors P value
Total 26 23

Sex (male (%)) 6 (77) 7 (70) 0.40
Smoking (%) 8 (30.8) 7 (30.4) 0.613
Family history (%) 5 (20) 0 0.031
Arterial hypertension (%) 4 (15.4) 6 (26.1) 0.354
Diabetes mellitus 0 0

Age (years) 42.65 +5.38 40.22 £ 6.56 0.16
Total cholesterol (mmol/I) 5.7 £1.00 5.6+ 1,01 0.646
Body mass index 25.4+298 249 +1.85 0.595

dices obtained as mean values of the last six meas-
urements:

[3, the stiffness index, is relatively independent
of transient blood pressure changes:

Ps Dd
F=Ipi bs—Dd

where Ps and Pd are systolic and diastolic pres-
sures (in mmHg), and Ds and Dd are systolic and
diastolic carotid diameters.?

Ep (kPa), the pressure-strain elasticity modulus,
is similar to Young's elastic modulus, regarded as a
measure of intrinsic rigidity/stiffness of the arterial
wall and inversely related to arterial elasticity?0*!:

(Ps — Pd)Dd
~ Ds-Dd

AC, arterial compliance (mm?kPa), is calculated
from the arterial cross-section area and blood pres-
sures. It exhibits an absolute stroke change in arte-
rial lumen area for a given pressure and evaluates
the role of the artery as a hollow structure?:

_ n(Ds* — Dd?)
ac = 4(Ps — Pd)

PWYV, the one-point pulse wave velocity (m/s),
is calculated from the time delay between two ad-
jacent distension waveforms from water hammer
equation with the use of the 3 stiffness parameter?

VAP

P = |——
wv= |

where ¢ is blood density = 1050 kg/m?.

Al the augmentation index (%), is a simple
method commonly used to measure the effects of
wave reflection and an indirect index of aortic elas-
ticity 2

e AP

I=—
AI=5p

where AP is the pressure difference between
peak systolic pressure and an early inflection point
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that indicates the beginning upstroke of the reflect-
ed pressure wave, and PP is pulse pressure.?

Beside these indices we examined the carotid
arteries for plaque deposits and wall calcinations
with the same ultrasound.

Statistical analysis

For the comparison of cases and controls we used
chi-square (for categorical variables) and t-test (for
continuous variables). In controls we examined ca-
rotids from both sides, so we analysed 52 non-irra-
diated vessels. In cases only carotids on irradiated
side of the neck were examined. Twenty patients
had bilateral neck RT, 3 unilateral only, so data for
43 vessels was included in our study.

All results were analysed using SPSS Version 21
software (SPSS, Chicago, IL, USA). For the group of
cases we performed univariate linear and logistic
regression analysis to detect associations between
variables. After that we developed multivariate
models for carotid PWV and wall calcinations and/
or plaques. Variables with P-values < 0.25 from our
univariate analysis were introduced into multivari-
ate models.

For intergroup relationships we chose PWV as
the most representative and usually used stiffness
index and wall calcinations and/or plaques as ath-
erosclerosis surrogate.

Results
Subjects

A total of 49 people (23 cases, 26 controls) were in-
cluded in our population study. In our comparison
of cases and controls no significant group differ-
ences were found for age, sex, BMI, total choles-
terol, arterial hypertension and smoking history (P
<0.05). But there was a difference in family history
between both groups (p = 0.031). Namely 20% of
controls and none of survivors had positive family
history (Table 1).

Carotid artery disease

Plaque deposits were present in 9 out of 43 (20.9%)
vessels in cancer survivors group and in 0 out of
52 vessels in the group of healthy controls (0%;
Figure 1). The results were analysed with the
Pearson chi-square test which showed a significant
group difference (p <0.01).

Arterial wall calcinations were present in 17
out of 43 (39.5%) vessels in cancer survivors group



Zadravec Zaletel L et al. / Carotid stiffness and stroke after neck radiotherapy

and in 0 out of 52 vessels in the group of healthy
controls (0%; Figure 1). These results were also
analysed with the Pearson chi-square test which
showed a significant group difference (p <0.01).

Plaque deposits and/or arterial wall calcinations
were found in 24 out of 43 (55.8%) vessels in can-
cer survivors group and 0 out of 52 vessels in the
group of healthy controls (0%; Figure 1) (signifi-
cant group difference (p <0,01).

As a measure of carotid stiffness the following
parameters were used: beta stiffness index, pres-
sure-strain elastic modulus (Ep), augmentation in-
dex (AI), pulse-wave velocity (PWV) and arterial
compliance (AC). We analysed the results with the
t-test, which showed significant group differences
for all the stiffness parameters we used (P < 0.05;
Table 2), but there was no difference in IMT be-
tween cases and controls (p = 0.92).

Univariate and multivariate models for
the group of cancer survivors

Among cancer survivors, we found a positive asso-
ciation between carotid PWV and gender (P = 0.03).
No significant relationships were found for smok-
ing, arterial hypertension, total cholesterol, age at
diagnosis, age at evaluation, BMI, chemotherapy
(yes, no) and size of RT dose (higher than 30 Gy or
lower/equal to 30 Gy) (Table 3). In a multivariate
model of carotid PWV only smoking was a signifi-
cant factor; PWV was higher in smokers (Table 4).
In a univariate and multivariate model of wall cal-
cination and/or plaque, none of the factors had sig-
nificant relationships (Tables 3, 5).

Discussion

The principal finding of present study is statisti-
cally significant higher values of carotid artery
stiffness parameters in LTSCC of HD after neck
RT. This is in agreement with two recent studies!®'”
Vatanen et al. found increased carotid artery stift-
ness in the cohort of 19 high-risk neuroblastoma
patients compared with the control group, no dif-
ferences in stiffness parameters were observed
when comparing total body RT with non-total
body RT survivors, but the number of patients in
the two groups was small.”” Krystal et al. evaluat-
ed carotid-femoral PWV in a cohort of 68 LTSCC,
including non-irradiated patients, and healthy
controls. LTSCC >18 years old at evaluation had
significantly higher PWV compared to controls >18
years old and 70% of LTSCC >18 years had elevat-
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FIGURE 1. Plaques and wall calcinations in cancer survivors and controls.

ed PWV compared to established norms. In a uni-
variate analysis, only exposure to RT and time off
therapy were significantly associated with greater
PWV. These associations did not hold after adjust-
ing for age, sex, and BMI z-score.!”® In the present
study all included patients were treated for HD
with neck RT with or without ChT. Therefore, our
group is more homogeneous regarding primary
diagnosis, type of treatment in comparison with
the above-mentioned studies, and it is population
based. According to these observations it seems
that PWV might be a surrogate marker for stroke
in long-term survivors of HD after neck RT.

IMT did not show up as a possible surrogate
marker for stroke in survivors of HD after neck RT.
Namely, in our study there was no significant dif-
ference in IMT between the group of survivors and
controls. Many authors offered IMT as a possible
surrogate marker for stroke!*', however there are

TABLE 2. T-test for IMT and stiffness parameters

Group N Mean Std. dev. P valve

0 52 0.546 0.056

IMT 0.92
1 43 0.548 0.132
0 52 6.732 1.437

Beta stiffness 0.008
1 43 8.014 3.035
0 52 88.149 20.348

Ep 0.008
1 43 109.767 53.331
0 52 0.774 0.264

AC 0.034
1 43 0.651 0.293
0 52 6.722 6.820

Al 0.000
1 43 20.130 12.833
0 52 5.733 0.702

PWV 0.009
1 43 6.300 1.334

In the second column controls are coded with 0 and cases with 1.

AC = arterial compliance; Al = augmentation index; Ep = pressure-strain elastic modulus; IMT =

infima-media thickness; PWV = pulse-wave velocity

Radiol Oncol 2018; 52(2): 136-142.
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TABLE 3. Univariate model for carotid pulse-wave velocity (PWV) and wall calcinations and/or plaque

PWV Wall calcinations and/or plaque
Linear regression estimate (SE) p value Odds ratio (95%Cl) p value
Gender 0.055 (0.448) 0.03 1.121 (0.303-4.145) 0.864
Smoking 0.741 (0.424) 0.088 2.679 (0.681-10.534) 0.158
Arterial hypertension -0.037 (0.472) 0.938 0.570 (0.143-2.268) 0.425
Age at Dg (years) 0.019 (0.052) 0.718 1.094 (0.936-1.278) 0.258
Age at evaluation (years) -0.047 (0.032) 0.151 1.078 (0.975-1.192) 0.143
Total cholesterol 0.021 (0.205) 0.920 0.702 (0.381-1.294) 0.257
Body mass index 0.021 (0.118) 0.862 0.926 (0.655-1.309) 0.664
Chemo (yes/no) 0.365 (0.484) 0.455 0.455 (0.100-2.072) 0.309
RT (2 groups*) -0.551 (0.431) 0.208 1.680 (0.452-6.249) 0.439

*Size of radiotherapy dose (higher than 30 Gy or lower/equal to 30 Gy)

some contradictions. Indeed, in a cohort of LTSCC
Krawczuk ef al. failed to find any differences in IMT
between irradiated and nonirradiated females.? In
another article authors did not observe significant
differences in IMT between cancer survivors treated
with chemotherapy only versus those treated with
chemotherapy and radiotherapy.”* Beside that in
articles with significant differences in IMT between
irradiated and nonirradiated patients those differ-
ences were very small and still in a normal range.
In the present population based study, 56% of
long-term survivors of HD after neck RT had mor-
phological carotid wall changes as calcinations
and/or plaques and none of controls. Many authors
reported on higher incidence of atherosclerotic
changes in patients treated with neck RT for head
and neck cancers or HD in adulthood”!2*%, and
in LTSCC who were treated with RT as well.!>1517

TABLE 4. Multivariate model for caroftid pulse-wave velocity (PWV)

Estimate (SE) p value
Sex -0.538 (0.471) 0.261
Smoking 0.937 (0.436) 0.031
Age at evaluation (years) -0.050 (0.034) 0.155
RT (2 groups*) -0.622 (0.439) 0.165
*Size of RT dose (higher than 30 Gy or lower/equal to 30 Gy)
TABLE 5. Multivariate model for wall calcinations and/or plaque
Odds ratio (95%Cl) p value
Smoking 2.765 (0.680-1.238) 0.155
Age at evaluation (years) 1.081 (0.974-1.201) 0.144
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But to our knowledge this study is the first popu-
lation based study of long-term survivors of HD
after neck RT.

The high percentage of morphological carotid
wall changes in patients of our cohort after neck RT
show that atherosclerotic changes are accelerated
by neck RT. All patients with morphological ca-
rotid wall changes were asymptomatic regarding
stroke or TIA. But one female patient was excluded
from the study because she experienced hemo-
dynamically significant carotid artery stenosis,
managed with carotid angioplasty with stenting.
Stenting was done 33 years after the patient was
treated for Hodgkin disease with neck RT with 30
Gy and MOPP chemotherapy. Carotid artery dis-
ease is a progressive vascular disease, so we can ex-
pect that patients with morphological carotid wall
changes can be at a higher risk for carotid disease.

Inside the group of survivors we studied the re-
lationship between the size of RT dose and PWV
and found out that there was no significant asso-
ciation between the two in the univariate analy-
sis. Also there was no significant relation between
them in our multivariate analysis. To our knowl-
edge, no study on LTSCC exists studying the in-
fluence of the size of RT dose on stiffness. Meeske
et al. failed to observe the relationship between ra-
diation doses and intima-media thickness in young
patients who received lower (18 Gy) and higher
(>30 Gy) doses of RT.”® In addition, we found no
correlation between the size of RT dose and plaque
deposits and/or arterial wall calcinations in a uni-
variate analysis. It seems that even a low dose of
RT induces premature vascular changes. This is in
concordance with the report of Vatanen ef al. who
described premature vascular aging (decreased ar-
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terial lumen, arterial plaques and increased IMT)
in adolescents and young adult survivors of neuro-
blastoma even after TBI of 10-12 Gy."”

We analysed the influence of treatment with
ChT inside the group of patients as well and there
was no significant association between treat-
ment with ChT and PWV or plaque deposits and/
or arterial wall calcinations. We were not able to
sub-analyse the influence of ChT containing an-
thracyclines, because only 2 of our patients got it.
Our observation is in agreement with the report of
Krystal et al. who did not find anthracycline dose
or chemotherapy exposure to be a risk factor for
elevated PWV among LTSCC."® Brouwer et al. in
LTSCC even found a negative association between
carotid IMT and treatment with anthracyclines,
both as categorical variables [yes/no] and per
100mg/m?2 cumulative dose.?? Further, Bowers et al.
observed no association between ChT and the risk
of stroke in patients treated for HD in childhood.®
To our knowledge, only one study dealing with
LTSCC suggested that anthracyclines causes im-
paired endothelial function, which is early event in
atherogenesis.” In adult patients with breast can-
cer, Kalabova et al. found an association between
anthracycline based ChT and increase laboratory
risk factors as well as progression of atheroscle-
rosis. They proposed that antracyclines induces
oxidative stress that can lead to higher incidence of
cardiovascular events.?”

Inside the group of survivors we studied the as-
sociation between traditional cerebrovascular risk
factors and PWV. In a multivariate analysis, we
found a significant association between smoking
and PWV; it was pointed out that smoking habit
might have an additional negative influence on
vascular aging in the group of patients after neck
RT. Interestingly, this finding is in accordance with
report of Bowers et al. who found out that ciga-
rette smoking may be related to an increased risk
of stroke among survivors of HD in childhood.
Namely, in this study smoking was undoubtedly
recognized as a powerful and independent risk fac-
tor for stroke.®

We are aware of the limitations of our study.
It included only 23 cases and 26 healthy controls,
therefore further studies with a bigger sample are
needed. The groups matched in the most common
risk factors, except in family history of cardiovas-
cular diseases. Further, we could not analyse the
influence of follow-up time in the group of sur-
vivors, since all of them were treated in a 12-year
period.

Patients with carotid disease are asymptomatic
in early stages of the disease, and stroke is often the
first sign. It would be reasonable to screen patients
after neck RT with ultrasound for these radiation-
related late effects. To our knowledge, among
available long-term follow-up guidelines only cur-
rent COG guidelines recommend that LTSCC who
had neck RT with 40 Gy should undergo yearly
neurologic examination and assessment for di-
minished pulses and the presence of carotid bruits
and Doppler of carotid vessels if clinically indi-
cated  (http://www.survivorshipguidelines.org).
It is obvious that recommendations for screening
of carotid stenosis in those patients have to be ad-
justed. One of the possible screening tools in the
future could be PWYV, but further research in this
field is needed. What is more, even a very low dose
of RT can cause atherosclerotic changes, therefore
we should change cut-off dose of 40 Gy to a lower
one. However, it is beyond dispute that atherogen-
esis in LTSCC with controlling cardiovascular risk
factors can be slowed down. This is very important
because it was reported that LTSCC are predis-
posed to obesity, hypertension, dyslipidaemia and
glucose intolerance!®?, therefore carefully moni-
toring and correction of the common vascular risk
factors such as diabetes, smoking, obesity, hyper-
lipidaemia, hypertension is mandatory. Promotion
of healthy life style in long-term follow-up clinics
is of vital importance as well.
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