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EDITORIAL

Considerations in screening for asymptomatic carotid artery
stenosis in irradiated head and neck cancer survivors

We applaud Carpenter et al. for conducting their study entitled,
“Long-term risk of carotid stenosis and cerebrovascular disease after
radiation therapy for head and neck cancer,”* which identified a
clinically significant risk of asymptomatic carotid artery stenosis
(aCAS) in patients who received head and neck radiotherapy. In this
editorial, we discuss the study and examine its implications for ca-

rotid artery screening in this subpopulation.

STUDY REVIEW AND DISCUSSION

Carpenter et al. evaluated the incidence and predictors of aCAS in
irradiated head and neck cancer (HNC) survivors using a single-
institution, retrospective cohort study design.! The cohort con-
sisted of 628 nonmetastatic HNC survivors treated with definitive or
adjuvant radiotherapy between November 2000 and October 2020.
Per institutional routine, empiric carotid artery Doppler ultrasound
(DUS) screening was performed within 2 years of radiotherapy
completion, followed by serial DUS every 3 years. The primary
exposure was the absolute volume of carotid artery irradiated to a
variety of different dose levels. The primary outcome was the cu-
mulative incidence of aCAS.

The study findings were clinically meaningful. The 5- and 10-year
cumulative incidences of aCAS were 17.0% and 29.6%, respectively.
Among the 108 patients diagnosed with aCAS, 46% were already on
“best medical therapy,” 48% were started on medical therapy, be-
tween 15% and 22% underwent carotid endarterectomy and/or ca-
rotid artery stenting, and 25% progressed to symptomatic CAS.
However, the specific nature of the medical interventions is
uncertain.

Across all minimum radiation doses except >50 Gy, each addi-
tional cm® of irradiated carotid artery at each dose threshold was
associated with a significantly increased adjusted risk of aCAS: “For a
given carotid artery of 9-10 mL mean volume, each additional mL of
carotid artery receiving >10 Gy appears to increase the risk of aCAS
by 9%.” Sensitivity analyses also yielded critical findings. Two key
subsets of patients exhibited similarly high risk of aCAS as the entire
cohort: patients without Framingham risk factors and patients
without aCAS at the first DUS.

There are some notable limitations to the validity of the study.
The median follow-up time was only 4.8 years. The study exhibited
a few forms of selection bias, some of which were acknowledged
or addressed by the authors in their sensitivity analyses and

discussion. The authors appear to suggest that among the 45 pa-
tients who experienced cerebrovascular events, all were attribut-
able to CAS, which is improbable.>® Finally, although it would be
useful to discover a novel dose-volume threshold above which
aCAS is more likely to develop, multicollinearity between the
dose-volume metrics limits this analysis. For example, the authors
conclude that “doses as low as 10 Gy appear to confer the ma-
jority of RT-related CAS risk” and that “there may be no safe
carotid artery minimum RT dose.” However, the volume of the
median carotid artery irradiated did not meaningfully differ across
lower radiation doses, whereas it diminished significantly at higher
doses (>10 Gy: 6.84 mL, >40 Gy: 6.42 mL; >70 Gy: 0.23 mL,
respectively). This is expected: elective nodal irradiation typically
bathes the entire neck in 50 to 60 Gy. Therefore, the carotid V10
per mL finding may have been significant because the same 93% of
the median carotid artery volume radiated with >10 Gy was also
irradiated with >40 Gy.

Notwithstanding these limitations, this study exhibits unique
strengths. The authors assembled the largest known observational
cohort of HNC survivors screened for aCAS over a 20-year period
and conducted important sensitivity analyses. We agree with their
conclusion that irradiated HNC survivors may warrant designation
as a group at high risk for aCAS, for whom screening is permitted
by select societal guidelines. We explore these guideline positions
here.

Guideline positions on aCAS screening

There is no consensus that subpopulations at high risk for aCAS
should be screened. All national and societal organizations recom-
mend against routine screening for aCAS in the general population
because of the low prevalence of disease. Recommendations about
screening for aCAS in high-risk subpopulations are variable. The
United States Preventive Services Task Force “found no benefit in

"* The American Heart Associa-

screening [higher-risk] populations.
tion and the American Stroke Association declined to comment on
selective screening in one guideline,®> and weakly supported it in
others (e.g., screening “might be considered” and “some consideration
must be given to [screening]”). They and other organizations have

415 such as

applied heterogenous screening eligibility criteria
atherosclerotic disease at other sites, markers of atherosclerotic

disease, risk factors for atherosclerosis, other vascular risk factors
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(e.g., ibromuscular dysplasia), and history of vasotoxic chemotherapy
or head and neck radiation (Table 1). The most commonly cited
rationale for selective aCAS screening is based on older modeling

8,10

data and cost-effectiveness analyses, which have suggested that

the benefits of aCAS screening outweigh the harms when the prev-
alence of aCAS in a subpopulation is >20%.16-1?

Screening recommendations for aCAS in irradiated HNC survi-
vors are also either omitted or similarly variable. Many recommen-
dations do not address head and neck radiation as a risk factor
(Table 1).>7~7 In their 2022 guideline, the Society for Vascular Sur-
gery did not recommend screening this subpopulation “in the
absence of other defined risk factors.”*® The authors state “the
greatest incidence of carotid stenosis was noted ~15 years after
radiation exposure, with ipsilateral rates of stenosis as high as
21.3%” and cite two studies published in 1999 and 2004. They also

note “the optimal timing and frequency of [DUS-based] screening are

undefined.” Conversely, we are aware of nine organizations that at
least weakly support screening irradiated HNC survivors
(Table 1).1*°'> The European Society of Cardiology recommends
DUS 5 years after head and neck radiation and every 5 to 10 years
thereafter.® The International Cardio-Oncology Society offered the
most specific rationale, citing the increased prevalence of CAS in the
subpopulation and the opportunity to optimize cardiovascular risk
factors in patients, including those without known cardiovascular

disease.?

Re-considering screening for aCAS in irradiated HNC
survivors

An updated evaluation of aCAS screening in irradiated HNC survi-

vors is indicated because of the recent proliferation of relevant

TABLE 1 Definitions of groups at high risk for asymptomatic carotid artery stenosis who may qualify for screening according to select
societal guidelines, consensus statements, and practice parameters.

Definitions of groups at high-risk for asymptomatic carotid artery stenosis who may qualify for screening
according to select guidelines, consensus statements, and practice parameters

Multisocietal Vascular surgery, cardio-oncology Other

Disease or risk
factor category
(with examples)

SCAI, SCI  ECS, EHA,

14-5* AHA,ASAP ASN, SVIN SLACI ESTRO, ICOS SVS ESVS ICOS AHNS AIUM USPSTF

Atherosclerotic
diseases

or markers

of atherosclerosis®

Risk factors for
atherosclerosis®

Other vascular risk
factors®

History of head and
neck radiation

History of vasotoxic
chemotherapy

Note: Gray-shaded cells indicate the presence of one, or more than one, risk factors or diseases is needed to qualify as a high-risk group.
Abbreviations: ASN, American Society for Neuroimaging; CAD, coronary artery disease; CS, consensus statement; CSI, Cardiological Society of India;
EHA, European Hematology Association; ESC, European Society of Cardiology; ESTRO, European Society for Therapeutic Radiology and Oncology;
ESVS, European Society for Vascular Surgery; ICOS, International Cardio-Oncology Society; PAD, peripheral arterial disease; PP, practice parameter;
SLACI, Sociedad Latino Americana de Cardiologia Intervencionista; SVIN, Society of Vascular and Interventional Neurology; USPSTF, United States
Preventive Services Task Force.

214-S is the 14-society guideline co-authored by the American Stroke Association, American College of Cardiology Foundation, American Heart
Association, American Association of Neuroscience Nurses, American Association of Neurological Surgeons, American College of Radiology, American
Society of Neuroradiology, Congress of Neurological Surgeons, Society of Atherosclerosis Imaging and Prevention, Society for Cardiovascular
Angiography and Interventions, Society of Interventional Radiology, Society of Neurolnterventional Surgery, Society for Vascular Medicine, and the
Society for Vascular Surgery.

®The American Heart Association (AHA) and American Stroke Association (ASA) declined to comment on screening groups at high risk for aCAS in their
2014 guideline but weakly supported the practice in the 14-society guideline. In their 2024 guideline, the AHA and ASA report that "some consideration
must be given to [screening] high-risk asymptomatic populations such as those with atherosclerotic risk factors." They also list other risk factors for
aCAS, including hypertension, current tobacco use, coronary artery disease, or first-degree family member with a history of stroke.

“For example, PAD, CAD, occult cerebral infarction on imaging.

dFor example, hypertension, hyperlipidemia, tobacco smoking.

¢For example, Takayasu arteritis.
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studies.2%?1 Next, we discuss select arguments for and against aCAS
screening in this subpopulation.

Arguments against aCAS screening in irradiated HNC
survivors

The case against screening for aCAS in irradiated HNC survivors is
strong because the harms of screening may outweigh the benefits.
These arguments hinge on the lack of knowledge about radiation-
associated CAS, the uncertain benefit of screening, and the known
harms of screening and treatment.

Our lack of knowledge about the epidemiology and biology of
aCAS in irradiated HNC survivors constrains projections about the
benefits or harms of screening. Relative to primary atherosclerotic
CAS, radiation-associated CAS exhibits unique pathophysiology,
patterns of vessel injury, stenosis locations (at and beyond the vessel
bulb), stenotic segment lengths, and patterns of plagque echolucency
on DUS.22"25 These features may impact treatment decisions and
treatment efficacy, yet have not been comprehensively character-
ized. Further, in this subpopulation, the proportion of strokes
attributable to carotid artery disease, the proportion of patients with
aCAS who progress to symptomatic CAS, the validity of DUS for
screening, and the efficacy of aCAS treatment are poorly understood.
The appropriate time to initiate screening is also unknown. One
meta-analysis reports a 3-year cumulative incidence of 21% with a
broad 95% confidence interval (9-36%), curbing certitude in this
point estimate.?°

The benefit of screening is unclear. First, there is no direct evi-
dence that screening reduces morbidity or mortality. A randomized
controlled trial comparing aCAS screening versus no screening in
irradiated HNC survivors or any other population has not been
performed.

Second, CAS might not account for many strokes in irradiated
HNC survivors, limiting the potential benefit of screening. The cur-
rent annual incidence of ipsilateral ischemic stroke in patients with
aCAS is only 0.9%,%¢ although this low rate does reflect improve-
ments in aCAS treatment. Working backward, if 8% of irradiated
HNC survivors experience an ischemic stroke after treatment?’ and
if we presume that 7% to 18% are attributable to carotid disease, as
is true in the general stroke population,? then perhaps only 0.6% to
1.4% of irradiated HNC survivors experience carotid-related
ischemic strokes.

Third, the primary screening test for aCAS might not adequately
detect disease in this subpopulation. In general adults, DUS validity is
presumed to be compromised at the superior cervical carotid (at and
below the skull base).?® This area is radiated in patients with
oropharyngeal and nasopharyngeal cancers and is therefore at higher
risk for stenosis. Consequently, DUS validity might be lower in these
groups.

Screening will also confer some harm through unnecessary
testing and treatment. Many screened patients will receive false-

positive results. Although the precise validity of DUS is uncertain

2930 \we apply the United

and varies according to stenosis severity,
States Preventive Services Task Force estimate for >60% CAS
(sensitivity: 94%; specificity: 92%).* Assuming an aCAS prevalence
rate of 20%, the positive predictive value of DUS is only 75%.
Therefore, 25% of positively screened patients will receive false
positive tests and thus undergo unnecessary additional testing and
potentially, unnecessary noninvasive or invasive treatment.

Finally, screening will also confer harm through aCAS treatment.
Carotid endarterectomy (CEA) and carotid artery stenting are pro-
cedures which improve carotid artery blood flow but result in an ~3%
risk of perioperative stroke or death.>®%1° Also, the safety and ef-
ficacy of CEA and carotid artery stenting in irradiated HNC survivors

is poorly understood.3*

Arguments for screening

The case for aCAS screening in irradiated HNC survivors is also
strong because the benefits of screening may outweigh the harms.
Proponents may argue that a sufficiently high-risk group can be
identified, evidence-based screening tests and treatments are avail-
able, the potential benefits of screening are far-reaching, and the
harms may be limited.

The cumulative incidence of aCAS in irradiated HNC survivors
likely eclipses the theoretical 20% high-risk designation threshold
for aCAS screening. In addition to the present study’s findings,
recent meta-analyses of irradiated HNC survivors report aCAS
prevalence rates of 25% to 26%.2°2! Regardless of their radiation
history, many HNC survivors may be eligible for aCAS screening
because of their high prevalence rates of vascular disease or
vascular risk factors.>32

Evidence-based screening tests and treatments for aCAS are
widely available. There are three screening tests for aCAS: DUS, the
first-line screening test for CAS, computed tomography angiography,
and magnetic resonance angiography.>® Three evidence-based
treatment paradigms improve net outcomes for general patients
with clinically diagnosed aCAS. Best medical therapy (BMT) is the
first-line standard of care. BMT involves a combination of lifestyle
modifications (smoking cessation, healthy diet, physical activity, and
strict glycemic control in diabetics) and pharmacologic therapy
(antiplatelets, antihypertensives, and high-intensity statins).?10:34
Given their perioperative risks, CEA and carotid artery stenting are
reserved for patients with severe aCAS and >3% risk of an adverse
event on BMT.>3>3¢ The safety and efficacy of BMT, CEA, and ca-
rotid artery stenting have improved over time, requiring new trials to
evaluate their comparative effectiveness in patients with severe
aCAS (>70%).%”

Early detection and treatment of aCAS will confer benefit,
directly and indirectly. There is some evidence that BMT directly
reduces the risk of CAS progression and stroke in general
adults>3*%83% and is noninferior to CEA and carotid artery stenting,
even among patients with >70% aCAS.2? As noted previously, CEA

and carotid artery stenting benefit select patients with severe aCAS.
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Older modeling studies afford insight into the potential limited
benefit of screening high-risk subpopulations for aCAS. For example,
Whitty et al. modeled screening and CEA-based treatment in a
subpopulation with a 20% prevalence rate of aCAS (>60%) using old
trial data.*®*! They estimated 6 to 11 net strokes were prevented
over 5 years per 1000 people screened.*® By applying updated trial
data®’ and replacing CEA with BMT in this model, we might presume
that more than 6 to 11 net strokes are prevented over 5 years per
1000 people screened.

Early detection may also indirectly confer benefit by facilitating
optimization of other cardiovascular risk factors or diseases. Car-
diovascular disease is one of the top three leading causes of death in
HNC survivors,*? and in a cohort of 38,857 US veterans with HNC,
“47% had at least one uncontrolled vascular risk factor.”*2 Among
patients with newly diagnosed CAS and other cardiovascular disor-
ders, initiation or reinforcement of BMT will broadly reduce cardio-
vascular risk, not just cerebrovascular risk.*® For example, carotid
artery disease is independently associated with coronary artery dis-
ease** and increased risk of myocardial infarction in patients without
a history of cardiovascular disease,* although it is unclear whether
this finding is also true in irradiated HNC survivors. Therefore, early
detection of aCAS and initiation of BMT in irradiated HNC survivors
might also reduce the risk of adverse cardiac events in these patients.

Finally, the harms of treatment with BMT are low. More common
or severe potential harms include gastric toxicity or hemorrhage
from antiplatelet therapy®® and muscle injury or hepatic dysfunction

from statins.*”

CONCLUSIONS

There is insufficient evidence to justify routinely screening irradiated
HNC survivors for aCAS: the benefits of screening may outweigh the
harms, or vice versa. Amid this uncertainty, national organizations
and societies have variably staked out unique positions on screening
for aCAS in high-risk populations, including irradiated HNC survivors.
Detractors cite the first set of arguments, whereas proponents might
cite the latter set, as well as evidence for screening other irradiated
cardiovascular structures (e.g., the heart). Given these heterogeneous
national and societal positions, clinicians have “cover” to either
screen or decline to screen irradiated HNC survivors for aCAS.
Shared decision-making with patients is strongly encouraged when
addressing this issue.

This profound uncertainty and potential for benefit provides a
strong basis for the development of a national screening trial, though
more evidence is needed to optimize the study design. Basic questions
about the epidemiology of aCAS and the potential benefits and harms
of screening need to be answered. We encourage screening programs
to account for data about CAS risk obtained through routine cancer
surveillance imaging. Given the potential sweeping cardiovascular and
oncologic benefits of BMT (e.g., smoking cessation) for HNC survivors
with CAS, we also encourage inclusion of broad cardiovascular out-

comes and survival as secondary trial endpoints.

In conclusion, we thoroughly congratulate the authors for con-
touring more than 1200 carotid arteries and substructures and
making this significant contribution to the literature. These data, in
combination with other studies, are persuasive that irradiated HNC
survivors are at high-risk for aCAS. In addition to “unlocking” a
discussion about the secondary prevention of aCAS, these data also
facilitate exploration of oncologic treatment and survivorship care
approaches that identify, mitigate, and manage cardiovascular risk
in irradiated HNC survivors.

KEYWORDS
carotid artery stenosis, head and neck cancer, prevention, radiation,
screening, survivors, survivorship care
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