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ABSTRACT 
Background: Radiation therapy is an int eg ral c omponent of treatment that can predispose to carotid 
art ery st enosis (C AS) and increase the r isk of cer ebr ovascular ev ents for head and neck cancer 
survivors. The utility of screening for CAS with carotid ultrasound in asymptomatic head and neck 
cancer survivors is unclear. 
M etho ds: In this pr ospectiv e, cr oss-sectional pilot study, 60 pa tien ts who have no evidence of cancer 
at least 2 y ears fr om completion of RT will undergo screening carotid ultrasound to identify patients 
with high risk of cardiovascular events. 
Results: Out c omes will include clinically significant CAS, carotid intima-media thickness, 
ac c eptabilit y/feasibilit y of screening, bar r iers to care and preliminary data on changes to medical 
management because of scr eening. Corr elativ e multi-omics analyses will examine biomarkers of 
CAS after radiation therapy. 
Conclusion: The results of this study will provide valuable data on the prevalence of CAS and 
preliminary pa tien t-cen tered da ta tha t will inform the desig n of a future large-scale, multi-sit e clinical 
trial. 
Clinical Trial Registration: NCT05490875 ( ClinicalTrials.gov ) 

PL AIN L ANGUAGE SUMMARY 
Pa tien ts with head and neck cancer are often treated with radiation therapy. Radiation therapy can 
cause damage to the blood vessels in the neck. This damage can manifest as narrowing of the blood 
vessels like the carotid artery, which can lead to stroke . C urrently, it is not clear if screening head 
and neck cancer survivors with ultrasound scans of the carotid arteries is feasible or ac c eptable t o 
pa tien ts. This has also not been formally assessed using a pr ospectiv e clinical trial . In this study, 
pa tien ts with a history of head and neck cancer who have no evidence of their cancer for at least 
2 years since completion of their radiation therapy will be enr olled . They will undergo blood testing 
and a r esear ch ultrasound of the carotid art eries t o check for narrowing and other findings that may 
signal a high risk of stroke or another cardiovascular even t. Participan ts will c omplet e survey s on 
their experience with the process and how likely they are to accept further screening or additional 
trea tmen t if something is found. They will also c omplet e survey s on their perception of their personal 
risk of stroke and barriers to care that would prevent them from getting screening ultrasounds. 
Pa tien ts will be followed for up to 6 months after the ultrasound to check for any changes in their 
medical care that occurred because of the screening ultrasound. 
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. I ntro duction 

.1. Background & rationale 

ead and neck (HN) cancer is a disease of several
ites within the HN region, including the nasopharynx,
ropharynx, oral cavity, larynx, hypopharynx, sinuses
nd skin. Over 66,000 pa tien ts are diagnosed in the
nit ed Stat es with HN canc er each year [ 1 ]. Radiation

herapy (RT) is a common method of trea tmen t for HN
ancers, either as the primary definitive trea tmen t (with
r without concurrent chemotherapy) or as adjuvant

rea tmen t following a cura tive-in ten t surgery. Due to the
ich lymphatic drainage of the HN region, a substantial
isk of regional lymph node involvemen t a t diagnosis or
ubsequent r ecurr ence (if untr eated) warrants treatment
o neck in most pa tien ts trea ted with HN RT [ 2 , 3 ]. Based
n their anatomic and surgical definitions, neck lymph
ode regions include the carotid arteries, which are thus

ncluded in the RT target volume [ 4 ]. As a result, the
arotid arteries are often exposed to a high dose of
herapeutic ionizing radiation and are at risk for late-
eveloping injury. 

RT-induc ed carotid art ery st enosis (CAS) is a sig nificant
ssue that may lead to CVA or transient ischemic attack
TIA). This is particularly a pr oblem giv en incr eases in
ure rates over the decades as well as the substantial

ncrease in human papillomavirus-associated oropha-
yngeal cancer, which car r ies an excellent long-term
nc olog ic prog nosis [ 5–7 ]. Despit e this issue, strat eg ies
 o mitigat e the pot en tially ca tastrophic risks associa ted
ith RT-induced CAS are not well studied. The primary
echanism of carotid artery damage secondary to

rradiation has not yet been precisely determined. RT-
nduc ed CAS is charact eriz ed b y endothelial cell damage
nd subsequent malfunction that manifests as lipid and
brin deposition, platelet aggregation, thickening of the
ndothelium and fibrosis of the vessel wall [ 8 , 9 ]. Damage
o the small blood vessels that provide blood supply
o the vessel wall itself (v asa v asorum) is though t to
 ontribut e t o v essel wall necr osis and fibr osis [ 10 ]. IM T,
n ultrasound-based measurement of the thickness of the
wo inner layers of the arterial wall, has been ev alua ted
n multiple studies to quantify the extent of carotid
amage/ather oscler otic bur den. In pa tien ts trea ted with
eck RT, the IMT is significantly greater than in normal
ontrols [ 11 , 12 ]. Additionally, smoking and alcohol use
re some of the most common risk factors for HN cancer
hat also act as independent risk factors of ather oscler otic
isease/CAS in pa tien ts already a t risk for RT-induced
c c elera tion of a ther oscler otic disease, likely sec ondary t o
he mechanisms described above [ 13 , 14 ]. 

A meta-analysis of CAS after RT identified clinically
ignificant ( > 50%) CAS in 25% of patients [ 15 ]. This
incr eased ov er time fr om 4% at 1 y ear to 12% at 2 years
and 21% at 3 years, c onsist ent with an expected time
c ourse of lat e-reacting RT-induc ed tissue damage. An
observ a tional study ev alua ted the carotid arteries of 4–
20-year nasopharyngeal cancer surviv ors tr eated with RT
as well as those with newly diagnosed disease that had
not yet undergone RT [ 16 ]. The prevalence of significant
internal or common CAS was 30% (78% for any stenosis) in
post-RT pa tien ts compared with 0% (22%) for un trea ted
pa tien ts. More consequen tial is the risk of stroke or
TIA in this cohort, which approaches 5% [ 15 , 17 , 18 ]. A
SEER analy sis of HN canc er pa tien ts over the age of 65
treated with either definitive RT, surgery plus adjuv an t
RT, or surgery alone found a very high 10-year rate
of cer ebr ovascular ev ents (defined as str oke, car otid
rev asculariza tion or stroke death) of 34%, compared
with 25% after surgery and RT or 26% after surgery
alone [ 19 ]. Pr edictiv e measur es for this population do
not exist to inform scr eening standar ds. Car otid IM T is a
w ell-established measur e of ather oscler otic disease that
pr edicts adv erse ev ents such as car diovascular ev ents
and coronary heart disease [ 20 , 21 ]. This measure may
allow us to predict cer ebr ovascular ev ents prior to the
development of clinically relev an t CAS and w arran ts
pr ospectiv e study. 

Significant CAS can be defined as ≥50% narrowing of
the vessel lumen and the risk of ipsilateral stroke increases
with the degree of narrowing [ 22 ]. Multiple large clinical
trials hav e inv estigat ed the c ompar ative benefit of differ -
en t in terven tions for asymptoma tic CAS, but none have
included a placebo or no-trea tmen t group [ 23 , 24 ]. Thus, it
is well-ac c ept ed tha t pa tien ts with asymptoma tic carotid
stenosis should undergo some form of therapy [ 25 ]. This
applies to both the general population and pa tien ts
with HN cancer. Trea tmen t options for asymptoma tic CAS
include the follo wing: lipid-lo wering medica tions/sta tin
ther apy, antithrombotic ther apies such as aspirin or
other medications, active management of other risk fac-
t ors (e.g., hypert ension, hyperglyc emia), smoking c essa-
tion, dietary modification, physical activity/exercise and
w eight r eduction [ 26 ]. These interv entions ar e generally
ac c ept ed within the medical community as the standard
of care for pa tien ts with CAS det ect ed by clinical exam or
scr eening ultrasound . Additionally, once identified , r ou-
tine ultrasound imaging of the carotid arteries to monitor
for stability/pr ogr ession is usually r ecommended [ 27 ]. 

To pr ev en t poten tially ca tastr ophic cer ebr ovascular
events like CVA or TIA from occur r ing secondary to RT-
induced CAS lesions, a screening program to identify and
intervene upon high-risk arteries is w arran ted . Car otid
ultrasound (CUS) is an available and simple technique
that uses non-ionizing ultrasound imag ing t o ev alua te
for CAS [ 28 ]. Surveillance strategies are not mentioned
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n the American Cancer Society Head and Neck Cancer
urvivorship Guideline (despite it specifically listing CAS
nd carotid obstruction as potential late effects), nor are
hey mentioned in the National Compr ehensiv e Cancer
etwork Clinical Practice Guidelines for Head and Neck
 ancer [ 29 , 30 ]. T he Society for Vascular Surgery suggests

hat the risk of CAS in HN RT pa tien ts is likely sufficiently
igh to w arran t screening, though limited data on preva-

ence and optimal in terven tion (sten ting fav or ed ov er
ar otid endarter ectomy [CEA]) pr eclude the formulation
f more specific screening guidelines [ 31 ]. This is pr imar ily
ue to a lack of concrete evidence demonstrating that
creening CUS in HN cancer surviv ors tr eated with RT
hanges management in a way that would meaningfully

mpr ov e cer ebr ovascular out c omes and decrease the
isk of CVA/TIA. Others c onc erns r egar ding the limited
herapeutic options for screen-det ect ed CAS call into
uestion the benefit of screening in this population.
ow ev er, optimal medical management and attention

o other modifiable risk reduction is the standard of
are f or an y pa tien t with asymptoma tic significan t CAS,
 egar dless of etiology or clinical background [ 32 ]. In a
 etr ospectiv e analysis of over 600 pa tien ts trea ted with
urative RT for HN cancer, 54% of patients with screen-
et ect ed CAS rec eived medical in terven tion [ 18 ]. Another
 onc ern is that interventional pr ocedur es carry inher ently
 reat er risks to the patient with an irradiated neck,
ossibly minimizing the effectiveness of screening for
symptomatic disease. How ev er, 20% of pa tien ts with
creen-det ect ed CAS undergo a procedural in terven tion
CEA or stent) [ 18 ]. A meta-analysis of 27 studies com-
rising 533 pa tien ts who had r eceiv ed prior cervical

rradiation found no significant difference in adverse
v ents betw een CEA and car otid stenting with ov erall
av orable cer ebr ovascular outcomes [ 33 ]. Similar rates of
ny cer ebr ovascular adv erse ev ent betw een CEA (3.5%)
nd carotid stenting (3.9%) were observed with a lower
ate of cer ebr ovascular ev ents in the CEA group (2.8
vents per 100 person-years) versus carotid stenting (4.9
vents per 100 person-years, p = 0.014). 

For pa tien ts with post-RT CAS, in terven tion (medical
anagement, surgical or intravascular revascularization

r ocedur es, or subsequent surveillance) is w arran ted and
fficacious in reducing the risk of CVA/TIA. Data on the
ut c omes of implemen ta tion of a formal screening CUS
rogram for HN cancer surviv ors tr eated with RT are

imited . Further r esear ch is sor ely needed to define the
easibility and ac c eptability of routine post-RT CUS in
his pa tien t popula tion and t o det ermine the optimal
iming of initiation and frequency of CUS screening. These
reliminary data will allow us to continue studying this

mportant survivorship issue in this pa tien t popula tion
that, despite carrying a higher prevalence of CAS, is
under-scr eened compar ed with the general population. 

1.2. Objectives 

The primary objective is to determine the proportion of
pa tien ts with clinically significant CAS ( ≥50% stenosis,
defined by peak sy st olic flow velocity of 150 cm/s or
higher on Doppler ultr asonogr aphy) among HN cancer
surviv ors tr eated with HN r adiother apy. Clinically signif-
icant CAS > 50% is a well-established marker of carotid
artery disease that r epr esents an indication to poten-
tially change a pa tien t’s medical care through lifestyle
modifications (e.g., diet , e xercise and smoking cessation),
an tipla telet medica tions, lipid-lo wering therap y, anti-
hypert ensive medications, gluc ose-lowering therapies,
subsequen t follow -up imag ing t ests, or c onsideration of
rev asculariza tion [ 34 , 35 ]. The rationale for this end point
is to identify patients that would experience changes
in their medical care (not limit ed t o rev asculariza tion)
based on the presence of asymptomatic CAS that may
not have been det ect ed without a screening CUS. Medical
in terven tions including lifestyle modification and optimal
medical management are ac c ept ed standards of care
for pa tien ts with cardiov ascular disease such as asymp-
tomatic CAS and are widely recommended by multiple
consensus guideline sta temen ts [ 35–39 ]. 

Secondary objectives are t o det ermine the following:
the IMT of the carotid arteries in HN cancer survivors,
the proportion of pa tien ts with high-risk carotid IMT
(at least 0.9 mm and/or a r elativ e risk of 1.50 or
g reat er based on matched population-based controls),
the proportion of pa tien ts with carotid plaques (at least
2 mm in thickness), the risk of developing CAS based on
clinical and HN canc er-relat ed fact ors, and the feasibility
of CUS screening in this pa tien t popula tion. We also
aim to obtain preliminary data on the acceptability of
CUS screening, potential bar r iers to undergoing CUS
screening, and baseline stroke risk perception among HN
cancer surviv ors tr eated with RT. Exploratory objectives
are (1) to determine the proportion of actionable pa tien ts
with abnormal CUS findings for which a risk -r eduction
in terven tion is recommended, scheduled/prescribed or
initiat ed/c omplet ed within the 6 months after CUS and
(2) to correlate carotid IMT measurements with RT dose
to the carotid artery. 

1.3. Trial design 

This is a single-arm, non-randomized study to ev alua te
the efficacy, feasibility and ac c eptability of screening CUS
t o det ect CAS in HN cancer surviv ors who w er e pr eviously
treated with RT. Patients will be identified through
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Table 1. Inclusion and exclusion criteria. 

Inclusion criteria 

• History of head and neck cancer treated with r adiother apy. Radiother apy target volume(s) must have included at least one region of the neck to a total 
dose of at least 45 Gray (Gy). 
• At least 2 years since completion of r adiother apy with no evidence of disease at the time of last clinical follow-up. 
• Eligible by Screening Questionnaire 
• Ability to understand and the willingness to sign an IRB-appr ov ed informed consent document (either directly or via a legally authorized representative). 

Exclusion criteria 

• Personal history of any of the following: 
◦ Carotid artery stenosis on either side of the neck 
◦ S trok e (CVA) or transien t ischemic attack (TIA) 
◦ Carotid endart erect omy 
◦ Carotid stent placement 

• Prior carotid artery ultrasound examination between completion of RT and reg istr ation. 
• Most recent r adiother apy treatment was for any recurrence of a prior head and neck cancer and/or treatment for a subsequent head and neck cancer after 
diagnosis and treatment of an initial head and neck cancer. 
• Any history of re-irradiation to the head and neck region. Re-irradiation is defined as a subsequent individual course of RT where the target overlaps a 
region of the head/neck that was previously targeted by the initial course of RT. 
• Eastern Cooperative Oncology Group Performance Status of 2 or greater. 
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he electronic medical record and c ontact ed t o assess
heir interest in the study and to perform a screening
uestionnair e. After enr ollment, a baseline canc er hist ory

orm and will undergo a CUS for screening for CAS and for
easurement of carotid IMT. After the CUS examination,

a tien ts will then be asked to complete surveys on the
c c eptability of CUS, pr efer ences for the frequency and
iming of screening CUS, bar r iers to care and pa tien t-
er ceiv ed risks of stroke and CAS. The results of the
US will be made available to the patient and will be
ent to the patient’s primary care provider and oncology
roviders. If the pa tien t does not have a primary care
r ovider, r eferrals will be made, and the results provided
c c ordingly. In a case where significant CAS is detected,
 referral will be placed for a formal clinical CUS imaging
r ocedur e to characterize better the extent of CAS and
irect further management per standard of care. Follow-
p assessments by phone will occur at 3- and 6-months
fter CUS and will assess for changes to the pa tien ts’
ealth or healthcare management (e.g., new physician
isits or referrals , new medications , subsequent imaging
nd medical pr ocedur es) that w er e r ecommended (or,
r escribed , scheduled , start ed or c omplet ed) in the

nterim as a result of the CUS findings. 

. M etho ds 

.1. Study setting 

his is a pr ospectiv e, cr oss-sectional study of pa tien ts
ith HN cancer treated with RT who have no evidence
f disease at least 2 years from the completion of RT
ithout any clinical symptoms or personal history of CAS,
VA or TIA. While study pr ocedur es and assessments will
ccur at a single National Cancer Institute-designated
ompr ehensiv e Cancer Cen ter, pa tien ts are not required

o have been treated with RT at the study sit e. Pot entially
eligible participants will be identified from two sites
in the Southeast United States: an academic referral
c ent er and an affiliated community practice. Pa tien ts
will be pr imar ily identified through clinical visits and
target ed c ommunications t o HN canc er surviv ors tr eated
a t the participa ting sites iden tified thr ough r eview of the
medical r ecor d . IRB-appr ov ed materials such as br ochur es
and fly ers ar e av ailable for dissemina tion to the general
public, as pa tien ts trea ted previously a t other facilities are
eligible. 

2.2. Eligibility criteria 

Eligibility and exclusion cr iter ia for this study are sum-
marized in Table 1 . Pa tien ts must have a history of
HN canc er treat ed with at least 45 Gy to at least one
region of the neck. Pa tien ts must have no evidence of
HN cancer at least 2 years since completion of RT. They
must have no history of CVA or TIA as verified by the
Questionnaire for Verifying Stroke-Free Status (QVSFS)
and must have no known history of CAS. They must be
able to understand and willing to sign an IRB-appr ov ed
informed consen t documen t. Pa tien ts will be excluded
if they have a personal history of CAS, any prior CVA or
TIA, have had a CEA or carotid stent placement, have
undergone a prior CUS between the completion of RT
and study registration, if their most recent RT was for
the trea tmen t of r ecurr ent or sec ond primary HN canc er,
if they have a history of re-irradiation in the HN region,
or if they have an Eastern Cooperative Oncology Group
(ECOG) performance status of 2 or higher. 

2.3. Interventions 

The in terven tion is a bila t eral carotid art ery ultrasound
that will be administered on an outpatient basis at a
single site at the coordinating center. High-resolution
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Consent & Registration

Screening

Research Carotid Ultrasound

• CAS assessment

• IMT measurement
• Surveys: acceptability, barriers to

care, perceived stroke risk

• If clinically significant CAS ≥50%

Blood Sample

• CRP
• Lipid profile

• Peripheral blood mononuclear
cell (PBMC) bioenergetics

• Blood and PBMC multi-omics
• Cytokine profiling

Clinical Carotid Ultrasound

3-month follow-up

6-month follow-up

Figure 1. Protocol timeline. 
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ltrasound scans of the carotid arteries will be acquired
sing a GE Logiq 9 ultrasound sy st em with an L9-
 MHz linear array transducer. Measurement of IMT will
e performed following guidelines from the American
ociety of Echocardiography and in regions not con-
aining plaque [ 40 ]. R-w ave ga ted still frame images
ill be acquired of the distal common carotid artery

CCA), the bulb at the flow divider, and the proximal
nt ernal carotid art ery far w all a t three separa te angles
ila terally (an terior, la teral and posterior). Maximum IMT
t each site will be analyzed offline using semi-aut omat ed
dge detection software. This ultrasound examination
ill take approximately 1 hour t o c omplet e. The pa tien t
ill be given a Carotid IMT Screening Exam Report on

he ultrasound result on the day of the in terven tion.
he results of the ultrasound, as well as a form letter,
ill be sent to the patient’s primary care provider, their
ncology trea tmen t team, and the study PI. If the pa tien t
oes not have a primary care doctor, a referral will be

ecommended and scheduled if accepted. In the event
n abnormality is det ect ed on the study ultrasound, the
ollowing pr ocedur es will occur: (1) r ef erral f or c omplet e
linical US for confirmation of findings, (2) an indication of
he abnormal findings will be present on the form letter
ent to the patient’s primary care doctor, their oncology
rea tmen t team and the PI. 

.4. Outcomes 

he primary out c ome will be the proportion of pa tien ts
ndergoing ultrasound with at least 50% stenosis iden-
tified at any position. This will be defined as having a
peak sy st olic flow velocity of 150 cm/s or higher on
Doppler ultr asonogr aphy. Car otid IM T will be measur ed
at three separate angles (ant erior, lat eral and posterior)
at the level of the distal CCA, carotid bulb at the flow
divider, and the proximal internal carotid artery. The
proportion of pa tien ts with high-risk IMT measurements
will be calculated and defined as at least one IMT
measurement of 0.9 mm or g reat er or a high-risk of
car diovascular ev ents (r elativ e risk of 1.5 or g reat er) based
on average far-wall perc entile sc ores and comparison
with pa tien t da ta fr om 4 to 7 y ears of follow-up in the
ARIC study [ 21 ]. The proportion of pa tien ts with carotid
plaque of maximum thickness of 2 mm or g reat er will be
calcula ted. The associa tion between clinically significan t
CAS and kno wn cardio vascular risk factors (gender, age,
blood pr essur e, smoking history, kno wn cardio vascular
disease, atr ial fibr illation, ventr icular h ypertroph y, antih y-
pertensive use and radiation dose to the carotid arteries
will be ev alua ted . The pr oportion of appr oached pa tien ts
who enroll and receive the study CUS will be determined.
The study will be considered feasible if 60% of responding
subjects enroll and receive carotid US. If less than 40% of
responding subjects enroll and receive the study carotid
US, we will re-ev alua te our methods for subsequent
study. Measures of ac c eptability, bar r iers to care, and
stroke risk perception will be assessed. Ac c eptability of
the CUS in terven tion itself will be measured using the
Ac c eptability of In terven tion Measure [ 41 ]; ac c eptability
of trea tmen t (if clinically significant CAS w er e to be iden-
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ified) and ac c eptability of scr eening fr equency will be
easured using parameters developed for the purposes

f this study ( Supplemental Appendix 1 ). Perception of
troke risk and level of c onc ern r egar ding this risk will also
e assessed using an adapted measure ( Supplemental
ppendix 2 ) [ 42 ]. Bar r iers to care with regard to screening
US will be ev alua ted using a measure adapted from
r evious w ork fr om our gr oup ( Supplemental Appendix
 ) [ 43 , 44 ]. 

Of pa tien ts iden tified t o have clinically sig nificant CAS
n screening CUS, the proportion of pa tien ts who have
ny change in their medical care recommended, sched-
led (pr escribed , if medication) or c omplet ed (taken,

f medication) as a result of the study ultrasound will
e det ermined. Pot en tial even ts tha t will be assessed

nclude clinical diagnostic CUS, follow-up CUS screen-
ng, medical management (prescription or initiation)
f a risk -r educing medication (i.e., anti-hypertensive
edica tion, an ti-hyperlipidemic medica tion, aspirin, an ti-

la telet agen ts and an ticoagula tion), carotid sten t place-
ent, CEA, stroke and/or TIA, or a healthcare visit with

rimary care (new or follow-up), cardiology, vascular
urgery , neurology , neurosurger y or inter ventional radi-
logy. The mean carotid dose (in Gy, continuous) will be
ssessed on each side of the neck for correlation with
ean IMT (mean of the three angles) at the distal CCA,

arotid bulb at the flow divider, and proximal internal
arotid artery. 

Blood will be c ollect ed on or around the time of
US for additional corr elativ e biomarker analyses. A
tandard lipid panel and C-r eactiv e pr otein assay will
e c omplet ed in our institutional clinical laboratory.
ipid values (such as low-density lipoprotein, high-
ensity lipoprotein and tr iglycer ides) and CRP levels
ill be examined and c orrelat ed with high-risk status
efined by r esear ch CUS in pa tien ts who opt to provide
 blood sample. Interactions between CUS findings
nd lipids at time of examination will be examined.
omput ed t omog raphy of the neck (if available within

he electronic medical record), both pre-trea tmen t (a t
iagnosis) and post-trea tmen t (follow -up exams) as well
s the radiation planning CT sim will be analyz ed. T he
isible carotid artery calcifications will be quantified and

n terroga ted for associations between study outcomes
nd other fact ors. Blood inflammat ory cyt okine profiling
nd complementary mass spectrometry-based omics
proteomics, metabolomics and lipidomics) on peripheral
lood mononuclear cells and plasma will be performed

o identify biomarkers of high-risk cardiovascular status
ased on CAS, IMT, plaque presence as defined in the
ut c omes. 
2.5. Pa rticipa nt timeline 

The prot oc ol timeline schema is displayed in Figure 1 .
Pa tien ts will be identified in clinic or by review of the
electr onic medical r ecor d or by physician r eferral for
consideration during clinical visits. Identified patients
will be screened in person or over the telephone. If
screen-eligible, the pa tien t will be reg ist ered. Baseline
factors including age, sex as a biological variable, body
mass index, ECOG performance status, medical history
(including cardiovascular risk factors), and concurrent
medications will be r ecor ded , and the CUS will be
performed. Immediat ely aft er the CUS is performed (or
within 14 days), the pa tien t will complete acceptability,
stroke risk perception, and bar r iers to care surveys. Blood
samples will be c ollect ed on the day of CUS or within
90 day s aft er CUS. Follow -up assessmen ts will occur at 3-
months and 6-months post-CUS. If the RT plan is available,
a carotid artery RT dose form will be c omplet ed aft er the
pa tien t c omplet es the study t o document the dose (in
Gy) to both carotid arteries. For pa tien ts trea ted outside
the study institution, efforts will be made to obtain
the RT plan for the purposes of carotid artery RT dose
calculation. 

3. Statistics 

3.1. Pla nned sa mple size 

The expected sample size is 60 pa tien ts. We an ticipa te
that the rate of clinically significant CAS will be 20–25% in
this pa tien t popula tion. If the ra te is 25%, with a sample
size of 60, the proportion with clinically significant CAS
will be estimat ed t o be within + /- 11.6% based on an
exact 95% binomial c onfidenc e int erval. The maximum
half-width of an exact 95% c onfidenc e int erval is 13.2%,
so even if the rate of clinically significant CAS is as high
as 50%, the proportion can still be estimated within + /-
13.2% with a sample size of 60. While the study is not
formally pow er ed t o det ect a differenc e in the proportion
with clinically significant CAS between subgr oups, ther e
is moderate power to detect some clinically relev an t
differences with a sample size of 60. For example, there
is at least 75% power t o det ect a differenc e between a
subgroup with a 10% rate and one with a 35% rate when
ther e ar e 30 pa tien ts in each g roup using a t est with
alpha = 0.1. The precision estimates for a sample size of
60 w er e calcula ted using PASS 16 and calcula ted for a
two-sided c onfidenc e int erval for one proportion using
exact Clopper-Pearson method (PASS 16 Power Analysis
and Sample Size Software, NCSS, LLC., Kaysville, Utah). 
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.2. Study p erio d 

e expect to accrue approximately 4–5 pa tien ts per
onth for a total of 60 patients over approximately 1–
 years. The length of the study will be approximately
 years. We an ticipa t e ac crual t o span approximat ely
 year, and the study will end after the last study follow-up

or the last pa tien t has been c omplet ed. 

.3. Analysis plan 

he primary end point, the proportion of all pa tien ts
ndergoing ultrasound with 50% stenosis identified at
ny position (i.e., clinically significant CAS), will be esti-
ated and reported along with an exact 95% c onfidenc e

n terv al. 
Mean, median, standard deviation and interquartile

ange will be used to describe IMT as a continuous
ariable. The proportion with at least one carotid IMT
easurement of 0.9 mm or g reat er, the proportion with

arotid plaque of maximum thickness 2 mm or g reat er
nd the proportion with high risk of car diovascular ev ents
r elativ e risk 1.50 or g reat er) based on IM T measur ements

ill be each be estimated and reported along with an
xact 95% c onfidenc e int erval . Chi-squar e or Fisher’s
xact tests will be used to ev alua te associa tions between
inary clinical characteristics and clinically significant
AS. The proportion of pa tien ts with clinically significant
AS may also be estimated and reported along with an
xact 95% c onfidenc e int erval within subg roups defined
y clinical charact eristics. A ssociations between c ontin-
ous clinical characteristics and clinically significant CAS
ill be ev alua t ed using t -t ests or Wilc oxon rank-sum t ests.

Feasibility will be ev alua ted based on the propor-
ion of approached pa tien ts who enroll and receive
he study carotid US. This proportion will be reported
long with an exact 95% c onfidenc e int erval. The study
ill be considered feasible if 60% of responding sub-

ects enroll and receive carotid US. If less than 40%
f responding subjects enroll and receive the study
ar otid US, w e will r e-ev alua te our methods. D escr iptive
tatistics will be used to characterize the acceptability of
US ( Supplemental Appendix 1 ), stroke risk perception
 Supplemental Appendix 2 ), and bar r iers to getting a CUS
 Supplemental Appendix 3 ). 

. Discussion 

n the years to decades after trea tmen t, HN cancer
urvivors experience high rates of carotid artery disease
nd stroke [ 18 , 45 , 46 ]. This risk, coupled with increasing
urviv al ra t es driven by the exc ellent prog nosis associat ed
ith human papillomavirus-associated oropharyngeal

quamous cell carcinoma, w arran ts additional focus on
the detection and management of lat e t oxicities [ 5 ]. In
the general population, the utility and cost effectiveness
of CUS screening in asymptomatic patients increases with
the prevalence of CAS [ 31 ]. The rate of clinically significant
CAS identified in HN canc er survivors aft er RT increases
with duration of follow-up and has been c onsist ently
report ed t o be abo ve 20% [ 15 , 18 , 47 ]. T his suggests a
role for a screening exam to identify carotid disease
early and initiate lifestyle modifications and medical
management t o reduc e the subsequent long-t er m r isk of
cer ebr ovascular ev ents. 

Multiple pr ospectiv e and r etr ospectiv e studies hav e
identified a high risk of CAS in post-RT HN cancer
surviv ors [ 15 ]. Pr ospectiv e, longitudinal studies hav e
identified increases in CAS and carotid IMT after radio-
therap y [ 48–50 ]. T hese studies have established RT-
associat ed carotid art er y injur y as an important problem,
but few studies have investigated potential solutions to
this issue. Our pr ospectiv e pilot study is unique in that
the objectiv es ar e f ocused on understanding different
methods to identify high-risk carotid artery disease
(through multiple CAS and IMT end points) as well as
elucidating optimal methods to approach a future trial
of a screening program. This study is the first to our
knowledge to collect feasibilit y, acceptabilit y, bar r iers to
car e, and str oke risk per ception data fr om HN cancer
survivors in this c ont e xt . To design a randomized trial
testing the clinical impact and cost effectiveness of CUS
screening in HN cancer survivors, an understanding of
pa tien ts’ perception of their own stroke risk, expected
enrollmen t ra t es, willing ness t o adhere t o trial activities,
and bar r iers t o c ompletion of study activities ar e critical .
The key secondary objectives in this study will directly
inform decision-making r egar ding the feasibility and
design of a future randomized trial. 

Further, information r egar ding the ac c eptability of
the in terven tion and likelihood of pa tien ts t o adhere t o
CUS if it w er e t o ent er the standar d of car e will guide
next steps . C onsidering the burdensome follow-up tasks
often asked of pa tien ts with HN cancer, the unclear risk-
benefit ratio and cost effectiveness of CUS screening,
we must first understand the reasonableness of an
additional test before embarking on large pr ospectiv e,
randomized trials. Another important and pragmatic
end point of this study is the proportion of patients
with abnormal CUS findings for which a risk -r eduction
in terven tion is recommended, scheduled/prescribed, or
initiat ed/c omplet ed within the 6 months after CUS. This
will provide additional data to better understand what
changes (if any) in medical management follow the CUS,
if a high-risk feature is identified. 

Finally, planned corr elativ e, explorat ory analy ses such
as correlation of carotid IMT measurements with RT
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ose to the carotid artery, peripheral blood mononuclear
 ell bioenergetics, cyt okine profiling and multi-omics
nalyses of pa tien ts with versus without high-risk CUS
ndings may elucidate additional mechanistic pathways
r biomarkers of advanced car otid ather oscler otic disease
fter RT for HN cancer. 

This study is limited by its sample size, single geo-
 raphical sit e of ac crual , and the lack of a pr e-tr ea tmen t
aseline assessment. The purpose of this study is to test

he feasibility and ac cumulat e preliminary data to inform
uture trial design, and its statistical design was intended
 o provide moderat e power for subg roup analy ses while
btaining sufficient feasibility and ac c eptability data.
iv en the natur e of the study, a multi-sit e trial t o obtain
ata from a more generalizable population was not

easible. Within this limitation, the r esults pr oduced by
his study will be the first of their kind in the c ont ext of
US screening of HN cancer survivors and will provide
eaning ful infor mation with which a larger, multi-site

linical trial may be designed. The pa tien t selection, while
arr ow ed somewhat by inclusion cr iter ia, was inclusive
f all-comers who w er e inter ested in participating in
 clinical trial. Thus, the findings r egar ding feasibility,
c c eptability and bar r iers t o care must be int erpret ed
ith caution, as these results may differ from the popula-

ion of pa tien ts not willing to participate or provide these
a ta. All these limita tions ar e inher ent to a pr eliminary
ilot study aimed to gain the understanding needed to
esign a future well-powered, comparative effectiveness
tudy. To better understand the utility of CUS screening
f asymptomatic HN cancer survivors treated with RT, a

arge, randomized, multi-site clinical trial will be needed
 o t est the clinical impact and c ost-effectiveness. 

. Conclusion 

o better understand the clinical usefulness of CUS
creening in HN cancer survivors treated with RT, we
im to assess the screening out c omes, ac c eptability and
easibility of CUS in a pr ospectiv e clinical trial . For pa tien ts

here CAS is identified, we aim to understand the
requency and type of changes in medical management
hat occur because of the screening CUS. Additional
orr elativ e analyses ar e planned to better understand
he phy siolog ic and biolog ical proc esses associat ed with
ost-RT C AS and identify biomar kers of a high-r isk
opulation. 

Article highlights 

C ar otid artery stenosis in head & neck cancer survivors 
trea t ed with radiation therapy 
• Radiotherapy for head and neck (HN) cancer may increase the risk 

of ac c elera ted a ther oscler osis and late car otid art ery st enosis (CAS) 
in 25% of patients, and screening of asymptomatic stenosis may be 
useful and cost-effective in specific high-risk populations. 

• If clinically significant stenosis is identified, risk reduction 
str ateg ies such as optimal medical management with or without 
pr ocedural interv ention may reduce the risk of stroke. 

• Data supporting the use of carotid ultrasound (CUS) for HN cancer 
surviv ors ar e sparse, and no guideline curr ently r ecommends CUS 
screening for asymptomatic patients. 

C ar otid ultr asound surveillanc e for detection of 
asympt oma tic carotid artery stenosis after head & neck 
r adiother apy 
• CUS allows for cardiovascular risk stra tifica tion using stenosis and 

intima-media thickness measurements. 
• Knowledge gaps with r egar d to the use of CUS screening in this 

population include patient acceptability, feasibility, and clinical 
utility. 

• Rates of change in medical management for screen-detected 
carotid stenosis in HN cancer survivors have not been assessed in a 
pr ospectiv e study. 

Pilot trial of carotid artery ultrasound in head & neck cancer 
survivors 
• In this single-institution trial, 60 patients with a history of HN 

canc er trea ted with r adiother apy will undergo screening CUS. 
• Patients will be evaluated for CAS (peak systolic velocity by Doppler 

ultr asonog r aphy), and intima-media thickness will be measur ed . 
• Outcomes include patient acceptability, feasibility, barriers to care 

and per ceiv ed str ok e risk among participan ts. In patien ts with 
clinically significant stenosis, the rate of resultant medical 
in terven tions (e.g., new medication, additional imaging or 
in terven tion) will be determined. 

Conclusion 
• This pr ospectiv e study for CUS scr eening in HN cancer surviv ors 

will obtain novel preliminary data to better understand the utility 
and feasibility of a CUS screening prog r am. 

• Pr eliminary r esults will inform futur e trials focused on the efficacy 
and cost-effectiveness of carotid artery ultrasound screening in 
this patient population. 

• Corr elativ e analysis will elucidate novel biomarkers and 
mechanisms of post-r adiother apy CAS. 
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