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A B S T R A C T

Objectives: Radiotherapy (RT) is associated with an increased risk of cardiovascular disease (CVD), but little is
known about the mechanism for vascular injury and methods for early detection.
Materials and methods: We conducted a prospective, pilot study of carotid artery inflammation using 18F-labeled
2-fluoro-2-deoxy-D-glucose ([18F]FDG) PET/CT imaging pre- and 3months post-RT in head-and-neck cancer
(HNC) patients. [18F]FDG uptake by the carotid arteries was measured by the maximum and mean target to
background ratio (TBRMAX, TBRMEAN) and the mean partial volume corrected standardized uptake value
(pvcSUVMEAN).
Results: Of the 22 patients who completed both pre and post-RT scans, the majority (82%) had stage III or stage
IV disease and received concurrent chemotherapy. TBRMAX, TBRMEAN, and pvcSUVMEAN were all significantly
higher 3 months after RT versus before RT with mean difference values (95% CI; p-value) of 0.17 (0.1–0.25;
0.0001), 0.19 (0.12–0.25; 0.0001), and 0.31 g/ml (0.12–0.5; 0.002), respectively. Fifteen patients (68%) had
HPV-positive tumors, which were associated with lower pre-RT [18F]FDG signal, but a greater increase in
TBRMAX (19% vs 5%), TBRMEAN (21% vs 11%) and pvcSUVMEAN (20% increase vs 3% decrease), compared to
HPV negativity.
Conclusion: There is a significant increase in carotid artery inflammation in HNC patients due to CRT that
amounts to a degree that has previously been associated with higher risk for future CVD events. The subset of
patients with HPV-positive tumors experienced the greatest increases in vascular inflammation due to CRT.
Carotid [18F]FDG uptake may be an early biomarker of RT-related vascular injury.
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Introduction

While radiotherapy (RT) improves survival for many cancer pa-
tients, it also leads to an increased risk of cardiovascular disease (CVD)
including stroke and heart attack in survivors of head and neck cancer
(HNC), lung cancer, breast cancer, and Hodgkin lymphoma [1–4]. HNC
patients have a 5-year stroke rate of 12–32% after undergoing cancer
treatment, related to the effects of RT and underlying cardiovascular
risk that can lead to carotid artery stenosis [5,6]. Post-irradiation car-
otid stenosis is more aggressive and refractory to therapy [7–9] with
higher rates of progression (66% vs. 5% per year) [10,11] and devel-
opment of restenosis after stenting (88% vs. 27% over two years),
compared to non-irradiated patients with stenosis [10,12]. Given the
difficulty in treating RT-related carotid artery stenosis and preventing
future stroke, it is critical to better understand the pathophysiology of
this process and develop early detection and prevention strategies.

[18F]FDG PET/CT is an important tool for imaging vascular in-
flammation. Vascular metabolic activity detected by [18F]FDG PET/CT
is specifically confined to areas of macrophage/monocyte infiltration in
the vessel wall based histopathology studies of patients with carotid
stenosis who undergo carotid endarterectomy [13,14]. In further sup-
port, a higher degree of [18F]FDG uptake in the ascending aorta of
patients with HIV infection (compared to controls matched for Fra-
mingham risk) correlates with increased soluble CD163, a marker of
activated monocytes and macrophages [15]. In the ApoE−/− mouse
model of atherosclerosis, aortic [18F]FDG uptake correlated with de-
tection of macrophage lineage markers as well as monocyte/macro-
phage cell adhesion molecules (CAMs) [16].

Moreover, vascular inflammation detected by PET/CT is associated
with an increased risk of cardiovascular events [17]. A recent meta-
analysis of 14 studies involving 539 patients confirmed a significant
association between higher [18F]FDG uptake and symptomatic versus
asymptomatic carotid atherosclerotic disease [18]. In a prospective
study of 334 patients undergoing [18F]FDG PET/CT for cancer staging,
the baseline carotid metabolic activity was significantly higher among
patients who developed a stroke versus those who did not during a
median of 2.5 years of follow-up time (maximum target-to-background
ratio (TBRmax): 1.6 vs. 1.18) [19].

There is evidence that RT-related vascular injury has an in-
flammatory component at both early and late time points. Preclinical
studies demonstrate endothelial upregulation of cell adhesion mole-
cules that bind inflammatory cells within 24 hours of RT [20,21]. There
is also evidence that vascular inflammatory processes may continue to
occur up to 10 years after RT based on biopsies of human cervical ar-
teries [22]. We therefore hypothesized that [18F]FDG PET/CT may
detect sub-acute inflammation in irradiated carotid arteries of HNC
patients as early as three months following treatment. PET/CT scans are
performed as standard of care at three months after completion of RT to
assess for residual cancer once the majority of acute, RT-related tumor
inflammation has resolved [23].

Methods and materials

This prospective pilot study, CASE 8313, was approved by the
University Hospitals Cleveland Medical Center Institutional Review
Board and enrolled patients with HNC (squamous cell or adenocarci-
noma) from 2014 to 2016. All patients gave written informed consent
and underwent pre- and three-month post-RT [18F]FDG PET/CT scans
on a standardized imaging protocol. Inclusion criteria were defined as
patients undergoing definitive or adjuvant (chemo)radiation with
curative intent. All participants were treated with prescribed doses
ranging from 50 to 70 Gray (Gy) to target one or more neck lymph node
regions using intensity-modulated radiation therapy (IMRT). Exclusion
criteria included a history of prior radiation to the head or neck, au-
toimmune or vasculitic disease, human immunodeficiency virus (HIV)
infection, or ongoing use of an immunosuppressive therapy including

steroids. Patients were also excluded if they had a history of a cere-
brovascular event. We estimated the 10-year risk for developing a
cardiovascular disease (CVD) event for each patient according to a
simplified Framingham model that does not require laboratory testing
[24].

Imaging protocol

[18F]FDG PET/CT and contrast-enhanced CT (CECT) scans were
obtained using a standardized protocol at diagnosis and threemonths
after the completion of RT. All scans were acquired with patients
wearing a thermoplastic head holder in the radiation treatment posi-
tion. Patients fasted at least four hours prior to the injection of [18F]
FDG, and their serum glucose was verified to be within the normal
range less than 120mg/dl before injection. A total of 10–20mCi (or
370–740 GBq) of [18F]FDG was injected for every patient. PET/CT
scans were performed sixty minutes (± 10minutes) after [18F]FDG
injection on a Phillips Gemini TF large bore PET/CT, a version of the
Gemini TF that has an expanded patient aperture but that otherwise has
equivalent performance [25]. Dedicated head and neck imaging was
acquired first from the orbits to the bottom of the heart with the pa-
tients’ arms by their sides and reconstructed using 2mm voxels. Sub-
sequently, the standard whole body acquisition was performed in the
arms-up position and reconstructed using 4mm voxels. A low-dose CT
scan with 1mm slice thickness for the head-and-neck images and 5mm
for the whole-body images was acquired for attenuation correction.
Additionally, CECT scans of the head and neck were acquired with
2–3mm slice thickness at the time of the CT simulation scan in radia-
tion oncology or concurrently with the three-month post-RT PET/CT on
the Phillips Gemini. Recent reports suggest that delayed PET imaging
(90–120min vs. standard 60min) following [18F]FDG injection may
provide higher sensitivity for detection of vascular inflammation
[26,27]. Based on these data, a subgroup of our study participants also
underwent delayed imaging at 120 ± 10minutes after injection, in
addition to standard timing of sixty minutes.

Image analysis

The low-dose CT scan from the PET/CT and the CECT scans were
manually co-registered by aligning anatomic structures near the carotid
artery. We manually defined carotid artery ROIs including the entire
carotid artery (common carotid extending to the internal carotid),
carotid bulb, and expanded bulb plus 2 cm cranial and caudal (Fig. 1).
To account for the difference in resolution of the low-dose CT and PET,
the PET scans were resampled to the CT matrix with a voxel size of
1mm. A MIM Maestro platform version 6.7.11 was used to co-register
CT scans, manually define ROIs, and for image analysis (MIM Software,
Inc., Beachwood, OH).

Mean and maximum standardized uptake values (SUVs, in g/ml)
were defined according to standard convention as the decay-corrected
tissue concentration of [18F]FDG (in kBq/ml) divided by the injected
dose per body weight (in kBq/g) [28]. To minimize the effect of signal
contamination from nearby regions containing tumor, the FDG-avid
primary tumor or regional lymph nodes plus 1 cm (Fig. 1) were ex-
cluded from the carotid ROIs.

We examined multiple [18F]FDG PET-based indices of vascular in-
flammation using previously published metrics [27,29]. Mean and
maximum target-to-background ratios (TBR) (TBRMEAN and TBRMAX)
were calculated by dividing the mean and maximum SUVs by the blood
pool SUV [29]. Corrected mean and maximum SUVs (cSUVMEAN and
cSUVMAX) for every slice were calculated by subtracting the blood pool
SUV measured in the superior vena cava.

To correct for significant inaccuracies in the activity measurements
in the carotid wall caused by it being thin relative to the spatial re-
solution of PET, the pvcSUV was calculated based on the method de-
scribed by Bloomberg et al., assuming a carotid wall thickness of 1mm
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[27,30]. In general terms, this method accounts for the spillover ac-
tivity from the vessel wall while subtracting the blood pool (superior
vena cava) and background (erector spinae) activity defined by 1mm
contraction and expansion of the carotid artery contour, respectively.

All of the five PET metrics were measured in all of the three ROIs in
the paired pre and post-PET scans because they have been reported on
previously and there is not one accepted metric to quantify carotid
inflammation due to RT. The values of the [18F]FDG metrics for con-
secutive axial slices were summed and divided by the number of slices,
resulting in single average values for both the right and left carotid
arteries for each subject.

Statistical analysis

This study was designed to have at least 80% power to detect a 7%
increase in TBRMAX between pre and post-RT carotid arteries with a
sample size of 22 patients and assuming two-sided type 1 error of 0.05,
10% attrition, and standard deviation of 10%. The mean and maximum
values for cSUV and TBR, as well as the pvcSUVMEAN of the carotid ROIs
were calculated. Mixed model analyses were performed with [18F]FDG
metrics or change in [18F]FDG metrics as outcomes using linear mixed
models in SAS software version 9.4 (SAS Institute, Cary, NC). Subject-
level random effects were included. Variables considered for the models
were time period (pre vs post-RT) for non-difference outcomes, to assess
for change over time. In respective consideration of HPV status,
Framingham risk, or statin use as covariates, mixed model outcomes
were difference from pre vs. post RT values. Estimated mean difference
values by time period and 95% confidence interval (95% CI) are re-
ported. P-values less than 0.05 were considered significant.

Results

Patient characteristics

Twenty-two patients were enrolled in the study and completed pre
and post-RT PET/CT scans at 1 hour after injection. Of these patients,
six also completed scans at 2 hours post injection. An attempt was made
to offer study participation to all eligible patients. The most common
reason for ineligibility was patients who had already completed staging
PET/CT scans prior to their radiation oncology consultation. The
baseline characteristics of the 22 study participants by tumor HPV
status are presented in Table 1. The majority of patients had stage III or
IV disease (96%) per the AJCC 7th edition cancer staging [31] and
primary tumor site involving the oropharynx (73%). Fifteen patients

(68%) had tumors that were HPV-positive. Patients had an average of 3
cardiovascular risk factors. Seven patients had known hyperlipidemia,
of whom five were taking a statin. Patients with HPV-negative tumors
had similar Framingham 10-year CVD risk scores compared to HPV-
positive tumors (29.4% vs. 25.2%), but there was greater percentage of
HPV-negative patients who were active smokers within 3months of
cancer diagnosis (71% vs. 47%) and having a diagnosis of hypertension
(71% vs. 33%), compared to HPV-positive patients (Table 1). There was
also a higher CVD risk score among patients taking a statin versus those
not (mean score: 33.9% vs. 24.4%).

Eighteen patients underwent definitive CRT, two patients under-
went definitive RT, and two patients underwent surgical resection fol-
lowed by radiation. All patients were treated using intensity-modulated

Fig. 1. Carotid artery regions of interest. Carotid
artery ROIs delineated on a contrast-enhanced
CT fused to a PET/CT. (A) Coronal image de-
picting the carotid artery from the aortic arch to
the base of skull (blue: right; green: left), carotid
bulb (red), and expanded carotid bulb plus 2 cm
(yellow). An FDG-avid lymph node (red) was ex-
panded by 1 cm (orange) and then subtracted
from the final carotid ROIs. (B) Axial image de-
picting the vessel wall (blue: right; green: left),
spillover area (magenta), and arterial lumen
(cyan). (For interpretation of the references to
colour in this figure legend, the reader is referred
to the web version of this article.)

Table 1
Patient characteristics.

Characteristic, n (%) HPV positive
n=15

HPV negative
n=7

Gender
Male 13 (87) 4 (57)
Female 2 (13) 3 (43)

Median age, years (range) 57 (46–72) 60 (50–78)

Cardiovascular risk factors
Smoking 7 (47) 5 (71)
Diabetes 1 (7) 0
Average Systolic BP 134mmHg 132mmHg

Baseline treatment
Hypertension medication 6 (40) 5 (71)
Statin use 3 (20) 2 (29)

Median 10-year CVD risk (%, range) 25 (6–54) 29 (4–65)

Clinical stage, AJCC 7th edition
I-II 1 (7) 0
III 3 (20) 2 (29)
IV 11 (73) 5 (71)

Primary site
Oropharynx 13 (87) 3 (43)
Nasopharynx 2 (13) 0
Larynx 0 2 (29)
Oral cavity 0 1 (14)
Hypopharynx 0 1 (14)

Treatment modalities
Definitive RT 2 (13) 0
Definitive CRT 13 (87) 5 (71)
Surgery+ post-operative RT 0 2 (29)
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radiation therapy to a prescribed dose of 60–70 Gy to the gross disease
or post-operative tumor bed/dissected neck, while the uninvolved
elective lymph nodal regions received a prescribed dose of 56–63 Gy.

[18F]FDG uptake in the carotid wall after RT

Compliance with the imaging protocol was excellent, with 91% of
PET/CT scans initiated within 1 h ± 10minutes after FDG injection
(median: 61minutes; range: 50–77minutes). Additionally, all patients
had serum glucose levels< 120mg/dL prior to FDG injection. [18F]
FDG PET metrics measured before and after RT are detailed in Table 2.
The changes in cSUVMAX and cSUVMEAN were inconsistent for the car-
otid ROIs, with some values decreasing and others increasing after RT.
In contrast, there were consistent increases in TBRMAX, TBRMEAN, and
pvcSUVMEAN after RT for the carotid artery and its substructures. For
the entire carotid artery, the mean difference value (95% CI; p-value) of
post-RT minus pre-RT values for the TBRMAX, TBRMEAN, and
pvcSUVMEAN was 0.17 (0.1–0.25; 0.0001), 0.19 (0.12–0.25; 0.0001),
and 0.31 g/ml (0.12–0.5; 0.002), respectively. This represents a relative
increase in these [18F]FDG metrics of 12–18% above pre-RT values.
There were similar and statistically significant increases in [18F]FDG
metrics including the TBRMAX, TBRMEAN, and pvcSUVMEAN between the
entire carotid and expanded carotid bulb, but not for the carotid bulb
(data not shown for the bulb). For example, the mean difference (95%
CI; p-value) in pvcSUVMEAN is 0.31 g/ml (0.12–0.5; 0.002) for the entire
carotid and 0.33 g/ml (0.04–0.6; 0.03) for the expanded carotid bulb.

With regards to [18F]FDG metrics obtained from the delayed, 2-hour
post-injection scans which were collected in a subset of 6 subjects, there
is a numeric increase in pvcSUVMEAN from 2.7 before to 3.0 after RT for
the entire carotid with an absolute difference of SUV 0.3 (95% CI:
−0.04 to 0.56). In comparison, the 1-hour pvcSUVMEAN among the
same 6 patients increased from 2.6 before to 2.8 with an absolute dif-
ference of SUV 0.2 (95% CI: −0.76 to 0.40). While the absolute nu-
meric difference was greater for the 2-hour than the 1-hour
pvcSUVMEAN, neither reached statistical significance, likely reflecting
the small sample size.

HPV status and carotid vascular inflammation

We conducted further analysis to determine if baseline [18F]FDG
metrics or their post-RT changes differed between patients with HPV-
positive and HPV-negative cancers. As shown in Fig. 2, HPV-negative
patients had higher absolute values for baseline [18F]FDG uptake

compared to HPV-positive patients for TBRMAX, TBRMEAN, and
pvcSUVMEAN. Specifically, the pre-RT pvcSUVMEAN was 2.5 in HPV-
positive patients, compared to 3.1 in HPV-negative patients for the
entire carotid. Mixed model analysis demonstrated that HPV-negative
status was associated with significantly higher TBRMAX and TBRMEAN

values (Table 3), after accounting for time period (pre vs. post-RT) and
subject-level effects due to paired carotid arteries. In contrast, there was
no association between chemotherapy, 10-year cardiovascular risk or
statin use and [18F]FDG metrics in multivariate models (data not
shown). In an exploratory analysis, there was no difference in [18F]FDG
uptake between carotid arteries located ipsilateral to gross disease in
the neck (prescribed a dose of 66–70 Gy) versus arteries without ipsi-
lateral gross disease (prescribed a dose of 56–63 Gy) (data not shown).

While HPV-positive patients had lower carotid FDG uptake at
baseline, they experienced greater increases in FDG uptake post RT
compared to HPV-negative patients. The estimated mean increase in
pvcSUVMEAN for HPV-positive patients was 0.50 (95% CI 0.17–0.82),
compared to −0.09 (95% CI −0.57 – 0.39) for HPV-negative patients
(Table 4, p= 0.047).

Discussion

Increased carotid artery inflammation due to radiotherapy

Our pilot study is the first prospective study to detect CRT-related
changes in vascular inflammation utilizing a standardized [18F]FDG
PET/CT imaging protocol and modern quantification of vascular uptake
with TBR and pvcSUV metrics that are reproducible and account for
partial volume effects [26,27]. We report herein that CRT results in
significant increases in carotid inflammation at three months after
therapy, the timepoint at which PET/CT scans are obtained to evaluate

Table 2
Comparison of pre-RT and post-RT PET metrics among carotid substructures.

Metric anatomic site Mean value
Pre-RT/Post-
RT

Mean difference of
post-RT minus pre-RT
(95% CI)

p-value* for
mean difference

cSUVMAX (g/ml)
Entire carotid 1.75 / 1.72 −0.03 (−0.13 to 0.06) 0.50
Bulb+ 2 cm 1.94 / 1.84 −0.10 (−0.23 to 0.02) 0.11

cSUVMEAN (g/ml)
Entire carotid 1.49 / 1.51 0.02 (−0.04 to 0.09) 0.48
Bulb+ 2 cm 1.62 / 1.63 0.01 (−0.08 to 0.10) 0.88

TBRMAX

Entire carotid 1.26 / 1.43 0.17 (0.10 to 0.25) <0.0001
Bulb+ 2 cm 1.39 / 1.54 0.14 (0.05 to 0.24) 0.004

TBRMEAN

Entire carotid 1.07 / 1.26 0.19 (0.12 to 0.25) <0.0001
Bulb+ 2 cm 1.17 / 1.36 0.19 (0.11 to 0.27) <0.0001

pvcSUVMEAN (g/ml)
Entire carotid 2.66 / 2.97 0.31 (0.12 to 0.50) 0.002
Bulb+ 2 cm 3.07 / 3.40 0.33 (0.04 to 0.62) 0.03

* Mean p value is from mixed model.

Fig. 2. HPV status and PET metrics. (A) TBRMAX; (B) TBRMEAN; (C)
pvcSUVMEAN.
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tumor response as part of standard of care. Comparing our results to
other studies suggests that the degree of CRT-related increase in vas-
cular inflammation may amount to a clinically-significant injury con-
ferring a higher risk for future CVD events among our HNC patients.
Specifically, we found that the TBRmax for the expanded carotid bulb
increased from 1.39 to a value of 1.54 after CRT (a relative increase of
10.8%). In comparison, a prospective study of unirradiated patients
demonstrated higher baseline TBRmax of the common carotid artery in
patients who experienced a stroke in followup versus those who did not
(mean TBRmax: 1.6 versus 1.18) [19]. Similar to our results, in a re-
cently published meta-analysis of 14 studies examining carotid FDG
uptake between symptomatic and asymptomatic patients found a re-
lative difference of 13.8% [18].

Furthermore, among our patients who underwent delayed PET/CT
imaging at 2 hours post [18F]FDG injection, there was an even greater
increase in TBRmax of the carotid artery from 1.53 to 1.84. This change
in carotid metabolic activity due to CRT is comparable to the difference
in carotid activity between healthy unirradiated patients versus uni-
rradiated patients with high Framingham CVD risk measured using
delayed PET imaging at 90minutes following [18F]FDG injection
(TBRmax: 1.55 versus 1.94) [32]. In our study, the change in the 2-hour
[18F]FDG metrics were numerically higher than the 1-hour metrics, but
statistical analysis was limited by the small sample size of only 6 pa-
tients undergoing delayed imaging. Thus, a hypothesis to test using a
larger cohort is whether FDG uptake at 2-hour data is more sensitive to
change than at one hour.

Another study of irradiated patients suggests that chronic, RT-re-
lated vascular inflammation may also be detectable by [18F]FDG PET/
CT at 2–3 years after RT [33]. This study found a higher SUVmax by a
value of 0.42 (p < 0.05) in the irradiated carotid or iliac arteries
compared to contralateral, non-irradiated vascular segments among 10
lymphoma survivors. Our study expands upon this previous work by
assessing an earlier time point after RT, employing a standardized
imaging protocol to allow for pre and post-RT comparisons among a
uniform group of patients, and utilizing modern quantification of vas-
cular uptake with TBR and pvcSUV metrics.

Predictors of vascular inflammation in HNC patients

We also demonstrated that it may be possible to utilize [18F]FDG
PET/CT imaging to identify subgroups of HNC patients at highest risk
for developing CRT-related vascular inflammation. Surprisingly, our
patients with HPV-negative tumors had higher baseline carotid FDG
uptake than HPV-positive tumors (likely related to the greater propor-
tion of patients actively smoking at diagnosis), but patients with HPV-
positive tumors experienced greater CRT-related increases in FDG

uptake than HPV-negative tumors. It is widely believed that HPV-po-
sitive patients have lower traditional cardiovascular risk factors, such as
younger age, less use of tobacco and alcohol, and lower rate of co-
morbidities, such as hypertension and diabetes [34,35]. However, our
data suggest that even with similar traditional risk factors, HPV-positive
patients may experience significant RT-induced vascular inflammation,
which argues for enhanced surveillance of post-RT cerebrovascular
disease in this patient population that is sharply growing in number.

Our results may reflect a true difference between these populations,
but also may be due to the fact that the majority of the patients in our
study (68%) were HPV-positive and therefore there was a greater power
to see RT-related changes in this subgroup. Larger studies are needed to
confirm this result. However, a recent retrospective analysis supports
our finding that HPV tumor positivity may confer a greater risk for
vascular injury related to CRT: HPV-positive HNC patients had 4.4
times the risk of cerebrovascular events after RT compared to HPV-
negative patients, after adjusting for Framingham risk [36]. Our study
offers a potential mechanistic explanation for this elevated cere-
brovascular event risk in HPV-positive patients due to greater increases
in CRT-related sub-acute inflammation. It is possible that the enhanced
systemic and local tumor immune responses seen in patients with HPV-
positive tumors could predispose patients to greater vascular in-
flammation as a consequence of CRT [37].

We did not find a significant association between carotid [18F]FDG
uptake and traditional cardiovascular risk and protective factors such as
a Framingham score or statin use, respectively, in contrast to other
publications demonstrating their association with RT-related vascular
injury [10,38]. This may be explained by the following limitations of
our study: small sample size of 22 patients with many patients having
high baseline risk scores (reflected in a median score of 23%), we had to
utilize a simplified Framingham score since we did not have serum LDL
cholesterol data, and that many patients had quit smoking more than
3months before diagnosis but still had a long history of smoking that is
not accounted for in the risk calculation.

Study limitations

A limitation of our study is that there was treatment heterogeneity,
with some patients undergoing chemotherapy and/or surgery, in ad-
dition to radiation. Due to this fact, and the small sample size, it was not
possible to assess for an independent effect of surgery or chemotherapy
on vascular injury. However, the vast majority (82%) of all patients
underwent definitive CRT without surgery and no patients with HPV-
positive tumors had surgery (Table 1). This leads us to conclude that the
treatment-related increases in vascular inflammation, primarily found
among our HPV-positive subset, were due to chemoradiation and not
surgery. We were limited in assessing a RT dose-response effect because
all patients underwent bilateral neck radiation, the range of prescribed
doses to the neck was narrow between 56 and 70 Gy, and only 13 of 22
patients had unilateral neck disease with different doses received by
either side of the neck.

Future directions

Our study demonstrates that HNC patients have clinically-sig-
nificant increases in sub-acute inflammation in the carotid related to
CRT. Further studies are needed to correlate imaging biomarkers (such

Table 3
Multivariate models for PET Metrics with Time Effect and HPV Status.

Metric Time effect estimate: Post versus pre-RT (95% CI); [p-value] HPV status estimate: Negative versus positive (95% CI); [p-value)

TBRMAX 0.17 (0.1–0.25) [< 0.001] 0.21 (0.09–0.32) [0.0007]
TBRMEAN 0.19 (0.12–0.25) [< 0.0001] 0.14 (0.04–0.24) [0.005]
pvcSUVMEAN 0.31 (0.12–0.5) [0.002] 0.31 (−0.05–0.67) [0.09]

Table 4
HPV status and RT-associated changes in PET metrics for the entire carotid.

Metric HPV positive
Mean difference of
post-RT minus pre-RT
(95% CI)

HPV negative
Mean difference of post-
RT minus pre-RT (95%
CI)

p-value for
HPV status

TBRMAX 0.22 (0.07–0.37) 0.07 (−0.15–0.29) 0.25
TBRMEAN 0.21 (0.07–0.35) 0.13 (−0.07–0.34) 0.51
pvcSUVMEAN 0.50 (0.17–0.82) −0.09 (−0.57–0.39) 0.047
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as [18F]FDG uptake detected by PET/CT and intima-media thickness by
carotid ultrasound) and serum inflammatory biomarkers with stroke
events in HNC patients. In the short term, carotid [18F]FDG uptake at
three months after RT may be an important early biomarker to identify
patients at highest risk for stroke and/or to study the impact of ther-
apeutic strategies to prevent injury during RT. Because [18F]FDG PET/
CT scans are already obtained at this timepoint as part of standard of
care, this imaging assessment of vascular inflammation has the poten-
tial to become widely implemented. Furthermore, the fact that we
identified a component of sub-acute inflammation due to CRT gives
clues as to the pathophysiology of injury and leads us to propose in-
vestigating therapies to prevent vascular inflammation, such as statins
[39,40].
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