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Abstract: Radiation therapy (RT) is an important component of care for head and neck cancers (HNC). Photon RT
vasculitis is a complication of incidental dose delivery to nearby vascular structures. However, optimal methods for
early diagnosis are not clearly established. The aim of this study was to evaluate ‘8F-FDG-PET/CT in detecting radia-
tion-induced vasculitis of the left common carotid (LCC) and the arch of the aorta (AoA) in patients treated for HNC.
18F-FDG-PET/CT scans obtained before RT (Pre-RT) and 3 months after RT (Post-RT) were retrospectively reviewed
in 30 HNC patients (25 males, 5 females; average age 57.948.1 years) treated with photon RT. All subjects under-
went 8F-FDG-PET/CT imaging 60 minutes after 5.0 MBq/kg *®F-FDG injection. Average standard uptake values (Avg
SUVmean) of the LCC and AoA were obtained by global assessment. A two-tailed paired t-test was used to assess
the difference in Avg SUVmean between pre- and post-RT imaging. Subjects demonstrated significant increased Avg
SUVmean within the LCC post-RT (pre = 1.42, post = 1.65, P<0.001), with a mean increase of 0.23 SUV. Similarly,
subjects exhibited higher 8F-FDG uptake in the AoA post-RT (pre = 1.44, post = 1.69, P<0.01), with a mean increase
of 0.23 SUV. *¥F-FDG-PET/CT may be used to detect and quantify photon RT vasculitis in HNC patients. Further in-
vestigation is warranted to evaluate the clinical implications of this pathology and the role for alternative treatment
strategies in minimizing tissue toxicity.
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Introduction In particular, prior studies have demonstrated
an increased risk of vascular stenosis and
cerebrovascular accidents following RT to the

head and neck [6, 7]. Vasculitis can cause de-

More than 680,000 patients are diagnosed
globally with head and neck cancers each year

[1]. The majority of patients receive photon
radiotherapy (RT) as either definitive or adju-
vant therapy. In head and neck malignancies,
RT is a critical component of care, with treat-
ment guidelines dependent largely on disease
stage, site, and presentation [2-4]. Despite ad-
vancements in modern head and neck radio-
therapy, including intensity modulated radio-
therapy (IMRT), radiation can induce significant
toxicities in normal tissues, which can override
the benefits of metastatic control gained with
RT [5].

bilitating pathologies, including ischemia, he-
morrhage, and tissue necrosis [8]. Abnormal
blood flow in the carotid arteries may addition-
ally lead to irreversible brain damage and
potentially death [9, 10]. Thus, early identifica-
tion of RT-induced vasculitis is crucial to opti-
mizing patient outcomes and guiding clinical
management following head and neck photon
RT. However, optimal screening and interven-
tion strategies to help mitigate this risk remain
poorly defined [11]. Further investigation into
how patients and providers can maximize the
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Table 1. Patient characteristics

mon carotid artery (LCC) and the arch

of the aorta (AoA) following photon RT

Distribution of Tumor Grade Age at Baseline Sex Race for h K mali .
Tongue (n = 13) 3:2 613469  M:11 W: 10 or head and neck malignancies.
4A: 9 F:2 AA: 3
4B 2 Methods
Nasopharynx (n=3) 3:1 58.0+3.1 M: 3 W: 2 Study population
4A: 2 F: 1 AA: 1
4B: 0 . . .
This study included 30 patients (25
Oropharynx (n = 8) 3:1 54.7+8.0 M: 8 W: 7 males, 5 females; average age =
jg:_i F0 AL 57.9+8.1 years) with head and neck
H N _4 3_6 479 M1 WO cancer who were treated with pho-
ypopharynx (n =1) 4'A_ 0 ’ F-.O AA- 1 ton RT at the University of Pennsy-
4B.- 1 ’ ’ Ivania between 02/09/2010 and
Larynx (n = 5) 3:2 57.1+12.1 M:3 W:5 :&é%vz?jf Information rega_tl’d::lg
aA: 3 E o A O itiona mgn_o;es v_vas unavai a. g
4B: 0 and were not utilized in data acquisi-
i i i i 18F_
=30 36 578181 M:25 W24 tion. Only patients imaged with *8F
4A: 20 F 5 AA: 6 FDG—RET/CT before RT.and 3 months
4B: 4 following photon RT, with both scans

M = male, F = female, W = white, AA = black or African American.

beneficial effects of photon RT while minimizing
unfavorable side effects or the development of
additional pathologies is paramount in the pro-
gression of cancer research.

BF-fluorodeoxyglucose (8F-FDG) is a tracer for
glucose metabolism, a process that is upregu-
lated in tumor cells and inflammatory states
[12]. 8F-FDG-positron emission tomography/
computed tomography (PET/CT) is a powerful
imaging technique that has demonstrated high
value in the management of head and neck
malignancies [13]. Differentiation of residual
disease from RT complications can be chal-
lenging with structural imaging techniques, like
CT and MRI, due to loss of normal anatomy
[14]. In contrast, *8F-FDG-PET/CT evaluates me-
tabolic activity as a marker of tumor cell viabili-
ty, which overcomes the known limitations of
structural imaging modalities [15].

Additionally, 8F-FDG-PET/CT has demonstrat-
ed clinical utility in the diagnosis of vasculitis of
varying severity [16]. As such, we predict that
8F-FDG-PET/CT will be a useful imaging tech-
nique in head and neck photon RT patients, not
only for the evaluation of tumor cell viability, but
also for the identification of patients at risk for
developing vasculitis, with the potential to diag-
nose subclinical disease before the damage
becomes irreversible. Here, we aim to evaluate
the role of *8F-FDG-PET/CT imaging in the dete-
ction of vascular inflammation in the left com-
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of an imaging quality able to identify
and trace structures of interest, were
included. All patients received weekly
cisplatin and cetuximab chemotherapy conco-
mitant to two sessions of photon RT. Patients
only received photon RT targeted to the area
where their tumors were located in their head
and neck area. Patient demographics and tu-
mor distribution are further described in Table
1. The study received Institutional Review Bo-
ard approval and was conducted in complian-
ce with the Health Insurance Portability and
Accountability Act (HIPAA).

Image acquisition

All subjects underwent 8F-FDG-PET/CT imag-
ing 60 minutes after a dose of 5.0 MBq/kg
18F-FDG injected intravenously. Each scan was
obtained using the same protocol, and imaging
was performed on hybrid PET/CT scanners with
a comparable spatial resolution (Siemens 923/
Biograph 64 mCT (Siemens Healthineers AG,
Chicago, IL, USA); Philips Ingenuity TF/Gemini
TF 16 (Philips Medical Systems, Andover, MA,
USA)). Low-dose CT imaging was performed for
attenuation correction and anatomic correla-
tion. PET scans were corrected to account for
scatter, attenuation, random coincidences, and
scanner dead time.

18F-FDG-PET/CT image analysis
OsiriX MD software v.10.0.2 (DICOM viewer and

image-analysis program, Pixmeo SARL; Bernex,
Switzerland) was used to analyze the *¥F-FDG-
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Figure 1. *®F-fluorodeoxyglucose positron emission tomography/computed tomography (**F-FDG-PET/CT) images of
(A) the left common carotid artery and (B) the arch of the aorta. Top: PET, middle: CT, bottom: fused PET/CT. Indi-

cated regions are highlighted in green to aid in visualization.

Table 2. Global *®F-FDG uptake in the left
common carotid and arch of the aorta of
head-and-neck cancer patients before and 3
months after radiation therapy

Pre-RT Post-RT P-value
LCC 1.42+0.26 1.65+0.26 0.0004
AoA 1.44+0.33 1.69+0.28 0.004

LCC = left common carotid artery, AoA = arch of the
aorta, RT = radiation therapy.

PET/CT scans. Semi-quantification of *F-FDG
uptake was calculated from regions of interest
(ROIs) manually drawn around the LCC and AoA
structures on axial PET/CT images (Figure 1).

LCC ROIs were drawn beginning inferiorly at the
initial branch of the superior AoA. The bifurca-
tion into the internal and external carotid arter-
ies was defined as the superior border. AoA
ROIs were drawn beginning just inferior to the
branching of the brachiocephalic trunk. The
split into the ascending and descending bran-
ches of the aorta was defined as the inferior
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border, to separate the AoA from other parts
of the aorta. SUVmean and ROI volume were
measured for each trans-axial slice. The tracer
uptake in each slice was calculated by multi-
plying the slice SUVmean by the slice ROI vol-
ume. Avg SUVmean across all slices was used
for statistical comparison.

Results

In the current study, 30 head and neck cancer
patients were included for evaluation. Patient
characteristics are shown in Table 1. The Avg
SUVmean of the LCC and AoA measured by
18F-FDG-PET/CT were compared pre- and post-
RT (Table 2). Avg SUVmean was calculated for
each subject pre- and post-photon RT. A two-
tailed paired t-test in STATA software (Stata/IC
Version 10.1, StataCorp, College Station, TX)
was used to analyze the Avg SUVmean pre- and
post-photon RT. A p-value of less than 0.05 was
defined as significant. The mean increase in
Avg SUVmean was calculated by subtracting
pre-photon RT Avg SUVmean from post-photon

Am J Nucl Med Mol Imaging 2020;10(1):66-73
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Figure 2. Change in 8F-FDG average standardized uptake value mean (Avg SUVmean) from before radiation therapy
(Pre-RT) to 3 months after radiation therapy (Post-RT) in (A) the left common carotid and (B) the arch of the aorta.
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Figure 3. Box-and-whisker plot of difference (pre-radiation therapy minus 3-month-post-radiation therapy) in *8F-
FDG average standardized uptake value mean (Avg SUVmean) in (A) the left common carotid and (B) the arch of

the aorta.

RT values for each patient, then taking the
average.

Subjects demonstrated significant increased
Avg SUVmean within the LCC post-RT (pre =
1.42, post = 1.65, P<0.001) (Figure 2A), with a
mean difference of 0.229 SUV (Figure 3A). The
increased 8F-FDG uptake in the LCC demon-
strates vascular inflammation after RT therapy.

Similarly, subjects exhibited higher 8F-FDG up-
take in the AoA post-RT (pre = 1.44, post =
1.69, P<0.01) (Figure 2B), with a mean differ-
ence of 0.233 SUV (Figure 3B). As was the
case in the LCC, increased 8F-FDG uptake in
the AoA after RT is indicative of treatment-re-
lated vasculitis.

Discussion

Our study demonstrates a significant increase
in the uptake of *8F-FDG-PET/CT in the LCC and
AoA of head and neck cancer patients follow-
ing photon RT. Investigating the relationship
between RT and vasculitis is a particularly im-
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portant avenue of study. RT may have the po-
tential to ameliorate tumors, but this benefit
must be balanced against an increased risk of
cardiovascular complications. To our knowled-
ge, this is the first study that has assessed
18F-FDG-PET/CT uptake in the LCC and AoA of
head and neck cancer patients in order to bet-
ter investigate this concept. Although the exact
mechanism behind the correlation between
photon RT and vasculitis is unknown, our find-
ings suggest a relationship between photon RT
and inflammatory responses in these vessels,
which may influence health outcomes in pati-
ents. Particularly, because the AoA is out of
the radiation field range for most head and
neck cancer patients, this data may indicate
the possibility of a larger systemic effect from
photon RT on the vasculature of patients.

Data regarding vasculitis derived from PET/CT
may provide additional clinically useful informa-
tion for oncologists providing survivorship relat-
ed care to patients previously treated for head
and neck cancer. Severe vasculitis in the carot-
id arteries can lead to stenosis, which is associ-
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FDG-PET/CT in photon therapy-induced vasculitis

ated with cognitive decline resulting from CVA
and transient ischemic attack [17, 18]. As such,
future studies should assess the effects that
photon RT may have on morbidity and mor-
tality.

18F-FDG-PET/CT has demonstrated utility in the
imaging of multiple pathologies, including can-
cer, neurodegenerative disorders, and cardio-
vascular abnormalities [19-21]. Particularly, *8F-
FDG-PET/CT can identify inflammation and dis-
eased tissues within specific regions of inter-
est, which makes it a powerful diagnostic tool.
Several authors have shown that 8F-FDG-PET/
CT has diagnostic capabilities in recognizing
infections or inflammation in the aorta, which
our work has further confirmed [22, 23]. Kang
et al. have also demonstrated that *¥F-FDG-
PET/CT may be used to track the anti-inflam-
matory effects of a statin on atherosclerotic
lesions in the carotid arteries, as well as the
ascending thoracic aorta [24]. The clinical use-
fulness of 8F-FDG-PET/CT to detect diseased
tissues before, during, and after RT and/or che-
motherapy in head and neck cancer patients
has been explored in several studies [25, 26].
However, the inflammatory ®F-FDG uptake in
photon RT-induced vasculitis is valuable infor-
mation that has not yet been extracted from
PET images. Taken together, these previous
studies support our use of *¥F-FDG-PET/CT in
the present study. Our quantitative analysis
has combined the diagnostic capabilities of
18F-FDG-PET/CT in both cardiovascular disease
and cancer to investigate the relationship be-
tween photon RT and vasculitis in head and
neck malignancies.

Few authors have used *®F-FDG-PET/CT to
elucidate the association between cancer th-
erapeutic avenues and cardiovascular events.
Bauckneht et al. identified a left ventricular
(LV) 8F-FDG uptake increase from pre-treat-
ment to 4-6 weeks after the completion of
doxorubicin chemotherapy, which persisted to
a 3-month follow-up, in patients with Hodgkin’s
disease [27]. Authors from the same research
group found that this increase in LV *¥F-FDG-
PET/CT uptake in Hodgkin’s lymphoma pati-
ents is positively correlated with decreased
left ventricular ejection fraction (LVEF) after 2
cycles and at the conclusion of doxorubicin
chemotherapy when compared to LVEF before
treatment (12). *8F-FDG-PET/CT has also been
used to study thyroid carcinoma patients who-
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se thyrotropic hormones were suppressed, in
order to identify a significant increase in arteri-
al inflammation following radioiodine ablation
therapy [28]. Moreover, Jahangiri et al. utilized
18F-FDG-PET/CT to conclude that lung cancer
patients treated with RT experienced incre-
ased inflammation in the AoA and ascending
aorta [29]. While these authors have probed
the possibility of a relationship between can-
cer therapies and arterial inflammation, exist-
ing research has largely overlooked the poten-
tial for vasculitis in head and neck cancer pa-
tients who receive photon RT. This has led to a
gap in knowledge regarding the proper assess-
ment of cardiovascular risk factors prior to and
following photon RT in head and neck cancer.

There are several limitations to the present
study. This is a retrospective analysis of a sm-
all sample, so future assessments of 8F-FDG-
PET/CT as an identifier of RT-induced vasculitis
should be tailored towards larger prospective
studies. Furthermore, because the full tumor
stage, type of radiation field, and the exact
dose of radiotherapy administered to patients
were not available to be included in this study
as defining parameters, a more detailed descri-
ption of the patient cohort could not be estab-
lished. In addition, the volume-based parame-
ters utilized to obtain the ROIs are subject to
the partial volume effect, which has the poten-
tial to skew the results due to overlap from
neighboring structures and potential move-
ment of patients during image acquisition [30-
32]. This is due largely to the limited resolution
of the technology utilized and possible human
error. Such variance could explain the outlier
observed in the data (Figure 2B). Nonetheless,
additional variance due to anatomic differenc-
es or common carotid origin between subjects
was minimized by assessing the LCC instead
of the right common carotid [33]. Ideally, we
would have preferred to have utilized scans
generated with delayed imaging. The subjects
who participated in this study received their
scans 60 minutes after the introduction of 8F-
FDG administration. However, work by Blom-
berg et al. has suggested that a 180 minute
delay between *8F-FDG administration and im-
aging is more favorable for the quantification
of vascular inflammation, particularly due to
atherosclerotic plaque formation [34]. This is
because blood-pool activity, which can disturb
the *8F-FDG signal in the wall of the arteries,
gradually decreases with time [35]. Nonethe-
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less, our results demonstrate the severity of
the vasculitis in these patients, since a delay
that was a third of what is considered optimal
still generated statistically significant results in
increased *8F-FDG uptake.

Our study examines SUVmean to quantify in-
flammatory activity of the LCC and AoA, rather
than SUVmax. The latter measurement may be
more sensitive to changes; however, SUVmax is
not as representative of disease activity [36].
In contrast, SUVmean is a more sensitive and
specific measure of disease activity in vascular
inflammation than SUVmax. As such, the pres-
ent study utilizes a robust and reproducible
methodology for the assessment of vasculitis
in these patients.

Furthermore, this study examines only two
time-points: pre- and 3-months-post photon RT.
It would be beneficial to existing research to
perform a longitudinal *8F-FDG-PET/CT analysis
of LCC and AoA vasculitis in these patients to
assess the extent of vasculitis over time. Ad-
ditional analysis, including correlating post-RT
18F-FDG uptake to post-mortem histopathologi-
cal markers of vasculitis, would further add evi-
dence to the detrimental effects of photon
radiation [37].

Finally, this study does not separate the ef-
fects of radiation from the effects of chemo-
therapy, which may have influenced the results.
Additionally, chemotherapy may contribute to
renal damage, which may cause a decreased
glomerular filtration rate and resultant reduc-
tion in renal clearance of 8F-FDG [38]. However,
Akers et al. did not find a significantly affected
18F-FDG distribution in patients with a disrupt-
ed renal function [39]. Additionally, 8F-FDG-
PET/CT has demonstrated utility in the assess-
ment of leukemia treatment post-chemothera-
py, suggesting that inflammatory chemothera-
py effects are transient [40]. Finally, previous
studies have examined the inflammatory effe-
cts of RT despite concomitant chemotherapy
[41]. As such, we are confident that our results
demonstrate the adverse effects of RT rather
than chemotherapy. Moving forward, we antici-
pate additional studies to better characterize
the differential effects of photon RT and che-
motherapy.

Conclusion

We have demonstrated the potential applica-
tion of *8F-FDG-PET/CT for the diagnosis of radi-

71

ation-induced vasculitis of the LCC and AoA in
head and neck cancer patients. This study us-
ed volume-based parameters to quantify vas-
cular *¥F-FDG uptake pre- and post-photon RT,
revealing significant associations between pho-
ton RT and localized inflammation in the LCC
and AoA. Future evaluation in large-scale trials
would be useful for characterizing *8F-FDG-PET/
CT imaging in the diagnosis of photon RT-in-
duced vasculitis and its potential role in eluci-
dating toxicity benefits afforded by alternative
treatment therapies.

Disclosure of conflict of interest

None.

Address correspondence to: Mona-Elisabeth Revh-
eim, Division of Radiology and Nuclear Medicine,
Oslo University Hospital, Rikshospitalet, Postbox
4950 Nydalen, 0424 Oslo, Norway. Tel: +47 230-
70840; Fax: +47 23073837; E-mail: mona.elisa-
beth.revheim@ous-hf.no

References

[1] Gupta B, Johnson NW and Kumar N. Global
epidemiology of head and neck cancers: a con-
tinuing challenge. Oncology 2016; 91: 13-23.

[2] Kam MK, Leung SF, Zee B, Chau RM, Suen JJ,
Mo F, Lai M, Ho R, Cheung KY, Yu BK, Chiu SK,
Choi PH, Teo PM, Kwan WH and Chan AT. Pro-
spective randomized study of intensity-modu-
lated radiotherapy on salivary gland function
in early-stage nasopharyngeal carcinoma pa-
tients. J Clin Oncol 2007; 25: 4873-9.

[3] Eisbruch A, Harris J, Garden AS, Chao CK, Stra-
ube W, Harari PM, Sanguineti G, Jones CU,
Bosch WR and Ang KK. Multi-institutional trial
of accelerated hypofractionated intensity-mod-
ulated radiation therapy for early-stage oro-
pharyngeal cancer (RTOG 00-22). Int J Radiat
Oncol Biol Phys 2010; 76: 1333-8.

[4] Grover S, Swisher-McClure S, Mitra N, Li J, Co-
hen RB, Ahn PH, Lukens JN, Chalian AA, Wein-
stein GS, O’'Malley BW and Lin A. Total laryn-
gectomy versus larynx preservation for T4a
larynx cancer: patterns of care and survival
outcomes. Int J Radiat Oncol Biol Phys 2015;
92: 594-601.

[5] Houshmand S, Boursi B, Salavati A, Simone
CB 2nd and Alavi A. Applications of fluorode-
oxyglucose PET/computed tomography in the
assessment and prediction of radiation thera-
py-related complications. PET Clin 2015; 10:
555-71.

[6] Tribble DL, Barcellos-Hoff MH, Chu BM and
Gong EL. lonizing radiation accelerates aortic
lesion formation in fat-fed mice via SOD-in-

Am J Nucl Med Mol Imaging 2020;10(1):66-73


mailto:mona.elisabeth.revheim@ous-hf.no
mailto:mona.elisabeth.revheim@ous-hf.no

(7]

(8]

(9]

[10]

[11]

[12]

[13]

(14]

[15]

[16]

[17]

(18]

72

FDG-PET/CT in photon therapy-induced vasculitis

hibitable processes. Arterioscler Thromb Vasc
Biol 1999; 19: 1387-92.

Donnellan E, Phelan D, McCarthy CP, Collier
P, Desai M and Griffin B. Radiation-induced
heart disease: a practical guide to diagnosis
and management. Cleve Clin J Med 2016; 83:
914-22.

Okazaki T, Shinagawa S and Mikage H. Vascu-
litis syndrome-diagnosis and therapy. J Gen
Fam Med 2017; 18: 72-8.

Borja AJ, Hancin EC, Zhang V, Revheim ME and
Alavi A. Potential of PET/CT in assessing de-
mentias with emphasis on cerebrovascular
disorders. Eur J Nucl Med Mol Imaging 2020;
[Epub ahead of print].

Borja A, Werner T and Alavi A. Role of PET/CT
in vascular dementia. J Nucl Med 2019; 60:
1153-1153.

Twitchell S, Karsy M, Guan J, Couldwell WT and
Taussky P. Sequelae and management of radi-
ation vasculopathy in neurosurgical patients. J
Neurosurg 2018; 1: 1-9.

Kubota K, Yamashita H and Mimori A. Clinical
value of FDG-PET/CT for the evaluation of rh-
eumatic diseases: rheumatoid arthritis, poly-
myalgia rheumatica, and relapsing polychon-
dritis. Semin Nucl Med 2017; 47: 408-24.
Mehanna H, Wong WL, McConkey CC, Rahman
JK, Robinson M, Hartley AG, Nutting C, Powell
N, Al-Booz H, Robinson M, Junor E, Rizwanul-
lah M, von Zeidler SV, Wieshmann H, Hulme C,
Smith AF, Hall P and Dunn J; PET-NECK Trial
Management Group. PET-CT surveillance ver-
sus neck dissection in advanced head and
neck cancer. N Engl J Med 2016; 374: 1444-
54.

Subramaniam RM, Truong M, Peller P, Sakai O
and Mercier G. Fluorodeoxyglucose-positron-
emission tomography imaging of head and
neck squamous cell cancer. AJNR Am J Neuro-
radiol 2010; 31: 598-604.

Pankowska V, Malkowski B, Wedrowski M, We-
drowska E and Roszkowski K. FDG PET/CT as a
survival prognostic factor in patients with
advanced renal cell carcinoma. Clin Exp Med
2019; 19: 143-8.

Belhocine T, Blockmans D, Hustinx R, Vandevi-
vere J and Mortelmans L. Imaging of large ves-
sel vasculitis with 18FDG PET: illusion or reali-
ty? A critical review of the literature data. Eur J
Nucl Med Mol Imaging 2003; 30: 1305-13.
Scherr M, Trinka E, McCoy M, Krenn Y, Staffen
W, Kirschner M, Bergmann HJ and Mutzen-
bach JS. Cerebral hypoperfusion during carotid
artery stenosis can lead to cognitive deficits
that may be independent of white matter le-
sion load. Curr Neurovasc Res 2012; 9: 193-9.
Arthurs E, Hanna TP, Zaza K, Peng Y and Hall
SF. Stroke after radiation therapy for head and
neck cancer: what is the risk? Int J Radiat On-
col Biol Phys 2016; 96: 589-96.

(19]

[20]

(21]

[22]

(23]

[24]

(25]

[26]

(27]

(28]

Gallamini A, Zwarthoed C and Borra A. Positron
emission tomography (PET) in oncology. Can-
cers (Basel) 2014; 6: 1821-89.

Chalian H, O’'Donnell JK, Bolen M and Rajiah P.
Incremental value of PET and MRI in the evalu-
ation of cardiovascular abnormalities. Insights
Imaging 2016; 7: 485-503.

Maskery MP, Hill J, Cain JR and Emsley HCA.
The utility of FDG-PET/CT in clinically suspect-
ed paraneoplastic neurological syndrome: a
literature review and retrospective case series.
Front Neurol 2017; 8: 238.

Grubb W, Zheng Y, Bradley JD, Machtay M
and Dorth JA. Inflammatory changes within
the aorta wall following thoracic radiation for
NSCLC is measurable by FDG-PET/CT. Int J Ra-
diat Oncol Biol Phys 2017; 99: E457.

Naik HB, Natarajan B, Stansky E, Ahiman MA,
Teague H, Salahuddin T, Ng Q, Joshi AA, Krish-
namoorthy P, Dave J, Rose SM, Doveikis J, Play-
ford MP, Prussick RB, Ehrlich A, Kaplan MJ,
Lockshin BN, Gelfand JM and Mehta NN. Se-
verity of psoriasis associates with aortic vascu-
lar inflammation detected by FDG PET/CT and
neutrophil activation in a prospective observa-
tional study. Arterioscler Thromb Vasc Biol
2015; 35: 2667-76.

Kang MK, Kim CJ, Choo EH, Han EJ, Hwang BH,
Kim JJ, Kim SH, O JH and Chang K. Anti-inflam-
matory effect of statin is continuously working
throughout use: a prospective three time point
18F-FDG PET/CT imaging study. Int J Cardio-
vasc Imaging 2019; 35: 1745-53.

Leung AS, Rath TJ, Hughes MA, Kim S and
Branstetter BF 4th. Optimal timing of first
posttreatment FDG PET/CT in head and neck
squamous cell carcinoma. Head Neck 2016;
38 Suppl 1: E853-8.

Noij DP, Martens RM, Zwezerijnen B, Koopman
T, de Bree R, Hoekstra 0S, de Graaf P and
Castelijns JA. Diagnostic value of diffusion-
weighted imaging and 18F-FDG-PET/CT for the
detection of unknown primary head and neck
cancer in patients presenting with cervical me-
tastasis. Eur J Radiol 2018; 107: 20-5.
Bauckneht M, Ferrarazzo G, Fiz F, Morbelli S,
Sarocchi M, Pastorino F, Ghidella A, Pompo-
selli E, Miglino M, Ameri P, Emionite L, Ticconi
F, Arboscello E, Buschiazzo A, Massimelli EA,
Fiodoro S, Borra A, Cossu V, Bozzano A, Ibatici
A, Ponzoni M, Spallarosso P, Gallamini A, Buzzi
P, Sambuceti G and Marini C. Doxorubicin ef-
fect on myocardial metabolism as a prerequi-
site for subsequent development of cardiac
toxicity: a translational 18F-FDG PET/CT obser-
vation. J Nucl Med 2017; 58: 1638-45.
Boswijk E, Sanders KJC, Broeders EPM, de Ligt
M, Vijgen GHEJ, Havekes B, Mingels AMA, Wi-
erts R, van Marken Lichtenbelt WD, Schrauw-
en P, Mottaghy FM, Wilderger JE and Bucerius
J. TSH suppression aggravates arterial inflam-

Am J Nucl Med Mol Imaging 2020;10(1):66-73



[29]

[30]

[31]

[32]

[33]

[34]

73

FDG-PET/CT in photon therapy-induced vasculitis

mation - an 18F-FDG PET study in thyroid carci-
noma patients. Eur J Nucl Med Mol Imaging
2019; 46: 1428-38.

Jahangiri P, Kalboush E, Pournazari K, Seraj
SM, Neamaalla S, Werner T, Simone C, Alavi A
and Torigian D. The utility of FDG-PET/CT for
quantifying radiation-induced vasculitis. J Nucl
Med 2019; 60: 1345-1345.

Hickeson M, Yun M, Matthies A, Zhuang H,
Adam LE, Lacorte L and Alavi A. Use of a cor-
rected standardized uptake value based on
the lesion size on CT permits accurate charac-
terization of lung nodules on FDG-PET. Eur J
Nucl Med Mol Imaging 2002; 29: 1639-47.
Bural G, Torigian D, Basu S, Houseni M, Zhuge
Y, Rubello D, Udupa J and Alavi A. Partial vol-
ume correction and image segmentation for
accurate measurement of standardized up-
take value of grey matter in the brain. Nucl
Med Commun 2015; 36: 1249-52.

Chawluk JB, Alavi A, Dann R, Hurtig HI, Bais S,
Kushner MJ, Zimmerman RA and Reivich M.
Positron emission tomography in aging and de-
mentia: effect of cerebral atrophy. J Nucl Med
1987; 28: 431-7.

Vatsala A, AjayK K, Mavishettar G and San-
gam. A study of anatomical variations of the
common carotid arteries: a cadaveric study.
Int J Anat Res 2014; 2: 262-5.

Blomberg BA, Thomassen A, Takx RA, Hildeb-
randt MG, Simonsen JA, Buch-Olsen KM, Died-
erichsen AC, Mickley H, Alavi A and Hoilund-
Carlsen PF. Delayed (1)(8)F-fluorodeoxyglucose
PET/CT imaging improves quantitation of ath-
erosclerotic plaque inflammation: results from
the CAMONA study. J Nucl Cardiol 2014; 21:
588-97.

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Saboury B, Blomberg B, Gharavi M, Torigian D,
Akers S, Cheng G, Lim E and Alavi A. Dynamic
changes of blood pool activity in the arteries
and the veins over time on FDG-PET/CT imag-
es: implications of this observation in assess-
ing atherosclerotic lesions. J Nucl Med 2012;
53: 1855-1855.

Hgilund-Carlsen PF, Edenbrandt L and Alavi
A. Global disease score (GDS) is the name of
the game! Eur J Nucl Med Mol Imaging 2019;
46: 1768-72.

Bajocchi G and Cavazza A. Histopathology of
vasculitis. Reumatismo 2018; 70: 155-64.
Perazella MA. Onco-nephrology: renal toxi-
cities of chemotherapeutic agents. Clin J Am
Soc Nephrol 2012; 7: 1713-21.

Akers SR, Werner TJ, Rubello D, Alavi A and
Cheng G. 18F-FDG uptake and clearance in
patients with compromised renal function.
Nucl Med Commun 2016; 37: 825-32.

Kaya Z, Akdemir OU, Atay OL, Akylrek N, Pinarli
FG, Yenicesu | and Kogak U. Utility of 18-fluoro-
deoxyglucose positron emission tomography
in children with relapsed/refractory leukemia.
Pediatr Hematol Oncol 2018; 35: 393-406.
Jahangiri P, Pournazari K, Torigian DA, Werner
TJ, Swisher-McClure S, Simone CB 2nd and
Alavi A. A prospective study of the feasibility
of FDG-PET/CT imaging to quantify radiation-
induced lung inflammation in locally advan-
ced non-small cell lung cancer patients re-
ceiving proton or photon radiotherapy. Eur J
Nucl Med Mol Imaging 2019; 46: 206-16.

Am J Nucl Med Mol Imaging 2020;10(1):66-73



