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Abstract

BACKGROUND

Paragangliomas (PG) are rare neoplasms of neuroendocrine origin that tend to be
highly vascularized, slow-growing, and usually sporadic. To date, common treat-
ment options are surgical resection (SR), with or without radiation therapy (RT),
and a watch-and-wait approach.

AIM
To evaluate the local control and effectiveness of exclusive fractionated stereo-
tactic RT (FSRT) treatment in unresectable PG (uPG).

METHODS

We retrospectively evaluated patients with uPG (medically inoperable or refused
SR) treated with FSRT with a Cyberknife System (Accuray Incorporated, Sunny-
vale, California). Toxicity and initial efficacy were evaluated.

RESULTS

From May 2009 to January 2023, 6 patients with a median age of 68 (range 20-84)
were treated with FSRT. The median delivered dose was 21 Gy (range 20-30 Gy)
at a median isodose line of 75.5% (range 70%-76%) in 4 fractions (range 3-5
fractions). The median volume was 13.6 mL (range 12.4-65.24 mL). The median
cumulative biological effective dose and equivalent dose in 2-Gy fractions were 70
Gy and 37.10 Gy respectively. Site of origin involved were the timpa-nojugular
glomus (4/6), temporal bone, and cervical spine. In 1 of the 6 patients, the follow-
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up was insufficient; 5 of 6 patients showed a 5-year overall survival and 5-year progression-free survival of 100%.
We observed negligible toxicities during and after RT. The majority of patients showed stable symptoms during
follow-up. Only 1 patient developed spine metastases.

CONCLUSION
Our preliminary results on this small cohort of patients suggest that FSRT could be an effective and safe alternative
to SR.

Key Words: Unresectable paraganglioma; Fractionated stereotactic radiation therapy; Cyberknife; Neurosurgery; Metastasis
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Core Tip: Paragangliomas (PGs) are rare tumors with neuroendocrine origin. These lesions tend to be highly vascular and
embryologically arise from the extra-adrenal autonomic nervous system, located in the thoracic, abdominal, and head-neck
regions. PGs are usually sporadic, except in a few cases that are genetically determined by gene mutations. The clinical signs
and symptoms include pulsatile tinnitus, headache, hearing loss, vocal fold paresis, vertigo, lower cranial nerve palsies, and
tachycardias. Radiographic studies are pathognomonic in diagnosis. Treatment with fractionated stereotactic radiation
therapy can be an effective option for these lesions, especially in reserving facial nerve function.
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INTRODUCTION

Paragangliomas (PGs) are rare non-epithelial neoplasms of neuroendocrine origin, also known as chemodectoma, highly
vascular and represent 0.6% of all head-neck tumors[1,2]. They embryologically arise from the autonomic nervous system
extra-adrenal, in the thoracic, abdominal, and head-neck regions. 1%-3% of head-neck PGs are associated with cate-
cholamines secretion[3]. The common sites of origin include the vagus nerve (vagal PG), temporal area, including tym-
panic PG and jugular bulb PG, and carotid artery bifurcation. Furthermore, they can show an intracranial extension that
represents the main cause of death[4].

According to updated classification, PGs are not defined as “benign” or “malignant” but tumors of undetermined bio-
logic with metastatic potential (especially in lymph nodes, liver, and lung) and a tendency to local infiltration of
surrounding tissue such as bones or vessels[5]. PGs are usually sporadic, except in a few cases that are genetically de-
termined by constitutional mutations of the genes that encode for the succinate dehydrogenase enzymes (SDHD and
SDH)[6,7]. Patients with a genetic predisposition may present bilateral or even multifocal, recurrent PGs[8-10].

Depending on their location, size, and hormone activity, the clinical presentation may be extremely variable with
pulsatile tinnitus, headache, hearing loss, vocal fold paresis, vertigo, lower cranial nerve palsies, tachycardia and la-bile
blood pressure in catecholamine-secreting PGs. When the patient presents with classical symptoms related to cate-
cholamine excess, the biochemical screening usually includes the measurement of urinary and plasma catecholamines,
urinary fractionated metanephrines, plasma-free metanephrines, and urinary vanillylmandelic acid and other cate-
cholamine metabolites[11].

If the diagnosis of PGs is suspected, fine needle biopsy is not indicated, but radiographic studies are pathognomonic.
Computed tomography (CT) with contrast enhances these highly vascular PGs and can be utilized to define bone erosion
and any possible skull base involvement[12-14]. A complementary imaging modality is magnetic resonance imaging
(MRI) with gadolinium contrast that better demonstrates the relation of the PGs to the adjacent vessels. The PGs are
characterized by a “salt and pepper” pattern on T2-weighted MRI, due to the high-flow vascular voids within the
vascular tumor[15].

Digital subtraction angiography and 3D time-of-flight magnetic resonance angiography can detect flow dynamics and
vascular architecture with high sensitivity and specificity[16,17]. 18Ga-Dotatoc positron emission tomography (PET)-CT,
fluorodeoxy-glucose PET/CT, and I-123-metaiodobenzylguanidine single photon emission CT/CT can also be used for
detecting secreting PGs[18,19]. The classification of PGs is based on the extension of the tumor to surrounding anatomic
structures (Table 1). Fisch classification, Glasscock-Jackson, and Shamblin classification are widely used for temporal PGs
and carotid body tumors respectively[3,20-23].

For asymptomatic or elderly patients watch and wait approach is reasonable. For symptomatic patients, to date,
common treatment options are surgical resection (SR), embolization with or without surgical resection, radiation therapy
(RT), as definitive, adjuvant, or salvage therapy. SR represents the first-line treatment but, due to the proximity of the
tumor to critical neurovascular structures, it is often complicated especially in larger tumors[24-26].
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Table 1 Classification of paragangliomas

Glasscock-Jackson classification Fisch classification Shamblin classification
TPG JPG JPG Carotid PG
Type Small mass limited to  Involves jugular bulb, middle ~ Type A Limited to middle ear cleft Type Tumors are localized with minimal
1 the promontory ear, mastoid process 1 vascular attachments. These are easily
amenable to complete resection with
very little morbidity
Type Tumor completely Extends under canal, with or Type B Limited to the tympano- Type Tumors partially surround the
filling the middle ear without intracranial extension mastoid area; cortical bone 2 carotids. These are careful surgical
over jugular bulb intact excisions
Type Tumor filling middle  Extends into petrous apex with Type C Involving the Type Tumors encase the carotids. Surgical
ear and mastoid or without intracranial (C1-C2- infralabyrinthine 3 resection is difficult and may require
extension C3) compartment and petrous major vessel reconstruction

apex of the temporal bone

Type Further extension Extends beyond petrous apex ~ Type D Glomus jugular tumors with
4 through the EAC or into clivus or infratemporal (D1-D2- intracranial extensions
anteriorly to the fossa, with or without D3)
carotid artery intracranial extension

TPG: Tympanic paraganglioma; JPG: Jugular bulb paraganglioma; PG: Paraganglioma; EAC: External auditory canal.

When PGs are considered unresectable (uPG), alternative treatments are represented by subtotal resection in
association with RT (for residual, recurrent tumors or giant tumors) or RT alone. Several studies reported a significant
local control with acceptable toxicities in patients who underwent subtotal resection followed by RT or treated with RT
only[27-30]. RT treatment can be performed with a Cyberknife System (CK), Gamma Knife System (GKS), and linear
accelerator (LINAC)-based stereotactic radiosurgery (SRS) with single or multi-fractions schedules [fractionated
stereotactic RT (FSRT)][31-33].

SRS is usually performed when PGs measure less than 3 cm, whereas tumors that are larger or have a component of
extracranial spread are suitable for conventionally fractionated radiotherapy [external beam RT (EBRT)][12-14]. The aim
of our study is to evaluate the local control and effectiveness of exclusive FSRT treatment in uPG.

MATERIALS AND METHODS

The study was conducted at the Department of Radiation Oncology of the University of Messina, Italy. Patients were
retrospectively identified from the institutional register. Written consent was obtained from patients who were able to
communicate or from their next of kin if the patient couldn't provide consent. The techniques described are standard and
the data collection was retrospective, thus special Institutional Review Board approval was not required. This study was
performed according to the ethical standards of our Institutional Review Board and in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki and its later amendments.

The patients considered included those with PGs radiologically proven, age >18 years, and availability of complete
pre- and postoperative clinical and radiological data (contrast- CT scan, MRI, and angiography) for localization of the
tumors. The Glasscock-Jackson and Fisch classifications were used. To evaluate the facial nerve damage, the House-
Brackmann grading system was used. All patients received exclusive FSRT.

The pretreatment imaging consisted of a thin-section multiplanar reconstruction-gradient echo volumetric study
conducted on a Siemens Magnetom 1.5T MRI system (Siemens, Erlangen, Germany), performed with the following
parameters: Repetition time 9.7 ms, echo time 4 ms, matrix 200 x 256, flip angle 1, orientation sagittal. A multislice CT was
also performed using a multislice scanner, Siemens Sensation 16 (Siemens, Erlangen, Germany).

The Multiplan Treatment Planning System (Accuray Incorporated, Sunnyvale, California) was used for inverse
treatment planning. The gross target volume (GTV) was contrast CT and MRI-based and was defined according to the
radiological findings. Planning target volume (PTV) was created by defining a 1-mm margin to GTV.

The critical organs at risk (OARs) were outlined in the axial plane with a simultaneous display of contours on re-
constructed orthogonal images. OARs included: Normal brain, optic chiasm, brain stem, hypophysis, bilateral eyes and
lens, optic nerves, pituitary gland, and cochlea, cranial nerves, oral cavity, mandible, parotid gland, esophagus. The
characteristics of treatment are reported in Figure 1.

Treatment was delivered using a CyberKnife System (Accuray Incorporated, Sunnyvale, California), an image-guided,
frameless, LINAC-based, 6 MV radiosurgery system with Skull Tracking. The ray-tracing algorithm was routinely used
for non-isocentric beam delivery.

Clinical and radiologic follow-up with contrast-enhanced MRI T1-T2 weighted, proton density, and fluid-attenuated
in-version recovery sequences MRI, were obtained at three months and then every six months for two years followed by
yearly evaluations. We included the latest available follow-up in this analysis.
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Figure 1 The characteristics of treatment. A: Target definition and 3D dose distribution; B: Cyberknife treatment planning and dose-volume distribution.

Toxicity and initial efficacy were evaluated. The clinical status of the patients was classified using the Karnofsky
Performance Status before treatment and at the last follow-up; new neurologic deficits and any neurological event were
recorded separately. The revised NCI Common Terminology Criteria for Adverse Events, version 4.0 was applied to
evaluate radiotherapy-related toxicity. RECIST v1.1 criteria were used to evaluate response to treatment.
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Table 2 Patients characteristics

. Age Site of Fisch Glasscock-Jackson Volume Dose Isodose . .
Patients . . e Surgery 0 Fraction Pathogenesis
(yr) origin classification  classification (mL) (Gy) (%)
1 20 TPGs D 3 No 124 21 75 3 Sporadic
2 60 Cervical  \ \ No 20.2 20 77 5 SDHB mut
spine

3 68 JPG D 3 No 12.7 20 73 3 Sporadic

4 44 JPG C 2 No 14.5 21 76 3 Sporadic

5 84 JPG D 3 No 64.24 25 70 5 Sporadic

6 74 JPG D 3 No 10.99 30 825 5 Sporadic

TPG: Tympanic paraganglioma; JPG: Jugular bulb paraganglioma.

Table 3 Summary of patient outcome

Patients 0S8 (months) PFS (months) Response treatment
1 180 144 PD

2 156 9% PR

3 72 72 PR

4 72 72 PR

5 5 5 NA

6 6 6 PR

OS: Overall survival; PFS: Progression free survival; PD: Progression disease; PR: Partial response; NA: Not available.

RESULTS

From May 2009 to January 2023, 6 patients (4 females, 2 males) with a median age of 68 * 24.4 interquartile range (IQR)
(range 20-84) were treated with FSRT. Five of six patients had temporal PGs: In 4 patients, PGs originate from the
timpano jugular glomus and one from the temporal bone. Based on Glasscock-Jackson classification, temporal PGs were
type 3 (1/6), three jugular PGs were type 3 (3/6), and one type 2. According to Fish classification, 4 patients showed
grade D and 1 grade C. One patient had cervical spine PG. At the time of presentation, symptoms included cervical mass
with the displacement of critical structure and severe deficit of cranial nerves. Patients referred asymmetry of mouth (VII,
facial nerve, House-Brackmann grade 4), hearing loss (VII acoustic nerve), dysphagia (IX, glossopharyngeal nerve),
pulsatile tinnitus and swallowing difficulty (X, vagal nerve), and limited forehead movement mouth (XI, hypoglossal
nerve). Only 1 patient showed SDHB mutation. The characteristics of patients are summarized in Table 2.

The median delivered dose was 21 Gy * 3.75 IQR (range 20-30 Gy) at a median isodose line 75.5% + 3.25% IQR (range
70%-76%) in 4 fractions (range 3-5 fractions). The median volume was 13.6 mL * 6.3 IQR (ranging 12.4-65.24 mL). The
median cumulative biological effective dose (a/b 4.5) and equivalent dose in 2-Gy fractions were 70 Gy and 37.10 Gy +
2.76 IQR respectively.

The median follow-up was 72 months * 66.75 IQR. In 1 of the 6 patients, the follow-up was insufficient. The median
overall survival (OS) was 72 months + 111.75 IQR; the median progression-free survival (PFS) was 72 months * 66.75 IQR
5 of 6 patients showed a 5-year OS and 5-year PFS of 100%. We observed negligible toxicities during and after RT. Five
patients showed mild cranial nerve: 2 to the facial nerve (House-Brackmann grade 2), 1 to the vagal and hypoglossal cra-
nial nerves, and 1 to the acoustic and glossopharyngeal nerves. The majority of patients showed stable symptoms during
follow-up. Patient outcomes are summarized in Table 3. Only 1 patient developed spine metastases 12 years after FSRT. A
revision of the histopathological sample was required showing a malignant PG. The patient underwent re-irradiation
with proton therapy.

DISCUSSION

The management of PGs is controversial. The first option is represented by surgical resection, but it is associated with a
high complication rate as nerve damage, stroke, and bleeding, exacerbated by possible previous embolization[34-38]. RT
was widely studied as an alternative to surgery and has shown favorable results[39]. Both FSRT and SRS have been
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investigated and historically considered for recurrent or residual disease[40,41] including PGs, after subtotal resection
with high rates of local control[24-26].

SRS shows equal efficacy with lower toxicity rates than FSRT and is reasonable for PGs 3 cm or less in size[42-44].
Fatima et al[45], in their metanalysis, showed a pooled local control of 94.2% with no statistically significant difference in
local control between different techniques of SRS (CK, GKS, LINAC). The analysis comprises patients who underwent
both SR and embolization and subsequent RT, in a median volume of 8.4 mL and with a median dose of 15 Gy in 1-5
fractions[45].

Several studies showed an optimal local control with negligible toxicities delivering a single fraction in small lesions.
Principal methods of SRS include GKS and LINAC radiosurgery[46]. Patel et al[47] evaluated the quality of life in 26
patients treated with RT performed with GKS, alone or in adjuvant modality. The median radiation dose was 16 Gy in
PGs with a median tumor volume of 7090 mm?®. The study showed better outcomes in patients who underwent primary
SRS than adjuvant SRS[47].

Ehret et al[48] evaluated the efficacy of the SRS performed with CK in patients who had prior treatment, SR, or
embolization. Ehret et al[48] using a median dose of 16.5 Gy, with a median prescription isodose line of 70% achieved a 5-
year actuarial local control (LC) of 100% in PGs of 4.3 mL (median volume). Marchetti et al[31] delivered a median dose of
12 Gy (median isodose line was 78.6%) in PGs with a median volume of 3.6 mL with no radiological progression at the
site of the treatment.

For greater lesions, FSRT or EBRT are generally considered. Marchetti et al[31], in patients with greater lesions ( median
volume 16 mL), delivered a median dose of 25 Gy in 5 fractions at a median isodose line of 80%.

Tosun et al[49] delivered FSRT in 12 patients. The median dose of 24 Gy with a median isodose line of 75%. The median
tumor volume was 35.5 mL (range 5.3-113.8 mL). Of them, 7 underwent SR and according to Fisch classification 6 were
D2 and only 1 C1. Only 1 patient with D2 PGs had no SR and was treated with RT alone with a dose of 30 Gy in 10 frac-
tions with the Cyberknife System. In this study, with a median follow-up of 30 months, no acute or late toxicity related to
FSRT was observed and LC was 100%[49].

Another study reported a fractionated stereotactic treatment with CK in PGs with volume ranging from 0.84 to 69.3 cm®
(median volume of 4.64 cm®). Out of 36 patients, 12 with no prior treatment, received FSRT (volume ranged from 9.73 to
69.3 cm®). A patient with a volume of 69.3 cm® was treated with 25 Gy in 5 fractions; another PG of 42 cm® was divided
into two portions (intracranial and cervical) that received 24 Gy in 3 fractions respectively[50].

In a retrospective study, 81 PGs were treated by conventional EBRT in 25 fractions with a median dose of 45 Gy (range
41.4-68 Gy), of whom 60 were treated with exclusive RT and 21 had prior surgery. The median GTV and PTV were 30
cm?®. The 5-year and 10-year actuarial LC rates were 100% and 98.7% respectively. In this study, 5 patients showed grade 3
late toxicity and 2 patients developed secondary meningiomas[51].

There is no consensus to define PGs as “giant”. Main et al[30], in their case report, considered giant PG with a volume
of 93.553 cm® that was treated with only SR, whereas Lopez-Arcas et al[52] reported a case of combination treatment in
giant PG of a maximum diameter of 4 cm, removed surgically after embolization and treated with FSRT performed with a
coverage dose of 14 Gy at an isodose of 83%. Other studies evaluated the efficacy of RT in unresectable or bulky diseases
[53,54].

To the best of our knowledge, lack of data on the management of unresectable PGs due to high dimension or bone
infiltration. This is the latest analysis of the efficacy and feasibility of exclusive FSRT in unresectable paraganglioma using
aCK.

Here we report a case series of PG judged unresectable and treated with exclusive FSRT. The PGs volumes ranged from
12.4 to 65.24 mL. The treatment was delivered with a median dose of 21 Gy in 4 fractions using the CK. No acute and late
toxicities were observed. All patients had stable or improved clinical status and LC rates were comparable with literature
data. Characteristics of the analyzed studies are summarized in Table 4.

Table 4 Characteristics of the analyzed studies

: " Median
PGs ... Median dose Isodose Median .
Ref. Embolization 0 . Technique  volume (mL)/  Outcome
Resectable (Gy) (%) fractions .
size (cm)
Fatima et al[45]  Yes (NA) Yes (NA) 15 NA 1-5 CK-GKS- 8.4 mL 94.2% LC
LINAC
Patel et al[47] Yes (10/26)  Yes (1/26) 16 NA 1 GKS 7090 mL NA
Ehret et al[48]  Yes (20/53) Yes (8/53) 16.5 70 1 CK 4.3 mL 100% 5-year LC
Marchettietal ~ Yes (NA) No 12.6 78.6 1 CK 3.6 mL 33% LC (35 months)
B1]
25 80 5 16.1 mL
Tosun ef al[49] ~ Yes (NA) No 24 75 3 CK 35.5mL 100% LC
Lieberson etal  24/12 20 80 1-5 CK 4.64 mL 100% LC
[50]
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Dupinet al[51]  Yes (21/81) Yes (1/81) 25 \ 25 ) 30 mL 100% 5-year LC; 98.7%
No (60/21) machine/ 10-year LC
LINAC
Main et al[30] Yes (1/1) Yes (1/1) \ \ \ \ 93.553 mL NA
Lopez-Arcas et Yes (1/1) Yes (1/1) 14 2 CK 4 cm NA
al[52]
This study No No 21 75.5 4 CK 13 mL 100%

PG: Paragangliomas; NA: Not available; CK: Cyberknife System; GKS: Gamma Knife System; LINAC: Linear accelerator; LC: Local control.

The present study has several limitations; the small series of patients does not allow to perform powered statistical
analyses and the minimum follow-up period is too short to evaluate long-term recurrent. Therefore, our results must be
confirmed by studies with larger patient sizes and longer follow-ups.

CONCLUSION

In conclusion, despite the limitation of the study, our results suggest that exclusive FSRT could be an effective and safe
alternative when SR is excluded.
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