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Abstract

Paragangliomas or chemodectomas are rare neuroendocrine tumours arising from neural crest germ cells located in
the sympathetic or parasympathetic system. They are generally benign but locally aggressive tumours. Surgery remains
the standard treatment, but for certain tumours that are inoperable or deemed non-resectable due to the patient's
general condition, the size of the tumour or local extension with intimate relationships with vascular-nerve structures,
radiotherapy may constitute an alternative and exclusive therapeutic option that proves effective.

The aim of our study was to evaluate the epidemiological, clinical, para-clinical and evolutionary results, in particular
local control and possible toxicities of exclusive irradiation of 6 cases of cervical paragangliomas judged to be
unresectable. This case serie, accompanied by a review of the literature, highlights current diagnostic and therapeutic
challenges in the management of cervical paraganglioma.
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1. Introduction

Paragangliomas represent a rare group of neuroendocrine tumors that are notably vascular and originate from neural
crest cells. They can develop anywhere along the craniospinal axis, from the skull base to the sacrum (1). Approximately
one-third of these tumors are inherited, with some cases occurring in association with familial syndromes such as
multiple endocrine neoplasia type 2 (MEN 2), von Hippel-Lindau disease, or neurofibromatosis type 1 (2). While nearly
two-thirds of paragangliomas arise within the adrenal gland, the extra-adrenal forms are most commonly reported in
the abdomen and thorax, and less frequently in the head and neck region (3). Within the head and neck, carotid body
tumors constitute the most frequent presentation (4). A significant proportion around 70-80% of head and neck
paragangliomas remain asymptomatic; however, based on their anatomical location, they may produce various clinical
manifestations, including a painless cervical mass, cranial nerve deficits leading to dysphagia or hoarseness, pulsatile
tinnitus, hearing impairment, or other issues affecting speech, swallowing, and airway function (5). Diagnostic
evaluation primarily relies on imaging techniques such as computed tomography (CT), magnetic resonance imaging
(MRI), and positron emission tomography (PET). Although these tumors are generally benign, their propensity to
compress adjacent vascular and neural structures often necessitates surgical intervention. When complete surgical
resection is not feasible due to patient-related factors or tumor localization, radiotherapy is considered, although the
aim is typically to achieve tumor stabilization or partial regression rather than complete resolution (6). Notably,
metastasis—defined as the spread of tumor cells to locations devoid of normal chromaffin tissue (including lymph
nodes, liver, bone, and lungs)—has been observed in fewer than 5% of carotid body paragangliomas (7). We report a
case series of 6 patients with non-resectable cervical paraganlioma treated exclusively with radiotherapy.
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2. Methods

A retrospective and analytical study was carried out on 6 patients with cervical paragangliomas collected in the
radiotherapy - brachytherapy department of the oncology hospital, Hassan Il University Hospital, Fez, over a period of
5 years, from January 2015 to December 2020.

3. Results

The mean age of the patients in our series was 55.5 years, with extremes ranging from 40 to 69 years. All six patients
were female, with no notable pathological or family history of paraganglioma.

There were 4 cases of unilateral carotid paragangliomas - One case of jugulo-tympanic paraganglioma (of the petrous
apex) - One case of tympanic paraganglioma. The average time to diagnosis was 21.6 months, with extremes ranging
from 3 months to 5 years.

All our patients presented with a painless cervical mass, no other symptoms were found.

All patients underwent a CT scan, which was supplemented by an MRI scan in 3 patients. The diagnosis was made on
the basis of the clinical and radiological work-up in 4 patients and on histological examination in the other 2.

All 6 cases had unresectable tumours, which led to exclusive radiotherapy with a total dose of 50 Gy in 25 fractions of 2
Gy each for 5 weeks. The average spread was 38 days. 3 patients received intensity modulated radiotherapy (IMRT),
while the other 3 received three-dimensional conformal radiotherapy.

Regarding the follow-up of the patient, a history and physical examination was planned every 3 months for 2 years, and
after that 2 times per year for 3 years and then, every 12 months. A head and neck scan was done after 6 months of the
end of radiotherapy then annually.

With a follow-up time of 5 years, the short- and medium-term evolution was without the appearance of radiotherapy-
related complications in four of our patients, two of whom suffered from grade I radiodermatitis associated with
otorrhoea and an intermittent right-sided otalgia appeared in the case of the patient with a tympanic paraganglioma
with a good evolution after appropriate symptomatic treatment.

Long-term evolution was marked by local control of tumour size in five of our patients (83%), with tumour progression
in only one patient where malignancy was suspected given the appearance of bronchial carcinoid.

4. Discussion

4.1. Epidemiology

Paragangliomas constitute an uncommon category of neuroendocrine tumors that are exceptionally vascular and
originate from neural crest cells. They may develop anywhere along the craniospinal axis—from the skull base to the
sacrum. Although nearly two-thirds of these tumors occur in the adrenal gland, extra-adrenal paragangliomas are most
frequently observed in the abdominal and thoracic regions, with a less common presentation in the head and neck area.
Head and neck paragangliomas (HNPGLs) are typically slow-growing, vascular neoplasms arising from paraganglial
cells associated with autonomic ganglia, with approximately 95% being non-secretory (Fig. 1). Current evidence
suggests that over 50% of paragangliomas are linked to hereditary syndromes (8), most commonly involving germline
pathogenic mutations in the genes encoding the succinate dehydrogenase (SDH) complex subunits. In sporadic cases,
tumors tend to be solitary, unilateral, and manifest in patients between 40 and 70 years old, whereas hereditary cases
are more frequently multifocal, prone to metastasis, and occur at a younger age (9).

4.2. Clinical prestation

Paragangliomas can be classified by their anatomical location into cervical lesions and those involving the temporal
bone. Cervical paragangliomas mainly include carotid body tumors (CBTs), glomus vagale tumors (GVs), and, less
commonly, paragangliomas of the cervical sympathetic chain. CBTs are the most prevalent subtype; they are generally
benign, originate from the carotid body (10), and are often incidentally discovered on imaging or present as a painless,
palpable, and occasionally pulsatile neck mass near the angle of the jaw. Symptoms may include hoarseness, dysphagia,
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or autonomic disturbances resulting from compression of cranial nerves IX (glossopharyngeal) and X (vagus). Glomus
vagale tumors, which usually arise along the vagus nerve—most commonly from its inferior ganglion—often present as
asymptomatic high-neck masses but may also be accompanied by pulsatile tinnitus and deficits involving cranial nerves
IX, X, XI (spinal accessory), and XII (hypoglossal) (10). Temporal bone paragangliomas are subdivided into glomus
jugulare tumors (GJs), which originate from the jugular bulb near the skull base, and glomus tympanicum tumors (GTs),
which develop in the middle ear cavity. These lesions most commonly cause pulsatile tinnitus and conductive hearing
loss (11); additional symptoms such as dysphonia, shoulder pain or weakness, dysarthria, and facial paralysis are more
suggestive of GJs rather than GTs (12). Classically, GTs are visualized as a reddish mass behind the tympanic membrane
that blanches upon pneumatic otoscopy (13).

4.3. Diagnosis and imaging

The diagnostic workup for paragangliomas depends on whether the tumor is secretory or non-secretory. Secretory
tumors require biochemical evaluation, whereas non-secretory HNPGLs are primarily diagnosed via imaging modalities
such as computed tomography (CT) and magnetic resonance imaging (MRI). Given their hypervascular nature,
paragangliomas typically exhibit pronounced contrast enhancement on CT and gadolinium enhancement on MRI. A
characteristic imaging finding is the presence of flow voids on spin echo sequences, which creates a “salt and pepper”
appearance (14). The imaging modality of choice is positron emission tomography (PET)/CT, which is valuable not only
for tumor characterization but also for detecting metastatic disease (15, 16). Ultimately, diagnosis is based on the
integration of clinical presentation, imaging results, and biochemical testing, with biopsy reserved for rare instances
where further confirmation is necessary. Histologically, paragangliomas demonstrate a Zellballen (nested) architecture;
the tumor cells are semi-epithelial with round, hyperchromatic nuclei, and mitotic figures are uncommon. There is
typically no mucin production or glandular formation, and while immunohistochemical staining confirms
neuroendocrine differentiation—with S100 protein staining observed in supporting cells—it is not mandatory for
diagnosis (17).

4.4. Management

The treatment strategy for head and neck paragangliomas must balance the risks associated with surgical
intervention—including potential cranial nerve deficits and other perioperative complications—against the tumor’s
impact on the patient’s quality of life. Surgical treatment is generally indicated when there is tumor progression or the
onset of new symptoms. In functional tumors, preoperative management may require a-adrenergic blockade (with the
addition of B-blockers if necessary). For resectable carotid body tumors (CBTs) in otherwise healthy patients, gross
total resection (GTR) remains the gold standard, as incomplete treatment can lead to local invasion and potential
metastasis (18). In cases of glomus vagale tumors (GVs), patients usually become symptomatic before presentation, at
which point observation is typically no longer an option. The extent of surgical resection in these patients is influenced
by factors such as age and overall health; for elderly yet fit individuals, a more conservative resection that preserves
cranial nerve function (or GTR with vocal cord medialization) may be preferred (19), while younger patients are
generally managed with GTR (20). Traditionally, glomus jugulare tumors (GJs) have been managed with GTR, achieving
high rates of tumor control despite considerable morbidity due to their lateral skull base location, proximity to lower
cranial nerves, local invasiveness, and high vascularity.

Radiotherapy (RT) has historically been used as an adjunct to surgery; however, in patients who are poor surgical
candidates, have recurrent disease, or present with unresectable tumors, RT can serve as a primary treatment to inhibit
tumor growth and delay the need for surgery (21). Given its potential for serious adverse effects—such as
osteoradionecrosis, secondary malignancies, and vascular ischemic events—RT is generally reserved for cases showing
tumor progression on serial imaging (22). Recent advancements in RT techniques have reduced associated morbidity,
thereby expanding its role as a viable alternative to surgery in select cases

5. Conclusion

In summary, head and neck paragangliomas represent a rare and heterogeneous group of neuroendocrine tumors that
pose significant diagnostic and therapeutic challenges. Advances in imaging modalities, particularly PET/CT, have
markedly improved diagnostic accuracy, while the integration of biochemical and histopathological assessments
continues to refine our understanding of these lesions. Although surgical resection remains the cornerstone of
treatment for resectable tumors, especially in cases of carotid body tumors, radiotherapy has emerged as a crucial
therapeutic option. In our patient cohort, radiotherapy was the primary treatment modality, demonstrating effective
tumor control while preserving quality of life, particularly in cases where surgery was contraindicated or carried high
risk. Moreover, the recognition of a substantial hereditary component, primarily linked to SDH gene mutations,
underscores the importance of genetic counseling and family screening. Future research should focus on optimizing
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multimodal treatment strategies, further elucidating the molecular underpinnings of paragangliomas, and refining
radiotherapeutic techniques to enhance outcomes. Collectively, these efforts will contribute to improved patient care
and a more nuanced understanding of paragangliomas in clinical practice.
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