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ABSTRACT

INTRODUCTION: The efficacy of Gamma Knife surgery (GKS) in local tumor control of 
non-secreting paragangliomas (PGLs) has been fully described by previous studies. However, 
with regard to secreting PGL, only one previous case report exists advocating its efficacy at a 
biological level. CASE REPORT: The aims of this study were: 1) to evaluate the safety/efficacy 
of GKS in a dopamine-secreting PGL; 2) to investigate whether the biological concentrations 
of free methoxytyramine could be used as a marker of treatment efficacy during the follow-up. 
We describe the case of a 62-year-old man diagnosed with left PGL. He initially underwent 
complete surgical excision. Thirty months after, he developed recurrent biological and neuro-
radiological disease; the most sensitive biomarker for monitoring the disease, concentration 
of plasma free methoxytyramine, started to increase. GKS was performed at a maximal mar-
ginal dose of 16 Gy. During the following 30 months, concentration of free methoxytyramine 
gradually decreased from 0.14 nmol/l (2*URL) before GKS to 0.09 nmol/l, 6 months after 
GKS and 0.07 nmol/l at the last follow-up after GKS (1.1*URL), confirming the efficacy of 
the treatment. Additionally, at 30 months there was approximately 36.6% shrinkage from the 
initial target volume. CONCLUSION: The GKS treatment was safe and effective, this being 
confirmed clinically, neuroradiologically and biologically. The case illustrates the importance 
of laboratory tests taking into account methoxytyramine when analyzing biological samples 
to assess the biochemical activity of a PGL. In addition, the identification of methoxytyramine 
as a unique positive biomarker could designate it for the monitoring of tumor relapse after 
treatments, including Gamma Knife surgery.
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Case report
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Introduction

Paragangliomas (PGLs) are neuroendocrine tumors, 
slow growing and arising principally in the head and 
neck. In 1-2% of cases they comprise functional, 
secreting catecholamines entities.1 Considered gener-
ally benign, they however include 1-5% malignan-
cies.2 Due to their topography and local invasion of 
surrounding structures, they are associated with a 
complexity of clinical signs and symptoms (head-
ache, pulsatile tinnitus, lower cranial nerve palsies). 
Therefore, their treatment remains challenging and 
includes a variety of alternatives, including surgical 
resection, embolization and radiotherapy. Stereotactic 
radiosurgery has recently emerged as a non-invasive 
alternative for the treatment of head and neck PGL, 
demonstrating high rates of local tumor control and 
symptoms with  by minimal associated morbidity.3-7

Functional PGLs secreting catecholamines are 
rather rare entities. Hypertension is present in 95% 
of them.8 While the sensitivities reported in patients 
with catecholamine-secreting PGLs are 74% for urine 
total metanephrines, 84% for norepinephrine, 18% 
for dopamine and 14% for epinephrine, unfortu-
nately no sensitivity has thus far been reported for 
methoxytyramine.8 However, it appears that free 
methoxytyramine is virtually absent in plasma and 
any presence is associated with an intratumoral me-
tabolism of dopamine into its O-methoxylated form, 
methoxytyramine by catechol-O-methyltransferase 
(COMT).8

In the rare setting of functional PGLs, only one 
case report of radiosurgical treatment has to date 
been published.3 

We present the case of an adult male with a recurrent 
dopamine-secreting PGL, biochemically monitored by 
measuring urine and plasma free methoxytyramine, 
that was treated successfully with GKS for a post-
surgical recurrence. The tumor was not producing 
normetanephrine nor metanephrine.9

Case report

Initial presentation and work-up
A 62-year-old man was referred to an otolaryngolo-

gist in July 2004 for investigation of a left cervical 
mass. After a clinical examination, the otolaryngolo-

gist considered the mass to be a lipoma and no biopsy 
was performed. No other investigation was performed 
for the next 4 years.

In April 2008, the patient complained of cervical 
pain and noted an increase of the cervical mass. His 
general practitioner ordered a computed tomography 
scan of the neck that revealed a hypervascular 3.5 x 
3.8 cm mass in the left carotid region. A fine-needle 
aspiration biopsy was not conclusive and showed 
only hemorrhagic material.

In May 2008, a magnetic resonance (MR) imaging 
scan with MR angiography sequences was carried 
out, which showed a 4 x 4x 4.7 cm left latero-cervical 
strongly contrast-enhancing mass posterior to the 
carotid artery. His medical history was significant for 
an arterial hypertension diagnosed in June 2002 and 
treated by an angiotensin II receptor blocker (ARB) 
and a thiazide diuretic, but no specific symptoms 
suggestive of catecholamine excess were reported. 
The patient was scheduled for surgical removal of 
the mass.

A 123I-Meta-iodobenzylguanidine (123I-MIBG) 
scintigraphy did not reveal uptake through norepi-
nephrine transporters, a feature previously reported for 
dopamine-secreting tumors, probably due to the ab-
sence of the vesicular monoamine transporter VMAT.1 
18F-fluoro-D-glucose Positron Emission Tomography 
(FDG-PET) confirmed the localization of the known 
mass, which had an increased FDG uptake but did not 
invade other tissues. PET also revealed a centrimetric 
left jugular lymph node and multiple bone lesions in 
the thoracic and lumbar spine, all without increased 
uptake. Findings on a subsequent bone scintigraphy 
and a total-body MR imaging were not compatible 
with metastatic lesions.

In August 2008, the patient underwent a gross 
total resection of the mass. Blood pressure and heart 
rate were unremarkable throughout the surgical pro-
cedure, confirming that the tumor was not secreting 
vasoactive bioamines and peptides since no changes 
of blood pressure or heart rate were observed as is 
the case in the surgical removal of pheochromocy-
tomas. The arterial hypertension still persisted after 
tumor removal and was adequately controlled by an 
ARN and a thiazide diuretic, this being indicative 
of essential hypertension. The histopathological ex-



108	 C. Tuleasca ET AL

(URL<0.06) and low urine methoxytyramine at 1211 
nmol/24 hr (URL at 1900). In February 2011 (2 years 
and a half after surgery), urinary and plasmatic levels 
of methoxytyramine were measured and started to 
increase (1393 and 0.10, respectively). A new FDG-
PET was compatible with a recurrence of the PGL 
in the region of the left carotid and also revealed a 
lesion in the vocal chords with increased uptake. A 
MR confirmed a 1.7 x 1 x 1.2 cm lesion, situated in 
the left retrosytloid parapharyngeal space, which was 
hyperintense on T2, but no other lesions. Therefore, 
a neuroradiological and biochemical recurrence was 
diagnosed.

The anatomical location of the recurrent tumor, 
and particularly its close proximity to the internal 
carotid artery, represented a high surgical risk in 
the event of a new open microsurgical intervention. 
After multidisciplinary discussion regarding surgi-
cal or radiation management, a GKS treatment was 
decided upon.

Radiosurgical salvage therapy  
and postoperative course

Gamma Knife surgery was performed in December 
2011, after placement of the stereotactic Leksell Frame 
type G, with the Leksell Gamma Knife Perfexion® 
(Elekta Instruments, AB, Sweden) (Figure 1a). The 
lesion size was 20 mm (lateral), 19 mm (antero-pos-
terior) and 42 mm (vertical) at the time of GKS. The 
target volume was 6.64 cc. The maximum marginal 
dose was 16 Gy at the 50% prescription isodose. The 
prescription isodose volume was 9.79 cc. The con-
formity, the selectivity, the Paddick and the gradient 
index were 1, 1.694, 1.694 and 3.122, respectively. 
Eighteen isocenters were used (including composite 
ones). The dose gradient was optimized towards the 
interface with the ipsilateral internal carotid artery 
and also towards the jugular foramen, as the tumor 
was infiltrating the former.

The follow-up course included regular clinical, 
biochemical and neuroradiological assessment. The 
latest available information after GKS was at 30 
months.

Seven months after GKS, no new symptom was 
present. There was persistent partial palsy of the left 
11th and 12th nerves. Biochemically, the urinary and 

amination of the tumor confirmed the diagnosis of 
PGL. The tumor margins reached the resection area 
on many sites and tumoral cells presented a marked 
pleomorphism with few mitoses (one mitosis per 10 
fields at high magnitude).

The possibility of a biochemically functional tumor 
was evaluated by 24-hour urine and plasma measure-
ments for metanephrines and catecholamines. A urine 
specimen collection was also performed.

Surgical intervention and initial surveillance
The urine collection showed elevated concentra-

tions of nmol/24h methoxytyramine at 10880 (Upper 
Reference Limit, URL <1900) and a relatively high 
concentration of dopamine but still within the nor-
mal range at 3222 (URL <3300). Similarly, plasma 
free and total methoxytyramine and dopamine were 
increased to 2.78, 26.90 and 20.46 nmol/L (URL 
<0.06, 2.99 and 0.38, respectively). Norepinephrine 
and epinephrine and their methoxylated metabolites 
were within their respective reference intervals in urine 
and plasma.9 Routine blood analysis was unremark-
able. A new 24h urinary sample confirmed increased 
levels of methoxytyramine at 12704 and dopamine at 
3547 nmol/24h. Genetic testing for mutations of the 
succinate dehydrogenase genes SDHD and SDHB 
was negative.

A piece of tumor tissue was used for biochemical 
analysis and demonstrated an abundant production of 
dopamine and methoxytyramine (25.3 and 6.4 pmol/mg 
of wet tissue, respectively), along with low amounts of 
norepinephrine and epinephrine (0.87 and 0.87 pmol/
mg) and of normetanephrine and metanephrine (0.04 
and 0.4 pmol/mg), indicative of decreased expres-
sion of dopamine beta-hydroxylase, the enzyme that 
transforms dopamine into norepinephrine.

The patient recovered and 5 days post-surgery 
biochemical evaluation showed catecholamines and 
metabolites within normal ranges, as they remained 
during the last 2.5 years of the patient’s annual follow-
up. A left Claude-Bernard-Horner syndrome, with 
additional partial palsy of the left  11th and 12th 
nerves, had marked the clinical postsurgical course.

The biological sample analyzed in July 2010 (2 
years after surgery) showed a concentration of plasma 
free methoxytyramine below the URL at 0.05 nmol/l 
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plasmatic levels of catecholamines were discretely 
diminishing. Neuroradiologically, there was stability 
of the tumor size and aspect. 

The patient underwent surveillance imaging, serol-
ogy and clinical assessment at 19 and 30 months after 
salvage radiosurgery and remained clinically stable 
and without new neurologic deficits. Biochemically, 
the plasmatic concentration of free methoxytyramine 
gradually declined from 0.14 nmol/l (2*URL) before 
GKS to 0.07 nmol/l 30 months after GKS (1.1*URL), 
confirming the efficacy of the treatment (Table 1 and 

Figure 1. T1 weighted MR imaging with Gadolinium in the coronal plane, at the moment of GKS (a) and 30 months after (b), showing 
shrinkage of the PGL. The tumor is enclosed by the 16 Gy (50%) isodose line.

Table 1. Measured plasma free and urine methoxytyramine concentrations during monitoring of the disease, urinary levels, nmol/24h

Date Plasma free methoxytyramine Urine methoxytyramine

July 2008 (Before surgery) 2.78 12704
September 2008 (Immediate post surgery) <0.03 617
July 2010 (16 months before GKS ) 0.05 1211
February 2011 (10 months before GKS) 0.10 1393
March 2011 (9 months before GKS) 0.14 1803
June 2012 (6 months post-GKS) 0.09 1271
June 2013 (18 months post-GKS) 0.06 1329
June 2014 (30 months post-GKS) 0.07 1232

Figure 2). Furthermore, their urine concentration from 
1803 (before GKS) was decreased to 1232 nmol/l (at 
30 months after GKS), a 31.7% decline compared 
to pre-surgical values (Figure 2). The MR already 
showed shrinkage of the tumor at 19 months, which 
persisted over time (Figure 1b). At the last MRI, the 
remnant tumor volume measured 4.21 cc, which 
corresponded to a shrinkage of approximately 36.6% 
from the initial target volume (as calculated in the 
Leksell GammaPlan station, Elekta Instruments, AB, 
Sweden, the same as for the measurement of the initial 
GKS target volume).
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In this context, the need for minimally invasive 
therapies appeared. Embolization is not considered 
curative due to formation of anastomotic blood ves-
sels and is recommended only as a preparation for 
surgery.16 Meanwhile, external-beam radiotherapy 
presents the risk of serious complications due to large 
fields size, as suggested by Li et al.17

Gamma Knife surgery emerged as an alternative 
during the last decade due to its minimal invasiveness 
and local tumor control rates comparable to surgical 
strategies, while preserving or even improving cranial 
nerve function.4-6,18

Recently it has been reported that functioning 
PGLs also respond to stereotactic radiosurgery, and 
in particular to GKS, at both the biochemical and 
neuroradiological level.3 In addition, previously pub-
lished papers have suggested that conventional doses 
and techniques of radiotherapy are not sufficient to 
adequately control these particular and rare cases.19-21

Functioning PGLs are very rare in the head and neck, 
although they are known to display neuroendocrine 
activity through secretion of catecholamines.10,22 The 
sensitivities reported in patients with catecholamine-
secreting PGLs are 74% for urine total metanephrines, 
84% for norepinephrine, 18% for dopamine and 14% 
for epinephrine, but unfortunately no sensitivity has 
as yet been reported for methoxytyramine.8 A recent 
study on a cohort of 136 patients with PGLs showed 
catecholamines secretion only in 23%.23 The isolated 
secretion of methoxytyramine by PGLs is limited to 

Figure 2. Plasma concentration (left panel) of free methoxytyramine gradually declined from 0.14 nmol/l (2*URL) before GKS to 0.07 
nmol/l and 30 months after GKS (1.1*URL); its urine concentration (right panel) decreased from 1803 (before GKS) to 1232 nmol/l 
(at 30 months after GKS), a 31.7% change compared with the values before GKS.

Discussion

Head and neck PGLs arise mostly sporadically, 
but they can also be familial (10-15% of cases).10 
They can be found in 3 main areas: most commonly 
around the bifurcation of the common carotid artery, 
less commonly within or along the inferior nodose 
ganglion of the 5th cranial nerve and, lastly, also along 
the branches of 4th and 5th nerve, in close associa-
tion with the temporal bone, primarily in and around 
the jugular foramen (these latter known as glomus 
jugular tumors or chemodectoma). Glomus jugular 
tumors are extremely rare, with an incidence of about 
1 in 30,000 in the healthy population, representing 
0.0012% of all tumors diagnosed in humans.7 They 
are usually slow growing, with a mean growth rate 
of 0.8 to 1 mm per year.11 Glomus jugular tumors 
are highly vascular tumors; they grow expansively, 
eroding the jugular foramen and the petrous bone 
and they commonly gain access to the subarachnoid 
space by penetrating the dura of the posterior fossa 
or, less commonly, the middle fossa.12

The first surgical excision for this type of tumor 
was performed in 1945 by Rosenwasser.13 During the 
last few decades, progress in the surgical treatment of 
these tumors has been marked by some controversy 
due to significant morbidity associated with complete 
surgical excision,12,14 including up to 59% postopera-
tive cranial nerve deficits.12 In subtotal resections, as 
reported by several studies, up to 15% recurrences 
are reported.12,14,15
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8-13 % of these tumors.23,24 Thus, the tumors under 
discussion represent a real challenge for biochemical 
diagnosis, since medical laboratories usually do not 
report dopamine and its methoxylated derivative in 
plasma and urine samples. Therefore, chromatograms 
must be carefully inspected in order not to miss the 
diagnosis. In the present case, urinary dopamine ap-
peared initially, at diagnosis, to be negative in one 
sample and slightly above the URL in a second sample, 
contrasting with the clear-cut increases above URL 
of plasma free (46-fold) and total methoxytyramine 
(9-fold), urine methoxytyramine (6-fold) and plas-
ma dopamine (54-fold), in agreement with previous 
observations.23,24 Urinary dopamine deriving from 
renal extraction and decarboxylation of circulating 
3,4-dihydroxyphenylalanine, found in certain kinds 
of foods and herbs, and by L-DOPA treatment is 
common in patients treated for Parkinson’s disease, 
thus leading to false positive results.25 The higher 
diagnostic sensitivity of methoxytyramine for HNPGL 
is due to the fact that this tumor expresses catechol-
O-methyl-transferase, an enzyme that O-methylates 
intra-tumoral dopamine into methoxytyramine. 

Conclusion

The present case illustrates the important need 
for laboratory tests to take into account methoxyt-
yramine when analyzing biological samples to assess 
the biochemical activity of a PGL. In addition, the 
identification of methoxytyramine as being the only 
positive biomarker in such patients could designate it 
as a valuable biomarker for the monitoring of tumor 
relapse.

The GKS treatment was safe and effective, which 
was confirmed clinically, neuroradiologically and 
biochemically. To the best of our knowledge, this is 
the first report using methoxytyramine for the bio-
logical follow-up course of the treatment.
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