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In this study, we evaluated the diagnostic yield of somatostatin
receptor scintigraphy (SRS), I-metaiodobenzylguanidine (MIBG)
scintigraphy, and morphologic imaging (CT or MRI) in patients
with head and neck paragangliomas. Methods: In a university
hospital setting, patients considered to have head and neck
paraganglioma were referred to the outpatient endocrinology
department and underwent CT or MRI, SRS, and MIBG imaging.
For validation, we used a composite reference standard consist-
ing of clinical and histologic data and CT or MRI, with which SRS
and MIBG imaging were compared. Urinary metanephrine and
normetanephrine measurements were also obtained. Results:
Twenty-nine consecutively referred patients (17 women and 12
men) were included and were found to have paraganglioma.
Both morphologic and SRS were positive in 27 patients (sensitiv-
ity, 93%, and 95% confidence interval [Cl], 77 %-98%, compared
with the composite reference standard), whereas MIBG was pos-
itive in only 13 patients (44%; 95% ClI, 23%-61%) (P < 0.001,
compared with SRS). On a lesion-based analysis, morphologic
imaging detected 31 lesions (sensitivity, 82%; 95% CI, 65%-
92%), SRS detected 34 (89%; 95% ClI, 75%-97%), and MIBG
detected 15 (42%; 95% Cl, 26%-59%). SRS was superior to
MIBG (P = 0.001). With SRS, a previously unknown carcinoid tu-
mor was detected in 1 patient, and a carcinoid was suspected in
another patient. MIBG detected an additional adrenal pheochro-
mocytoma in 1 patient. Urinary metanephrine or normetaneph-
rine excretion was elevated in 6 patients. The number of lesions
on SRS and MIBG per patient correlated with the levels of abnor-
mal metanephrine or normetanephrine excretion (P = 0.005 and
P = 0.02, respectively). Conclusion: SRS was superior to MIBG
in patients with highly suspected head and neck paraganglioma.
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Paragangliomas, rare tumors that originate from the
paraganglia of the autonomous nervous system, constitute
approximately 0.6% of head and neck tumors (/). These
tumors most commonly are associated with the parasympa-
thetic nervous system along the cranial nerves and the arte-
rial vasculature and can be present from the skull base to the
aortic arch (2). Approximately 90% of paragangliomas are
benign. Furthermore, paragangliomas can arise in multiple
locations, particularly in patients with succinate dehydroge-
nase subunit B, C, or D germline mutations (SDHB, SDHC,
and SDHD, respectively) (2—4). In most cases, conventional
imaging methods, such as CT and MRI, combined with
arteriography can confirm the diagnosis of a paraganglioma.
Nevertheless, radiologic data may not be sufficient to char-
acterize lesions. Many tumors are not accessible for biopsy
because of the risk of neurologic complications and the highly
vascular nature of paragangliomas (5). Thus, other tech-
niques may be helpful to confirm a diagnosis of paragan-
glioma and to disclose whether such tumors are multifocal.

As with most other neuroendocrine tumors, somatostatin
receptor scintigraphy (SRS) can be used for visualization of
these paragangliomas (6). In addition, these tumors are able
to take up and decarboxylate amino acid precursors (7). In
approximately 30% of all paragangliomas, the catechol-
amine pathway is active (8). In this pathway, the amino acid
phenylalanine is metabolized to dopamine, adrenalin, and
noradrenalin. As a noradrenalin analog, metaiodobenzylgua-
nidine (MIBG), which is most commonly labeled with either
1231 or 1311, is a radiopharmaceutical that is taken up by the
noradrenalin transporter. The combination of an active cat-
echolamine pathway and the presence of uptake mechanisms
for catecholamine metabolites enables the use of MIBG for
visualizing paragangliomas (9).

The diagnostic yield of SRS and MIBG for the visualiza-
tion of head and neck paragangliomas has been determined in
several studies, but a direct comparison has been made in
only few patients (5,6,8—10), The present study was specif-
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ically initiated to compare the diagnostic sensitivity of SRS
with MIBG scintigraphy in a group of patients with head and
neck paragangliomas and also included an analysis of the
performance of CT or MRI. These imaging results were
compared with a composite reference standard, which con-
sisted of clinical findings, morphologic imaging results, and
histologic and follow-up data if available. The secondary aim
of this study was to assess the relationship between cate-
cholamine production of paragangliomas and tracer uptake,
in the expectation that a better understanding of this rela-
tionship could improve the selection of patients for specific
imaging studies.

MATERIALS AND METHODS

The study was performed in a university hospital setting, which
served as a tertiary reference center for the northern part of The
Netherlands. All patients included in this series were initially
referred to the department of ear, nose, and throat diseases of the
UMC Groningen. They were considered to have a head and neck
paraganglioma on the basis of their own complaints and the local-
ization and radiographic appearance of the tumor or had a histo-
pathologically proven head and neck paraganglioma with a clinical
indication for restaging. In most cases, part of this work-up had been
completed at the referring hospital. All patients were referred to the
outpatient endocrinology clinic for an additional work-up and
underwent a diagnostic protocol including SRS, MIBG, and CT or
MRI of the head and neck region, as well as biochemical analysis.
This protocol was completed within 3 mo in all patients. Consec-
utive patients, who were evaluated between January 1993 and
January 2007, were prospectively included in the present analysis,
except for patients younger than 18 y and those who were pregnant.
Imaging methods were undertaken in random order. After comple-
tion of the work-up, results were discussed in multidisciplinary
meetings and patients requiring surgery were operated on by ear,
nose, and throat specialists.

SRS

Twenty-four hours after administration of 200 MBq of !!!In-
octreotide (OctreoScan; Mallinckrodt), planar total-body scans (4
spot views of 10 min in a 128 matrix and side views of the head
and neck) were obtained using a large-field-of-view double-head
v-camera (MULTISPECT 2; Siemens Inc.) with a medium-energy
all-purpose collimator. System resolution was 12 mm in full width
at half maximum at a 10-cm distance. Both the 173- and the 247-
keV photopeaks of 'In were used (15% windows for each). In
addition, in some patients SPECT acquisition and processing were
performed by taking 64 projections (2 X 32; 5.6° for each 30-s step
in a 128 X 128 matrix). The total scan procedure took about 60
min. Transaxial tomograms were reconstructed without prefilter-
ing with a Butterworth cutoff filter frequency of 0.35. When
necessary because of interfering bowel activity, additional 48-h
images were recorded. This scanning protocol was performed
according to Dutch guidelines (11).

MIBG Imaging

Fifteen minutes after administration of 10 drops of Lugol’s
solution (to prevent thyroid uptake of possibly formed free '231),
200 MBq of '23I-MIBG were administered. Twenty-four hours later,
planar total-body scans (4 spot views of 10 min in a 256 matrix) were
acquired using the same y-camera as for the SRS scan. A medium-
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energy all-purpose collimator was used, and the 158-keV photopeak
was registered using a 15% window. In addition, a SPECT acqui-
sition was done using the same specifications as described for SRS.
Transaxial tomograms were reconstructed without prefiltering with
a Butterworth cutoff filter frequency of 0.2-0.4, and attenuation
correction was performed with a Chang’s attenuation coefficient of
0.11 cm~ L. Because of the interval of at least 1 wk that elapsed
between scans, no interference between the tracers was expected.
This scanning protocol also followed Dutch guidelines (12).

CT

CT (1- to 16-slice scanner; Siemens Medical Systems) was
performed before and during intravenous contrast enhancement using
3- to 10-mm-thick slices. The CT scan covered the head and neck area
of all patients and any additional body region in which lesions were
suspected. These CT scans were interpreted by dedicated specialists
as part of routine patient care. At the time of data analysis, the
investigators again reviewed the results, and in discrepant cases a
consensus was reached after multidisciplinary discussion.

MRI

MRI was performed on a 1.5-T scanner (Vision; Siemens). The
imaging protocol included standard spin-echo T1-weighted scans
(repetition time [TR]/echo time [TE], 700/14), proton-density
scans, and T2-weighted scans (TR/TE/second TE, 2,500/20/90) A
spin-echo technique was used to obtain 5-mm contiguous
3-dimensional sections of the abdomen. T1-weighted images
(TR/TE, 700/14) and T2-weighted images (TR/TE, 2,500/20/90)
were obtained. T1-weighted images were also acquired after the
intravenous administration of gadolinium-DTPA (0.2 mL/kg of
body weight, Magnevist; Schering).

Image Interpretation

Because our diagnostic protocol was performed over a consider-
able period, improvements in diagnostic equipment arose for all
modalities during the course of the study. However, basic detection
principles did not change, and possible bias due to changes in
equipment was assumed to be small. All SRS and MIBG scans were
read twice. The first assessment was directly after the image recon-
struction as part of patient care; the second was at the time of data
analysis, and other imaging and biochemical information was
masked. For both tracers, the number and location of lesions were
scored. In addition, for each lesion, an uptake grade was assigned (0,
no uptake [a cold spot]; 1, lesion uptake = background uptake; 2,
lesion uptake > background uptake; 3, lesion uptake >> background
uptake). Background was defined as uptake in normal neck muscu-
lature. In this way, a semiquantitative uptake score was established
grading the amount of whole-body tumor uptake for both tracers.
Lesions were considered positive for tumor if the uptake was at least
2 and could not be attributed to normal physiologic processes.

Composite Reference

As a composite reference standard for the presence of tumor
lesions, we used all available cytologic, histologic, and imaging
results, as well as follow-up data. We consider this approach to be
optimal, because cytologic and histologic verification of all lesions is
not feasible (/3—16). Lesions were considered positive for tumor
when imaging showed an abnormal mass, when clinical work-up
produced a strong suspicion of paraganglioma (e.g., a visible tumor
mass in the external auditory canal on otoscopy), or when histologic
findings indicated paraganglioma. In many patients, histologic con-
firmation of all lesions was neither feasible nor justifiable. In cases of
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additional findings on SRS or MIBG imaging, these were verified
with CT, MRI, '3F-3,4-dihydroxyphenylalanine (DOPA) PET, bone
scintigraphy, surgery, or follow-up whenever possible.

Biochemical Measurements

In each patient, three 24-h urine collections were obtained to
document metanephrine and normetanephrine excretion. Biochem-
ical results were classified as abnormal when the average value of
these 3 measurements was elevated. Metanephrine levels of more
than 99 pmol/mol of creatinine and metanephrine levels of more
than 260 pmol/mol of creatinine were considered abnormal. Bio-
chemical analysis was performed as described previously (/7-19).

Data and Statistical Analysis
Analysis was performed at 2 levels. At the first level, individual
patients were analyzed. Image findings were considered positive when

at least 1 lesion in a patient was considered positive. At the second
level, individual lesions were counted for all imaging modalities.

Sensitivities were calculated using the composite reference
standard and were compared using paired observations and the
McNemar test. Patient-based sensitivity was calculated as the
number of patients with a positive test result (at least 1 lesion
detected) divided by the total number of patients. For the comparison
of number of lesions per region, the Wilcoxon rank test was used. For
correlations between biochemical parameters and scan results, the
Spearman correlation coefficient was calculated. A 2-sided P value
of less than 0.05 was considered significant. The statistical tests were
performed using the SPSS package, version 12.0.

RESULTS

Patients
Twenty-nine consecutive patients (17 women and 12 men;
median age, 63 y [range, 33-94 y]) participated in this study

TABLE 1
Patient Characteristics

Elevated urinary

Patient Age Blood catecholamine Confirmation
no. (y) Sex Tumor type SRS lesions MIBG lesions CT/MRI pressure® metabolites or treatment
1 47 F Glomus caroticum L Neck L Neck L 0 Normal Follow-up
2 55 M Glomus vagale L Jaw L Jaw L Jaw L Hypertension Surgery
S 40 F Glomus caroticum R + Jaw R + L Left adrenal Jaw R + L Hypertension Normetanephrine Surgery
L, pheochromocytoma gland
L, SDHD mutation
4 33 M Glomus tympanicum R Ear R 0 Ear R Normal Surgery
5 54 F Glomus tympanicumL 0 0 Skull base L Hypertension Surgery
6 51 M Glomus temporale L Ear L 0 Ear L Hypertension Surgery
7 71 M Glomus caroticum L Jaw R Jaw R Jaw R Normal Surgery
8 39 F Glomus tympanicumL  EarlL 0 Ear L Normal Metanephrine Surgery
9 57 F Glomus temporale L Ear L 0 Ear L Normal Surgery
10 52 M Glomus caroticum L Neck L 0 Neck L Hypertension Embolization
11 71 F Glomus temporale L Ear L Ear L Ear L Normal Follow-up
12 94 F Glomus tympanicum R Ear R 0 Ear R Normal Follow-up
13 65 F Glomus tympanicum R; Ear R, lung 0 Ear R Normal Follow-up,
carcinoid R lung hilus R surgery
14 70 F Glomus jugularis L + R, Neck R + L, NeckR + L NeckR + L, Hypertension Follow up,
caroticum L mastoid R mastoid R histology
15 68 M Glomus temporale R Mastoid R Mastoid R Mastoid R Normal Metanephrine Follow-up
16 80 F Glomus tympanicum R  Ear R 0 Ear R Normal Surgery
17 75 F Glomus temporale L Skull base, Skull base, Skull base Hypertension Metanephrine Follow-up
neck R+ L neckR + L
18 71 M Glomus temporale L Ear L 0 Ear L Normal Metanephrine Follow-up
19 33 M Glomus jugularis L Skullbase L 0 Skull base L Hypertension Surgery
20 47 F Glomus jugularis R Skullbase R 0 Skull base R Hypertension Surgery
21 55 M Glomus vagale L Skullbase L 0 Skull base L Normal Surgery
22 68 M Glomus vagale L Skull base L Skull base L Skull base L Normal Surgery
23 61 M Glomus jugularis R Ear R Ear R Ear R Normal Follow-up
24 53 M Glomus caroticum L Neck L Neck L Neck L Hypertension Embolization
25 63 F Glomus jugularis L Ear L 0 Ear L Normal Follow-up
26 65 F Glomus caroticum Neck L; Neck L; Neck L + R Normal Surgery
L + R; abdominal abdomen R abdomen R
carcinoid
27 64 F Glomus caroticum R Jaw R Jaw R Jaw R Normal Follow-up
28 71 F Glomus caroticum R Jaw R 0 Jaw R Normal Follow-up
29 65 M Glomus tympanicum R 0 0 Ear R Normal Follow-up

*Hypertension is defined as systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg.

1234
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TABLE 2
Patient- and Lesion-Based Analysis of CT or MRI, SRS, and
MIBG of Head and Neck Paraganglioma in 29 Patients

Analysis CT or MRI SRS MIBG
Patient-based
Positive patients (n) 27* 27 13
Sensitivity (%) 93 93 44
95% CI (%) 77-98 77-98 23-61
Lesions (n)
Mean 1.07 1.17 0.52
Range 0-3 0-3 0-3
Lesion-based
Positive lesions (n) 31t 341 15

Sensitivity (%) 82 89 42
95% Cl (%) 65-92 75-97 26-59

*SRS and CT were significantly better than MIBG (P < 0.001).

TSRS and CT were better than MIBG (P = 0.001).

All sensitivities are based on comparison with composite
reference standard.

(Table 1). All were ultimately considered to have a paragan-
glioma. This diagnosis was based on surgical or histologic
findings in 16 patients and on follow-up findings in 11 patients.
In 2 patients, the morphologic appearance of the lesion
indicated paraganglioma, and they were treated with emboli-
zation. The median time between SRS and MIBG scintigraphy
was 7 d, and the median time between SRS/MIBG and CT or
MRI was 78 d. Conventional imaging was performed on all
patients: either CT of the head and neck region (14 patients) or
MRI of the head and neck region (15 patients).

Patient-Based Analysis
All 29 patients were considered positive for paragangli-
omas, on the basis of the composite reference standard (Table
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2). Morphologic imaging and SRS correctly identified 27 of
29 patients (sensitivity, 93%; 95 confidence interval [CI],
T7%-98%), whereas MIBG correctly identified 13 patients
(sensitivity, 44%; 95 CI, 23%—-61%). SRS detected signifi-
cantly more tumor-positive patients than did MIBG (P <
0.001). We found that SRS uptake was more intense than
MIBG uptake in 7 patients, was equal to MIBG uptake in 3
patients, and was less intense than MIBG uptake in 2 patients.

Lesion-Based Analysis

Thirty-eight lesions were identified using the composite
reference standard. Morphologic imaging correctly detected
31 of these lesions (sensitivity, 82%; 95% CI, 65%-92%;
1.07 lesions per patient), SRS detected 34 (sensitivity, 89%;
95% CI, 75%-98%; 1.17 lesions per patient), and MIBG
detected 15 (sensitivity, 42%; 95% CI, 26%—59%; 0.52
lesions per patient). SRS detected more lesions than did
MIBG (P = 0.0001; an example is shown in Fig. 1). In 6
patients, more than one lesion was present in the head and
neck region (Table 1).

Secondary Tumors and Discrepant Cases

In 3 patients (10%), previously unknown neuroendocrine
tumors were found outside the head and neck region. In
1 patient, SRS showed a pulmonary lesion that was due to a
carcinoid (patient 13). This patient was negative for SDHB,
SDHD, and RET protooncogene mutations. In another pa-
tient (patient 26), SRS detected a lesion in the abdomen (Fig.
2). This patient was found to have an SDHB mutation. This
patient refused surgery, but a carcinoid was clinically
suspected. These lesions did not show MIBG uptake. How-
ever, MIBG scintigraphy led to the detection of a left-sided
adrenal pheochromocytoma, which was not detected on SRS
(patient 3). This patient was found to have an SDHD gene
mutation.

FIGURE 1. MIBG-negative paragangli-
oma. (A and B) SRS image (A) shows
pathologic uptake (grade 3) in right jaw,
whereas on MIBG scan (B) this uptake
(grade 1) in not easily identified. (C) MRI
coronal slice shows lesion in right jaw.
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FIGURE 2. Additional abdominal lesion
detected with SRS. (A) SRS image shows
uptake in left neck (red arrow, grade 3)
and in abdomen, suspected to be due to
carcinoid tumor (blue arrow, grade 3). (B)
On MIBG scan, neck lesion appears
much smaller (red arrow, grade 2) and
abdominal lesion shows no uptake
(grade 1). (C) SRS and MRI fusion image
shows neck lesion.

Biochemical Results

Four patients had elevated urinary metanephrine excre-
tion, whereas 1 patient (the patient with adrenal pheochro-
mocytoma) had elevated urinary normetanephrine excretion
(Table 1). Elevated levels of urinary meta- or normetaneph-
rine excretion were correlated with the number of SRS lesions
per patient (» = 0.51, P = 0.005) and the number of MIBG
lesions (r = 0.47, P = 0.02). These relationships were not
significant on a patient-based analysis (data not shown). The
correlation between the presence of hypertension and abnor-
mal urinary metanephrine or normetanephrine excretion was
not significant (data not shown).

DISCUSSION

In our cohort of 29 consecutive patients with head and neck
paraganglioma, it was evident that SRS was superior to
MIBG imaging in the detection of head and neck paragan-
gliomas. SRS performed as well as morphologic imaging for
the detection of head and neck paraganglioma in a patient-
based analysis and detected some additional lesions, not
found with the morphologic methods, in the head and neck
region. Thus, SRS is likely to contribute to optimal lesion
characterization in this patient category. Furthermore, in
view of the low yield of MIBG imaging, we suggest that this
scan should not be used routinely in the evaluation of head
and neck paraganglioma.

The main difference between the present report and pre-
vious studies on the performance characteristics of SRS and
MIBG imaging is that most other studies also included
paragangliomas outside the head and neck region (5,8,10).
Importantly, our cohort comprised only patients who were
considered to have head and neck paraganglioma and who
had been referred from the ear, nose, and throat department
for protocolized imaging studies. Thus, our study does not
allow conclusions to be drawn on diagnostic yield and the
specificity of SRS and MIBG when a diagnosis of head and
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neck paraganglioma is uncertain. Nonetheless, the present
results with respect to the comparison between SRS and
MIBG are in line with those of other studies. In a study
comprising 8 patients, Muros et al. showed that SRS had a
sensitivity of 100%, compared with 56% for MIBG (6). In a
large retrospective study (8), the clinical records of 236
patients with benign paraganglioma, including those with
tumors outside the head and neck region, were evaluated. In
25 of these patients, on whom MIBG imaging was per-
formed, this technique could detect only 62% of the para-
gangliomas, but no comparison could be made with SRS. In a
study comprising 34 patients, Kwekkeboom et al. (/0)
demonstrated a sensitivity of 94% with SRS for the detection
of paragangliomas. Importantly, that study showed that the
use of whole-body imaging revealed additional paragangli-
oma lesions in 9 patients.

A potentially important clinical finding of our study is that
SRS resulted in the detection of a previously unknown
carcinoid tumor in one patient and brought about clinical
suspicion in another. To our knowledge, the coincidence of
head and neck paraganglioma with carcinoid tumors has not
been reported. However, the only coexisting adrenal pheo-
chromocytoma in the present series was discovered with
MIBG but not with SRS. This finding agrees with a report that
showed adrenal pheochromocytoma in 7 of 40 patients with
either an SDHD mutation or a positive family history for head
and neck paragangliomas (20). Thus, there remains an
indication to perform MIBG imaging when (adrenal) pheo-
chromocytoma is clinically suspected. In our study, 5 (17%)
of 29 subjects, including the patient with adrenal pheochro-
mocytoma, had elevated urinary metanephrine or normeta-
nephrine excretion. In comparison, in the retrospective
analysis of 236 benign paragangliomas, excess catechol-
amine production was found in 31% of tested subjects (8). In
the current report, there was only a modest correlation of
abnormal catecholamine production, as documented by ele-
vated urinary metanephrines or normetanephrine excretion,
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with SRS as well as with MIBG results on a lesion-based
analysis. However, because urinary catecholamine measure-
ments can easily be obtained, we propose that MIBG be
added to SRS in patients with clinically or biochemically
suspected (adrenal) pheochromocytoma.

Recently, other imaging techniques have been used to
detect neuroendocrine tumors. Preliminary data have shown
ahigh yield of '8F-DOPA PET in carcinoid tumors (/6). Thus
far, '8F-DOPA has been used in only small series of patients
with paraganglioma, but the results are promising (2/-23).
Although '8F-DOPA PET was able to detect more paragan-
glioma lesions than were MRI and MIBG, no direct compar-
ison with SRS has been made. Of note, the performance of
I8SF_.DOPA PET may be less optimal in paragangliomas that
result from SDH gene mutations, because these tumors are
prone to dedifferentiation. In such cases, the use of !8F-
DOPA PET, 6-'8F-fluorodopamine PET, or FDG PET may be
useful (3,22,23).

Finally, we did not present follow-up data from repeated
nuclear imaging studies, but it seems reasonable to assume
that SRS is of merit for detecting residual or recurrent
paraganglioma after initial treatment and that '77Lu-
tetraazacyclododecanetetraacetic - acid-Tyr3-octreotate may
be useful for treating residual disease in selected patients (24).

CONCLUSION

We have documented a high sensitivity of SRS for the
detection of paragangliomas in the head and neck region—a
sensitivity equal to that of morphologic imaging methods.
However, SRS has 2 major theoretic advantages that should
be confirmed in further studies: its ability to characterize
lesions as being of neuroendocrine origin and its ability to
image the whole body, which can lead to the detection of
additional neuroendocrine lesions.
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