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Abstract

Objective To evaluate the role of %8Ga-labelled [1, 4, 7, 10-
tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid]—l—NaI3-
Octreotide (*®*Ga-DOTA-NOC) whole body positron
emission tomography-computed tomography (PET-CT)
as a functional imaging approach for phaeochromocytoma
and paraganglioma.

Methods Thirty-five unrelated patients (Median age-
34.4 years; range: 15-71) were evaluated in this prospec-
tive study. PET-CT was performed after injection of 132—
222 MBq of **Ga-DOTA-NOC. Images were evaluated by
two experienced nuclear medicine physicians both qualita-
tively as well as quantitatively (standardised uptake value-
SUVmax). In addition we compared the findings with
131 Metaiodobenzylguanidine (MIBG) scintigraphy, which
was available for 25 patients. Histopathology and/or
conventional imaging with biochemical markers were taken
as the reference standard.

Results 44 lesions were detected on ®*Ga-DOTA-NOC
PET-CT imaging with an additional detection of 12 lesions
not previously known, leading to a change in manage-
ment of 6 patients. Sensitivity, specificity and accuracy
were 100%, 85.7%, and 97.1% on a per patient basis
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and 100%, 85.7% and 98% on per lesion basis,

respectively.'*'T MIBG scintigraphy was concordant with

®*Ga-DOTA-NOC PET-CT in 16 patients and false

negative in 9 patients.

Conclusion *®Ga-DOTA-NOC PET-CT is highly sensitive

and specific for the detection of phaeochromoctyomas and

paragangliomas. It seems better than '*'I MIBG scintigra-

phy for this purpose.

Key Points

* %Ga-DOTA-NOC PET-CT seems useful in patients with
phaeochromocytoma and paraganglioma.

» This prospective single centre study showed that it has
high diagnostic accuracy.

« %Ga-DOTA-NOC PET-CT seems superior to '*'I-MIBG
in these patients.

Keywords Pheochromocytoma - Paraganglioma -
%*Ga-DOTA-NOC - PET-CT- MIBG

Introduction

Phaeochromocytomas are catecholamine producing tumours
derived from the sympathetic nervous system [1, 2]. About
90% of these neoplasms occur as solitary benign tumours of
the adrenal gland [3], and the rest can be localised in extra-
adrenal sites [4]. About 10%-20% of the tumours are
malignant [4]. In addition to sporadic forms, phacochromo-
cytomas are a feature of disorders with an autosomal
dominant pattern of inheritance (e.g., multiple endocrine
neoplasia type 2) in about one-fourth of unselected
cases [4]. Phacochromocytomas are the cause of hyper-
tension in less than 1% of the hypertensive population, but
they may be fatal if untreated or improperly treated. Thus,
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precise localisation of phaeochromocytomas is critical to
management [5, 6]. Paragangliomas, or glomus tumours,
like phaeochromocytomas, arise from extra adrenal chromaf-
fin tissue and frequently cause symptoms by over production
of catecholamines [7]. About 9% of paragangliomas are
familial [8]. Multicentricity of paragangliomas is present in
about 10% of unselected series, but may be as high as 32%
in familial cases [9]. Malignant behaviour occurs in about
10% of patients [9, 10].

The diagnosis of phacochromocytoma/paragangliomas is
established biochemically by measuring the level of urinary
and plasma catecholamines and their metabolites (24-hour
total metanephrine and/or catecholamine) [11]. However,
imaging is important for the localisation of tumour and
excluding possibility of multifocal lesions before surgery
[12]. Computed tomography (CT) or magnetic resonance
imaging (MRI) provide excellent morphologic details and have
high sensitivity in the depiction of phaeochromocytoma, but
they often fail to discriminate between phaeochromocytoma
and other causes of adrenal gland enlargement [13] and
occasional false positives can lead to unnecessary
surgery [14]. Scintigraphy with '**I metaiodobenzylgua-
nidine (MIBQG) is currently the functional imaging method
of choice for the localisation of adrenal or extra-adrenal
phaeochromocytomas and provides high sensitivity and
specificity. However, it presents some disadvantages like-
limited spatial resolution, difficult to detect tumours that
are smaller than 1.5-2.0 cm in diameter, or when large
tumours have extensive necrosis and/or haemorrhage, lack
of tracer uptake in some tumours, interference with certain
medications, all of which lead to false-negative results
[15]. The targeted imaging of somatostatin receptors (SSTR
1-5) has given a new dimension to imaging of neuroendocrine
tumours (NETs) [16]. Phaeochromocytomas and para-
gangliomas have also shown to express SSTR both on
in vivo imaging and in vitro studies [17]. The single
photon emission tomography (SPECT) agent '''In-pente-
treotide has been shown to be superior to MIBG in
patients with malignant, metastatic and extra-adrenal
lesions. However, the overall sensitivity of this method
is less than 30% [18]. ®®*Ga-labelled [1, 4, 7, 10—
tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid]-1-
Nal*-Octreotide (*®*Ga-DOTA-NOC) is a positron emis-
sion tomography (PET) tracer for somatostatin receptor
scintigraphy (SRS), which provides the advantages of
better resolution and quantification, of PET technology.
®8Ga-DOTA-NOC PET-CT has already been proven to be
of great value in NET. However, there is limited literature
regarding its use in phaecochromocytoma and paragan-
glioma. Therefore, the purpose of the present study was to
evaluate the role of ®*Ga-DOTA-NOC PET-CT in patients
known or suspected to have either phaeochromocytoma
or paraganglioma.

Materials and methods

From Oct 2006 to June 2010, 35 consecutive unrelated
patients with known or suspected Phaeochromocytoma or
paraganglioma were referred to our institution for ®*Ga-
DOTA-NOC PET-CT and were included in this prospective
study. The study was conducted in accordance with the
institute’s ethics protocol and written informed consent was
obtained from all patients.

8Ga-DOTA-NOC PET-CT acquisition

%8Ga-DOTA-NOC synthesis was carried as previously
detailed by Zhernosekov et al [19] and imaging was
performed on a dedicated PET-CT system (Biograph 2,
Siemens Medical Solutions, Erlangen, Germany). Fasting
was not mandatory. A dose of 132-222 MBq (4-6 mCi) of
%8Ga-DOTA-NOC was injected intravenously. After a 45—
60 min uptake period the patients were taken for PET-CT.
Oral contrast agent was used. No intravenous contrast agent
was used. In the PET-CT system, CT acquisition was
performed on spiral dual slice CT with a slice thickness of
4 mm and a pitch of 1. Image was acquired using a matrix
of 512x512 pixels and pixel size of 1 mm. After CT
acquisition, the table was moved towards the field of view
of PET and PET acquisition of the same axial range was
started with the patient in the same position. The PET
components of the PET-CT are based on a full-ring lutetium
oxyorthosilicate (LSO) PET system. 3D PET acquisition
was done from base of skull (including pituitary fossa) to
mid thighs. PET data were acquired using matrix of 128 x
128 pixels with a slice thickness of 1.5 mm. CT based
attenuation correction of the emission images was
employed. PET images were reconstructed by iterative
method ordered subset expectation maximisation (OSEM; 2
iterations and 8 subsets). After completion of PET
acquisition, the reconstructed attenuation corrected PET
images, CT images and fused images of matching pairs of
PET and CT images were available for review in axial,
coronal and sagittal planes, as well as in maximum
intensity projections (MIP), three dimensional mode.

B MIBG Scintigraphy

None of the patients received any drugs that would interfere
with MIBG uptake, such as tricyclic antidepressants, or
sympathomimetic amines. We could not use '**I MIBG as
it is not available at our centre. Following the intravenous
injection of a mean dose of 37+12 MBq of "*'I- MIBG (GE
Healthcare, Braunschweig, Germany), planar scintigraphic
images was obtained with a large field of view dual head
gamma camera (Symbia E, Siemens medical solutions,
Illinois, USA) and a high energy collimator. Twenty-four
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and 48 h after injection, whole-body images in the ventral
and dorsal planes, as well as target images of the abdomen
and thorax, were acquired. Single photon emission com-
puted tomography (SPECT) of the thorax and abdomen was
performed 24 h after injection by using a double head
camera and the following parameters: a 128128 matrix,
120 projections in 3° angle increments, and an acquisition
time of 40 s per projection. Image reconstruction was
performed by using filtered back projection, with no
prefiltering, reconstruction with a ramp filter, and post
processing with a low-pass filter.

Interpretation of ®*Ga-DOTA-NOC PET-CT and "*'I MIBG
Scintigraphy

%8Ga-DOTA-NOC PET-CT and "*'I MIBG scintigraphy
were evaluated by two experienced Nuclear medicine
physicians. Both the reviewers were in total agreement for
34/35 cases on ®*Ga-DOTA-NOC PET-CT and 23/25 cases
on *'I MIBG scintigraphy. For the remaining cases a
consensus diagnosis was reached. They were blinded to
findings of the structural imaging and clinical findings.
PET images were evaluated both qualitatively and semi-
quantitatively. Positive findings on ®*Ga-DOTA-NOC
PET were localised to anatomical images from the non
enhanced CT. Any increased accumulation of **Ga-DOTA-
NOC in the adrenal glands or extra-adrenal regions was
considered abnormal, with corresponding lesion on CT was
considered abnormal. The size and maximum standardised
uptake value (SUVmax) of the lesions were calculated.

Planar and SEPCT MIBG images, which were obtained
24 and 48 h after injection, were included for assessment of
MIBG scintigraphy. Any focal accumulation of MIBG in
the adrenal glands or extra-adrenal regions that exceeded
the normal regional tracer uptake was considered abnormal.
MIBG images were evaluated in separate sessions to
avoid bias.

Reference standard

Histopathology (HPE) results were available for 13 patients
that underwent surgery. In the remaining 22 patients the
results of **Ga-DOTA-NOC PET-CT were compared with
conventional imaging and/or follow up imaging in combi-
nation with biochemical markers and MIBG scintigraphy,
as tumour biopsy is contraindicated in these groups of
neoplasms.

Statistical analysis
Continuous variables were expressed as the median and

range. Categorical data were expressed as number and
percentage. Sensitivity, specificity, accuracy, positive (PPV)
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and negative predictive value (NPV) of ®*Ga-DOTA-NOC
PET-CT were calculated on per patient and per lesion basis.
Mann Whitney test with two tailed probability was used to
compare groups. Spearman’s rank correlation coefficient
was used to correlate any relation between tumour size and the
standardised uptake value (SUVmax) on PET-CT. McNemar
test was used to compare the diagnostic accuracy of **Ga-
DOTA-NOC PET-CT with MIBG scintigraphy. All the data
analyses were performed using the statistical software
packages SPSS 11.5(SPSS Inc., Chicago, Illinois, USA).

Results
Patient characteristics

Patient characteristics including ages, sex, and indication of
PET-CT are outlined in Table 1.

Results of *Ga-DOTA-NOC PET-CT
Patient-wise analysis

%8Ga-DOTA-NOC PET-CT imaging was very useful in the
localisation and detection of these tumours (Table 2). Of the 35
patients that underwent the study, **Ga-DOTA-NOC PET-CT
was positive in 29 patients and negative in 6 patients. There
was one false positive result as the adrenal tumour defined as
a phaeochromocytoma turned out to be a benign adrenal
adenoma on HPE. Of the 6 patients that were negative on
%8Ga-DOTA-NOC PET-CT, an alternative diagnosis was
suggested later on follow-up. Thus the overall sensitivity,
specificity and accuracy on a per patient basis were 100%
(95% CI-87.5-100), 85.7% (95% Cl-42.2-97.6), and
97.1%, with a PPV of 96.5% (95% CI-82.1-99.4) and
NPV of 100% (95% CI-54-100).

Table 1 Patient characteristics

Variable Values %
Age (years)

Median 344 -
Range 15-71 -
Sex

Male 22 62.8
Female 13 37.2
Weight (Kg)

Median 62 -
Range 46-74 -
Indication for PET-CT

Known 14 40
Suspected 21 60
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Table 3 Comparative diagnostic accuracy of ®*Ga-DOTANOC
PET-CT and '*'I MIBG scintigraphy (lesion wise)

Parameter MIBG PET-CT
Sensitivity 64% (42.5-81.9) 100% (86.1-100)
Specificity 85.7% (42.2-97.6) 85.7% (42.2-97.6)
PPV 94.1% (71.2-99) 96.1% (80.3-99.3)
NPV 40% (16.4-67.6) 100% (55-100)
Accuracy 68.7% 96.8%

PPV positive predictive value; NPV negative predictive value

Lesion-by-lesion analysis

A total of 44 lesions were seen on **Ga-DOTA-NOC PET-
CT imaging with one false-positive result (adenoma). The
overall sensitivity, specificity and accuracy on a per lesion
basis were: 100% (95% CI-91.7-100), 85.7% (95% CI-
42.2-97.6), and 98%, with a PPV of 97.7% (95% CI-87.9—
99.6) and NPV of 100% (95% CI-54—100). There was
detection of 12 extra lesions when compared with their
preliminary findings based on conventional imaging.

Correlation of lesion size with SUVmax

The mean tumour size was 3.7 cm*2.31(range: 1-11 cm)
while the mean SUVmax was 25.3+23.9 (range: 1.4-89.1).
We evaluated the relationship between lesion size and their
respective SUVmax to see whether tumour size correlated
with somatostatin expression. No significant relationship
between size of tumour and SUVmax was seen (P=0.755)

[Fig. 1].
Results of semi-quantitative analysis

A total of 15 adrenal and 29 extra-adrenal tumours were
detected on °*Ga-DOTA-NOC PET-CT imaging. The
median SUVmax value of adrenal tumours was 10.9
(range-5-74.2). Although the median SUVmax of para-
gangliomas was higher (SUVmax —17; range-1.4-89.1)
than adrenal lesions, there was no overall significant
difference in the level of tracer uptake (P=0.197). Of the
paragangliomas, 17 were head and neck paragangliomas
while the rest were detected in mediastinum, abdomen
and urinary bladder. There was no significant difference
in SUVmax of head and neck vs. other paragangliomas
(»=0.822).

Comparison of ®*Ga-DOTA-NOC PET-CT with '*'I-MIBG
Both %3Ga-DOTA-NOC PET-CT and "'I-MIBG were

available in 25 patients. The comparison of results of
%8Ga-DOTA-NOC PET-CT and "'I-MIBG is given in

@ Springer

Table 3. “®Ga-DOTA-NOC PET-CT was superior to *'I-
MIBG (P=0.003). Only one of the 26 lesions that were
considered to be positive on **Ga-DOTA-NOC PET-CT
imaging turned to be false positive (adenoma on HPE),
while the rest 25 lesions were true positive. On the other
hand, "*'I-MIBG scintigraphy showed 16 true positive
lesions (Figs. 2 and 3). No MIBG uptake was seen in 9
lesions which were positive on °®Ga-DOTA-NOC PET-CT
(Fig. 4). The patient with adenoma was false positive on
BI-MIBG imaging as well. Most of the lesions that were
negative on '*'I-MIBG scintigraphy were extra-adrenal
(paragangliomas) (Table 4).

Discussion

Diagnosing and locating phaeochromocytomas can be a
challenging experience for clinicians, because these
tumours can mimic a variety of other diseases and the
primary tumours can occur in varying locations. MIBG
(I123/1131) scintigraphy has been considered the gold
standard; however it suffers from many drawbacks. Even
in our series where '*'I MIBG results were available with
25 patients, it was falsely negative in 9 patients with most
of them having extra-adrenal (paragangliomas) lesions.

Thus far, there has been little experience with
PET imaging of phacochromocytomas. Previously, '°F-
Fluorodeoxyglucose (FDG) PET has not been widely used
in oncoendocrinology because of a lack of specificity [20].
Two different studies by Taieb et al. and Shuklin et al,
opined that most phacochromocytomas accumulate FDG
especially the malignant variety and can be more useful in
defining the distribution of those phaecochromocytomas that
fail to concentrate MIBG. Another useful remark by this study
was to refrain from concluding that absence of FDG uptake
excludes phaeochromocytoma [21, 22]. Other PET based
radionuclides like ''C Hydroxyephedrine and '*F-Flurorodi-
hydroxyphenylalanine (FDOPA) have also been evaluated in
such tumours with both providing a high level of accuracy in
these group of tumours [23, 24].

In our study, SRS with PET tracer ®*Ga-DOTA-NOC PET-
CT was evaluated as a diagnostic tool and implicated as a
potential new strategy for imaging of phacochromocytomas
and paragangliomas. It has been previously been evaluated
in several other NETs [25, 26] with very good results. To our
knowledge though, systematic studies using ®*Ga-DOTA-
NOC in the detection of phaeochromocytomas and para-
gangliomas has not been described in the literature till
date. Only one small series by Win et al, have
compared the PET tracer °®Ga-DOTA-TATE with '*’I-
MIBG in five patients with phacochromocytoma [27]. In
that series °®*Ga-DOTA-TATE PET showed more lesions,
with higher uptake and better resolution, compared with
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Fig. 1 Dot and line diagram showing relation between SUVmax of tumour and tumour size. No significant correlation was found (P=0.755)

23[_.MIBG. However, that study differs from the present
study in many important aspects: very small sample size,
use of “®Ga-DOTA-TATE which has affinity for limited
spectrum of SSTRs compared with ®*Ga-DOTA-NOC, use
of PET and not PET-CT and use of '*’I-MIBG as
compared with '>'I-MIBG used in present study. In our
series of 35 patients, **Ga-DOTA-NOC PET-CT had
diagnostic accuracy of 97.1% on per patient and 98% on
lesions wise analysis. **Ga-DOTA-NOC PET-CT was nega-
tive in 6 patients. Although they had higher than normal
levels of catecholamines and clinical symptoms of hyperten-
sion compatible with a diagnosis of phaeochromocytoma,
one might argue as to the result of ®*Ga-DOTA-NOC PET-
CT be considered as false-negative in these 6 patients.
However, these patients also had normal conventional
imaging results (except 1 patient who had an adrenal lesion
with negative ®®Ga-DOTA-NOC uptake) and even negative
MIBG studies as well and were offered an alternative
diagnosis on further follow-up (essential hypertension in 4,
and renal artery stenosis in 2 patients). These situations are
not uncommon in clinical practice. A large survey revealed
that 4.2% of incidentalomas were phaecochromocytomas, but
only 43% of these patients were hypertensive, despite
urinary catecholamine elevations in 86% [28]. Results of
%8Ga-DOTA-NOC PET-CT were therefore considered as true
negative in these patients and stress the importance of this

imaging technique in ruling out such tumours apart from
diagnosing and localisation at the same time.

%8Ga-DOTA-NOC PET-CT also led to a change in
management in 6 patients with 2 of them spared unneces-
sary surgery. There was additional detection of 12 lesions
over and above the 32 lesions defined on baseline
Conventional imaging (CI). In one patient there was
detection of multiple vertebral metastases in a patient who
had multiple head and neck paragangliomas. In another
patient who presented with severe hypertension and
bilateral phaeochromocytomas, an additional focus was
detected in the right lobe of thyroid gland which revealed
features of medullary carcinoma thyroid on histology. A
diagnosis of MEN-Ila was made in this patient that has a
different approach for follow-up. In addition, the demon-
stration of SSTR expression by such neoplasms may give
an opportunity to treat them using peptide based radio-
receptor therapy (PRRT). There was however no significant
relationship between the degree of tracer uptake (SUVmax)
and lesion size and or between adrenal and extra-adrenal
lesions.

From in vitro and in vivo studies, it has been established
that somatostatin receptor subtypes 3 and 4 are expressed in
phaecochromocytoma, including extra-adrenal and meta-
static disease [29]. Usually the expression of SSTR
receptors is increased in malignant phaeochromocytomas

@ Springer
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Fig. 2 A 37 year old male patient with hypertension and elevated
plasma and urinary catecholamines. '*'I MIBG images (A, B) show
increased uptake in left adrenal region. ®*Ga DOTA-NOC maximum
intensity projection (MIP) image (C) show increase tracer uptake in
bilateral adrenal regions. CT (D, F) and PET-CT (E, G) images show

and paragangliomas [30]. Previous studies with '''In-
Octerotide have shown higher sensitivity for detecting
metastatic phaeochromocytoma than for detecting benign
phaeochromocytoma [31]. Apart from the issue of limited
resolution, this might have also been because of the fact
that '"'In-Octreotide has predominant affinity towards
SSTR 2. In our study **Ga-DOTA-NOC PET-CT showed
high sensitivity for both phacochromocytoma and para-
gangliomas. This is partly because of wide spectrum of
affinity of **Ga-DOTA-NOC for SSTR subtypes. Uptake of
1311 MIBG is on the other hand dependent on the
expression of vesicular monoamine transporters (VMAT
1,2). Expression of VMAT is high in benign phaeochro-
mocytoma, but is reduced in malignant phaeochromocy-
toma and paragangliomas. Indeed, Kolby et al have shown
that even in malignant phaeochromocytoma/paraganglio-
mas high MIBG uptake is seen in tumours with high
VMAT 1,2 expression as compared with no MIBG uptake
in tumours with low VMAT 1,2 expression [32]. In our
study also "*'I MIBG scintigraphy was mainly false

@ Springer

bilateral adrenal masses (left > right) with increased tracer uptake. A
diagnosis of bilateral adrenal phacochromoctyoma was made and
confirmed with histopathology. In this patient right adrenal lesion
missed on '*'T MIBG was seen on “*Ga DOTA-NOC PET-CT

negative in paragangliomas (n=5). However, as the
expression profile for VMAT was not available for this
patient population we were unable to correlate it with
MIBG uptake. This in vivo demonstration of VMAT (with
MIBG) and SSTR (with **Ga-DOTA-NOC) has important
implications regarding therapy of these tumours, especially
when inoperable or malignant, for selecting appropriate
radionuclide therapy.

Another important factor to be taken into account is the
germline mutations in genes encoding one of the subunits
of the mitochondrial complex II succinate dehydrogenase
(SDH) enzyme gene, a component of the tricarboxylic acid
cycle [33]. Paragangliomas and more rarely phaeochromo-
cytomas can occur as a part of familial paraganglioma
syndromes (PGL 1-4) secondary to SDH mutations. Such
tumours have the highest risk of malignancy and death [34].
Thus, SDH status appears to be critical parameter deter-
mining the prognosis as well as selecting the best functional
imaging agent for phacochromocytomas and paraganglio-
mas. Given their extraadrenal location and malignant nature
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Fig. 3 A 47-year-old female
patient presenting with abdominal A
pain, hypertension and elevated
urinary catecholamines. *'T
MIBG images (A, B) show
increased uptake in right side of
abdomen. **Ga DOTA-NOC
maximum intensity projection
(MIP) image (C) show increase
tracer uptake in same region. CT
(D), PET (E) and PET-CT (F)
images show an abdominal mass
with calcification, and intense
uptake of *®*Ga DOTA-NOC
(SUVmax-78.3). A diagnosis of
paraganglioma was made and
confirmed with histopathology

Fig. 4 An 18-year-old male patient presenting with hypertension. On
further evaluation plasma and urinary catecholamines were raised and
he underwent ®*Ga DOTA-NOC PET-CT. Maximum intensity
projection (MIP) image (A) showed one focus of tracer uptake in
mediastinum (arrow) and other suspicious focus adjacent to bladder.
PET-CT and CT images of mediastinum (B, D) showed *Ga DOTA-

NOC concentrating posterior mediastinal mass (arrow). Interestingly,
a bladder mass with **Ga DOTA-NOC uptake (arrow) was seen in
pelvic PET-CT and CT image (C, E). "*'I MIBG scintigraphy (F) in
this patient was essentially normal. The patient underwent surgery and
the diagnosis was confirmed on histopathology
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Table 4 Tumor size, tumor type and results of '*'I MIBG scintigraphy as compared to **Ga-DOTA-NOC PET-CT

No. Tumor size (cm) Tumor type (Final Diagnosis) BI MIBG %8Ga-DOTA-NOC PET-CT
1 1.2x1.4 Pheochromocytoma TP TP
2 1x1.5 Adenoma FP FP
3 3x4 Pheochromocytoma TP TP
4 - None; Renal Artery Stenosis TN ™
5 3.7x4.2 (Rt Adr) Pheochromocytoma (MEN-IIb) TP TP
2.7x3 (Lt Adr) TP TP
6 5.4x7 Paraganglioma (Abdomen) TP TP
7 - None; Essential HTN TN TN
8 3x3.7 Pheochromocytoma FN TP
9 2x3 Paraganglioma (Post Mediastinum, Urinary Bladder) FN TP
3x4 FN TP
10 - None; Reno-vascular HTN TN TN
11 3x3.7 Paraganglioma (Abdomen) FN TP
12 2.4x%3.8 Head and Neck Paraganglioma TP TP
13 2.6x3.5 Head and Neck Paraganglioma TP TP
14 32x4.2 Head and Neck Paraganglioma FN TP
15 2.2x3.3 Pheochromocytoma TP TP
16 2.3x2.9 Pheochromocytoma TP TP
17 - None; Reno-vascular HTN TN TN
18 2.7x2.9 Pheochromocytoma TN TN
19 4.4%6 Head and Neck Paraganglioma FN TP
20 2x2.1 (Rt Adr) Pheochromocytoma FN TP
3.3x4.1 (Lt Adr) TP TP
21 - None; Essential HTN TN TN
22 2.2x%25 Paraganglioma (Retroperitoneal) TP TP
23 1x1.5 Paraganglioma (Abdomen) TP TP
24 - None; Essential HTN TN TN
25 2.3x4 Pheochromocytoma TP TP

HTN Hypertension; Adr Adrenal; TP True positive; TN True Negative; FP False Positive; FN False Negative

it appears that **Ga-DOTA-NOC PET-CT will be more
useful than '*'I-MIBG in patients with SDH mutations. In
turn "*'I-MIBG may be better suited for non SDH mutation
associated tumours. Since, SDH status was not available for
our patient population we are unable to make any such
analysis in the present study.

The study is not without limitations. Firstly, the number
of patients was limited due the rarity of disease. Secondly,
not all lesions could be verified histologically. Moreover,
the profile of SSTR expression by the tumours and the
SDH status were not available in the present study. If
present, this would have given important information
regarding tumour biology. Especially, the lack of knowledge
regarding the SDH status, as it is pivotal to understanding the
results of functional imaging of these tumours. This was a
major limitation of present study. Thirdly, there were 44
masses in 35 patients but no clustering analysis was done.
Fourthly, we used 1311 MIBG and not '#I MIBG, which is a

@ Springer

superior tracer for phaeochromoctyoma with better image
quality. This is because of non-availability of '**I MIBG in
our country. Also, we did not compare MIBG SPECT-CT
with PET-CT. A larger prospective study with use of
23] MIBG SPECT-CT for comparison will further validate
this study.

Conclusion

In conclusion, results of present study show that ®*Ga-
DOTA-NOC PET-CT is an imaging technique that
provides high sensitivity and specificity in the detection
of phaecochromocytomas and paragangliomas and is
superior to "*'I MIBG scintigraphy. °®Ga-DOTA-NOC
PET-CT has the potential to become the functional
imaging method of choice, after the results reported herein
are confirmed in a larger patient population.
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