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Abstract
Purpose Radionuclide imaging of phaeochromocytomas
(PCCs) and paragangliomas (PGLs) involves various func-
tional imaging techniques and approaches for accurate di-
agnosis, staging and tumour characterization. The purpose
of the present guidelines is to assist nuclear medicine practi-
tioners in performing, interpreting and reporting the results

of the currently available SPECT and PET imaging
approaches. These guidelines are intended to present infor-
mation specifically adapted to European practice.
Methods Guidelines from related fields, issued by the Eu-
ropean Association of Nuclear Medicine and the Society of
Nuclear Medicine, were taken into consideration and are par-
tially integrated within this text. The same was applied to the

Purpose The purpose of these guidelines is to assist nuclear medicine
practitioners in:
1. Understanding the role and challenges of radionuclide imaging of
phaeochromocytomas/paragangliomas.
2. Providing practical information for performing different imaging
procedures for these tumours.
3. Providing an algorithm for selecting the most appropriate imaging
procedure in each specific clinical situation to localize and characterize
these tumours.
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relevant literature, and the final result was discussed with
leading experts involved in the management of patients with
PCC/PGL. The information provided should be viewed in the
context of local conditions, laws and regulations.
Conclusion Although several radionuclide imaging modali-
ties are considered herein, considerable focus is given to PET
imaging which offers high sensitivity targeted molecular
imaging approaches.

Keywords Guidelines . Review literature . Radionuclide
imaging . Paraganglioma . Phaeochromocytoma

Background information and definitions

The paraganglion system

Paragangliomas (PGLs) are tumours that develop from neu-
roendocrine cells derived from pluripotent neural crest stem
cells and are associated with neurons of the autonomic
nervous system. They may arise anywhere along the para-
ganglial system and can be associated with the sympathetic
or the parasympathetic nervous system. Those associated
with the sympathetic nervous system derive from the adre-
nal medulla, the organ of Zuckerkandl, or other chromaffin
cells that may persist beyond embryogenesis, while those
associated with the parasympathetic nervous system devel-
op from neural crest cells derivates present in the parasym-
pathetic paraganglia (chemoreceptors) mainly located in the
head and neck (H&N). Thus, PGLs can be distributed from
the skull base to the sacrum, with a predilection for the

following sites: middle ear (glomus tympanicum), the dome
of the internal jugular vein (glomus jugulare), at the bifurca-
tion of the common carotid arteries (glomus caroticum, carotid
body), along the vagus nerve, in the mediastinum (from the
aortopulmonary body or the thoracic sympathetic chain), in
the adrenal medulla and in the abdominal and pelvic para-
aortic regions. Based on the classification published in 2004
by the World Health Organization, the term phaeochromocy-
toma (PCC) should be reserved solely for adrenal PGL.

Clinical presentation

PCCs/PGLs are rare tumours (annual incidence of 0.1 to 0.6
per 100,000 population). They account for about 4 % of
adrenal incidentalomas and their prevalence is higher in autop-
sy series. PCCs and PGLs of sympathetic chains usually cause
symptoms of catecholamine over-secretion (e.g. sustained or
paroxysmal elevations in blood pressure, headache, episodic
profuse sweating, palpitations, pallor, and apprehension or
anxiety). By contrast, H&N PGL and parasympathetic thoracic
PGL are almost always (up to 95 %) nonsecreting tumours
which are discovered on imaging studies or revealed by symp-
toms of compression or infiltration of the adjacent structures
(e.g. hearing loss, tinnitus, dysphagia, cranial nerve palsies).

Spectrum of hereditary syndromes

PCCs/PGLs are characterized by a high frequency of hered-
itary forms (overall 35 %) with a propensity for multifocal
disease [1, 2]. They may coexist with other tumour types in
multiple neoplasia syndromes. Research in molecular genet-
ics has so far resulted in the identification of ten suscepti-
bility genes for tumours of the entire paraganglial system,
including SDHB (succinate dehydrogenase subunit B or
complex II of the mitochondrial respiratory chain), SDHC
(subunit C), SDHD (subunit D), VHL (Von Hippel-Lindau),
RET (REarranged during Transfection) and NF1 (neurofi-
bromatosis type 1), and the very recently reported suscepti-
bility genes SDHAF2 (succinate dehydrogenase complex
assembly factor 2, also called SDH5), TMEM127 (trans-
membrane protein 127), SDHA (subunit A), and MAX
(MYC associated factor X). Genotypic analysis can be per-
formed by PCR amplification of DNA isolated from blood
samples of patients and test deletions and/or rearrangements
of one or several exons, even an entire gene. Some correla-
tions between the gene involved and tumour location have
been found (Table 1). Mutations in one of the succinate
dehydrogenase subunit genes (collectively SDHx) are each
associated with a distinct PGL syndrome and often with a
high percentage of extraadrenal locations. Furthermore,
PCCs/PGLs with an underlying SDHB mutation are associ-
ated with a higher risk of aggressive behaviour, develop-
ment of metastatic disease and ultimately death. Malignancy
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risk of SDHB mutation-associated tumours has been esti-
mated to range from 31 % to 71 %. Immunohistochemical
studies might become in a near future a screening method to
select patients for subsequent molecular genetic testing.

Clinical indications for nuclear imaging

Confirmation of diagnosis of PCC/PGL and other findings

The diagnosis of PCC/PGL is often based on the presence of
high levels of plasma or urinary metanephrines. Radiologi-
cal features of anatomical imaging (CT/MRI) may also be
suggestive of the diagnosis. In cases of a nonsecreting
adrenal mass, the high specificity of functional imaging
may contribute to the diagnosis.

In the presence of a retroperitoneal extraadrenal nonrenal
mass, it is important to differentiate a PGL from other tumours
or lymph node involvement including metastases. A biopsy is
not always contributory or even recommended since it can
carry a high risk of hypertensive crisis and tachyarrhythmia,
and therefore it should only be done if PGL is ruled out in any
patient presenting with symptoms and signs of catecholamine
excess. Although specific functional imaging is very helpful
to distinguish PCC/PGL from other tumours, it is usually not
done before biochemical results are available.

In H&N locations, there are also many differential diagno-
ses such as lymph node metastasis, neurogenic tumour
(schwannoma, neurofibroma, ganglioneuroma), jugular

meningioma, internal jugular vein thrombosis, internal carotid
artery aneurysm, haemangioma and vascular malposition.

Staging at initial presentation

Most often, PCCs/PGLs are benign and progress slowly.
The rate of metastasization is wide, ranging from less than
1 % to more than 60 %, depending on tumour location, size
and genetic background. Functional imaging is probably not
necessary in the preoperative work-up of patients meeting
the following criteria: >40 years of age, no family history,
small (less than 3.0 cm) PCC secreting predominantly meta-
nephrines and negative genetic testing. However, since the
genetic status is often not available before surgery, the
possibility of multifocal or metastatic disease should be
considered, and nuclear imaging may be useful in this
regard. In patients without a family history, it is particularly
important to exclude multiple lesions in younger patients
(≤40 years) and those with SDHD gene mutations and to
exclude metastatic lesions in patients with SDHB gene
mutations. Malignancy at initial presentation should be
highly suspected in patients with a large PCC.

In extraadrenal PGL regardless of its size and/or heredi-
tary syndromes, as well as in identifying metastatic PGL,
pretreatment imaging is crucial for providing accurate stag-
ing of the disease. In this respect, nuclear imaging plays a
leading role. H&N PGLs raise the critical problem of locore-
gional extension and multifocality. Metastatic forms are
rare.

Table 1 PCC/PGL locations in hereditary syndromes

Gene Syndrome name H&N Thorax Adrenal (PCC) Abdominal extraadrenal Malignancy risk

SDHA − ++ +/− + + +/−

SDHB PGL4a + + + ++ ++

SDHC PGL3a ++++ +/− +/− +/− +/−

SDHD PGL1ab ++ + ++ ++ +/−

SDHAF2 (SDH5) PGL2 ++++ − − − −

RET MEN2c +/− − ++++ +/− +/−

VHL VHLd +/− +/− ++++ + +/−

NF1 NF1e − − ++++ +/− +

TMEM127 − + − ++++ + −

MAX − − − ++++ + +

− never reported, +/− <10 %, + 10–<30 %, ++ 30–<60 %, +++ 60–<90 %, ++++90–100 %
aNon-KIT/PDGFRA gastrointestinal stromal tumours may be caused by mutations in the SDHB, SDHC and SDHD genes and be associated with
PGL in the Carney-Stratakis syndrome.
b SDHD mutation is characterized by maternal imprinting; the disease occurs only when the mutations are inherited from the father. A case of GH-
secreting pituitary adenoma has been reported in a kindred with PGL1 syndrome.
cMedullary thyroid carcinomas most often reveal the disease.
d Von Hippel-Lindau disease is an autosomal dominant disorder, which also predisposes to renal tumours and clear cell carcinoma, pancreatic serous
cystadenomas, pancreatic neuroendocrine tumours, and haemangioblastoma of the eye and central nervous system.
e NF1 is characterized by the presence of multiple neurofibromas, café-au-lait spots, Lisch nodules of the iris and other rare disorders.
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Restaging and follow-up

Nuclear imaging may be used for restaging following com-
pletion of treatment of aggressive tumours. It could also
localize tumour sites in patients with positive biochemical
results or suspicion of disease recurrence. A PASS (Pheo-
chromocytoma of the Adrenal gland Scaled Score) score of
≥4, a large primary tumour and/or a mutation in the SDHB
gene should alert the clinician to carry out extended and
prolonged (life-long) monitoring.

Selection for targeted radiotherapy

Nuclear imaging gives valuable information when planning
targeted radionuclide therapy with radiolabelled MIBG or
somatostatin (SST) analogues. Besides confirming uptake, it
helps achieve personalized dosimetric evaluation.

Response evaluation

Nuclear imaging might be helpful in assessing metabolic
and other tumour responses in metastatic PCC/PGL.

Clinically useful information for optimal interpretation

The nuclear medicine physician should obtain the following
information whenever possible:

1. Personal history for PCC/PGL or other tumours.
2. Personal history of surgery, chemotherapy and radio-

therapy (including timing).
3. Genetic mutation or documented family history of PCC/PGL.
4. Results of laboratory tests (metanephrines, methoxytyr-

amine, calcitonin, chromogranin A).
5. Results of previous anatomical and functional imaging

modalities, including baseline and nadir on-treatment
imaging for the assessment of tumour response(s).

6. Drugs that may interfere with the accuracy of the pro-
cedures and measurements.

General considerations for image acquisition
and interpretation

1. PCCs/PGLs have different preferential sites of origin
that must be known. The integration of functional and
anatomical imaging is very helpful.

2. Images are usually acquired from the top of the skull
(for a large jugular PGL) to the bottom of the pelvis. In
case of suspicion of recurrent or metastatic disease,
whole-body images may be needed.

3. Malignancy is defined only by the presence of meta-
static lesions at sites where chromaffin cells are normal-
ly absent (i.e. liver, lung, bone).

4. The presence of extraadrenal retroperitoneal PGL and/
or multifocal tumours increases the chance of hereditary
syndrome and an extensive search for additional PCCs/
PGLs and any other syndromic lesions (e.g. gastrointes-
tinal stromal tumour, renal cell carcinoma, pancreatic
tumour, haemangioblastoma, medullary thyroid carci-
noma (MTC), or pituitary tumours) is required.

5. All nonphysiological and suspicious foci of tracer up-
take must be described since PGL may arise in various
atypical locations (e.g., orbital, intrathyroidal, hypo-
glossal, cardiac, pericardial, gallbladder, cauda equina).

6. Metastases from PCC/PGL are often small and numer-
ous and could be difficult to precisely localize on cor-
egistered CT images of combined SPECT and PET/CT
(unenhanced procedure, thick anatomical sections, shift
between CT and PET images).

Reporting

The report to the referring physician should describe:

1. The clinical setting, a summary of results of previous
imaging, and the clinical question that is raised.

2. The procedure: radiopharmaceutical, activity adminis-
tered, acquisition protocol, CT parameters in case of
hybrid imaging and patient radiation exposure.

3. The positive findings and interpretation for each level
(i.e., H&N, chest, abdomen and pelvis, bone/bone
marrow)

4. Comparative data analysis with other imaging studies or
previous nuclear imaging.

5. Conclusion: if possible, a clear diagnosis should be
made accompanied, when appropriate, by a description
of the study limitations. When conclusive evidence
requires additional diagnostic functional or morpholog-
ical examinations or an adequate follow-up, a request
for these follow-up examinations should be included in
the report.

SPECT and PET imaging protocols

Conventional 123I-MIBG SPECT and 111In-pentetreotide
SPECT are well-established nuclear imaging modalities in
the staging and restaging of PCC/PGL. Also, SPECT/CT
has now become more widely available and has the advan-
tage of simultaneous acquisition of both morphological and
functional data, thus increasing diagnostic confidence in
image interpretation and enhancing sensitivity. However,
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these conventional examinations are associated with some
practical constraints such as long imaging times, gastroin-
testinal tract artefacts requiring bowel cleansing in some
patients, thyroid blockage and the need for withdrawal of
certain medications that interfere with interpretation. The
somewhat low resolution of conventional SPECT imaging
might limit the ability to detect tiny lesions. SPECT also
does not provide a quantifiable estimate of tumour metabo-
lism (tracer uptake). Thus, the use of PET imaging has
been growing rapidly in the imaging of PGLs, paralleled
by a great effort towards the development of new highly
sensitive tracers. 18F-FDG is the most accessible tracer
and is playing an increasingly important role in PCC/
PGL imaging. 18F-FDOPA is also available from differ-
ent pharmaceutical suppliers. Other tracers, such as 18F-
FDA (fluorodopamine) or 11C-HED (meta-hydroxephe-
drine) are also very specific and useful for localization
of PCC/PGL, but are presently available at only a few
centres. 68Ga-conjugated peptides are still in the evalu-
ation stage and are used in the setting of clinical trials,
although 68Ga-conjugated peptides are currently used in
many centres for clinical purposes.

123I-Iobenguane/123I-metaiodobenzylguanidine
scintigraphy

Radiopharmaceutical

MIBG is commercially available labelled with 123I or 131I. 123I-
MIBG scintigraphy is preferable to 131I-MIBG scintigraphy
because (a) it provides images of higher quality (the 159 keV
emission of 123I can be detected better with conventional
gamma cameras), (b) the lower radiation burden of 123I allows
a higher permissible administered activity, resulting in a higher
count rate, (c) SPECT can more feasibly be performed with
123I, and (d) with 123I-MIBG scintigraphy there is less time
between injection and imaging (24 h) than with 131I-MIBG
scintigraphy (48–72 h). Nevertheless, 123I-MIBG might not be
available in every nuclear medicine facility. Although 131I-
MIBG can be used in such circumstances, it is not recommen-
ded because of low sensitivity and unfavourable dosimetry.

Mechanism of cellular uptake

MIBG, an iodinated analogue of guanidine, is structurally
similar to norepinephrine (NE). Guanidine analogues have
the same transport pathway as NE via the cell membrane NE
transporter (NET). A nonspecific uptake has also been
reported for MIBG uptake in PCC/PGL tissues [3, 4]. In
the cytoplasmic compartment, MIBG is stored in the neuro-
secretory granules via vesicular monoamine transporters 1

and 2 (VMAT 1 and 2). This vesicular uptake is predomi-
nant in PCCs/PGLs [5] and remains in the cytoplasm in
neuroblastoma. MIBG specifically concentrates in tissues
expressing NET, allowing specific detection of other neuro-
endocrine tumours and to some degree the adrenal medulla.

Pharmacokinetics

After intravenous administration, MIBG concentrates in the
liver (33 %), lungs (3 %), heart (0.8 %), spleen (0.6 %) and
salivary glands (0.4 %). In the vascular compartment, the
small amount of remaining MIBG concentrates in platelets
through the 5HT transporter. Tracer uptake in normal adre-
nal glands is weak; normal adrenals can be faintly visible.
The majority of MIBG is excreted unaltered by the kidneys
(60–90 % of the injected dose is recovered in the urine
within 4 days; 50 % within 24 h), faecal elimination is weak
(<2 % up to day 4). In patients with PCC/PGL, uptake in the
heart and liver is significantly lowered by about 40 % [6].

Synthesis and quality control

MIBG labelled with 123I or 131I is currently commercially
available in a “ready to use” formulation and conforms to
the criteria laid down in the European Pharmacopoeia. The
labelled product is available in a sterile solution for intrave-
nous use. The solution is colourless or slightly yellow, con-
tains 0.15–0.5 mg/ml of MIBG, is stable for 60 h after
synthesis and can be diluted in sterile water or saline. The
activity of MIBG should be measured in a calibrated ioniza-
tion chamber, and radiochemical purity can be determined
using thin-layer chromatography.

Drug interactions

Many drugs modify the uptake and storage of MIBG and may
interfere with MIBG imaging [7]. For a review of drugs that
may interact or interfere with MIBG uptake, the reader can
refer to some previous reviews and guidelines [8, 9]. These
include opioids, tricyclic antidepressants, sympathomimetics,
antipsychotics and antihypertensive agents [8, 9]. Labetalol,
for example, has been reported to cause false-negative scans
and must be stopped 10 days prior to MIBG administration
[10, 11]. A single oral dose of amitriptyline, a tricyclic anti-
depressant, enhances cardiac MIBG washout [12]. A post-
therapy MIBG scan failed to detect the vast majority of
metastatic PCC/PGL lesions in a polytoxicomanic patient in
whom the diagnostic scan was positive [13]. Nifedipine, on
the other hand, can cause prolonged retention of the tracer in
PCCs/PGLs [14]. Very high serum catecholamines levels may
be associated with lower MIBG accumulation [15–18]. To
date, many of these interactions are suspected on the basis of
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in vitro/preclinical observations or only expected on the basis
of their pharmacological properties, and thus should be inter-
preted with caution. Furthermore, mechanisms involved in
MIBG uptake or retention may differ between models. For
example, specific uptake of MIBG is mediated by 5HT trans-
porters in platelets and by NET in PCC/PGL.

Side effects

& Rare adverse events (tachycardia, pallor, vomiting, ab-
dominal pain) that can be minimized by slow injection.

& No adverse allergic reactions.

Recommended activity

The recommended activities in adults are 40–80 MBq for
131I-MIBG, and 200–400 MBq for 123I-MIBG. The activity
administered to children should be calculated on the basis of
a reference dose for an adult, scaled to body weight accord-
ing to the schedule proposed by the EANM Paediatric Task
Group (123I-MIBG 80–400 MBq).

Administration

Intravenous injection. Slow injection is recommended (over
at least 5 min).

Radiation dosimetry

Dosimetry can be obtained from the ICRP tables. The ef-
fective doses are 0.013 mSv/MBq for 123I-MIBG and
0.14 mSv/MBq for 131I-MIBG in adults, and 0.037 mSv/
MBq for 123I-MIBG and 0.43 mSv/MBq for 131I-MIBG in
children (5-year old). There is an increased radiation dose
from CT in SPECT/CT protocols (volume CT dose index:
3–5 mGy depending on acquisition parameters).

Pregnancy

Clinical decision is necessary to consider the benefits
against the possible harm of carrying out any procedure in
patients known or suspected to be pregnant.

Breast feeding

Breast feeding should be discontinued for at least 2 days
after scintigraphy using 123I-MIBG and stopped completely
if 131I-MIBG is used.

Renal insufficiency

Plasma clearance of 123I-MIBG is reduced in patients with
renal insufficiency. 123I-MIBG is not cleared by dialysis [19].

Patient preparation

& Thyroid blockade (130 mg/day of potassium iodide;
equivalent to 100 mg of iodine) should be started
1 day before tracer injection and continued for 2 days
for 123I-MIBG and 5 days for 131-MIBG. Potassium
perchlorate may be substituted for iodine in iodine-
allergic patients and started 4 h before tracer injection
and continued for 2 days (400–600 mg/day).

& Drugs interfering with MIBG uptake and retention
should be discontinued. All but labetalol have to be
withheld for 1–3 days, depending on the medication,
with the exception of depot forms of antipsychotics,
for which the withdrawal period suggested is 1 month.
The decision should be weighed in the context of the
clinical setting.

Image acquisition and reconstruction

& 123I-MIBG scans are usually obtained 20 to 24 h after
tracer injection.

& Imaging field
Anterior and posterior planar static images of the

H&N (+ right and left lateral views), thorax, abdomen
and pelvis are obtained for 10–15 min per image (using
a 256×256 matrix, with a large-field-of-view camera, a
low-energy collimator, and a 20 % window centred at
the 159 keV photopeak). Many centres prefer medium-
energy collimators because they reduce septal penetra-
tion of high-energy photons that are part of the 123I
decay scheme.

& Optional images

– The imaging session may be completed with a
SPECT (SPECT/CT) scan over the anatomical
regions showing pathological tracer uptake on planar
images. The SPECT images are obtained over a 360°
orbit (128×128 word matrix, 6° angle steps, 30–45 s
per stop). Coregistered CT images (100–130 kV, mAs
modulation recommended) from SPECT/CT cameras
enable attenuation and facilitate precise localization
of any focus of increased tracer. Some authors con-
sider that SPECTor SPECT/CTshould be regarded as
a mandatory part of the study.

– Early static images at 4 to 6 h after injection.
– Planar whole-body imaging can also be performed.

For whole-body images, anterior and posterior images
are acquired into 1,024×512word or 1,024×256word
matrix for a minimum of 30 min (maximum speed
6 cm/min).

& Reconstruction
SPECT iterative reconstruction or reconstruction
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using another validated protocol that allows accurate
visualization of lesions (to be adapted to the clinical
setting), and CT-based attenuation correction for
SPECT/CT, can also be performed. Attenuation correc-
tion can be performed on SPECT images alone based on
the constant μ before or after processing (e.g. Sorenson,
Chang), but it is not usually done. Scatter correction
methods using spectral analysis can be used to improve
the accuracy of quantification.

Image processing

& Visual analysis
Physiological distribution: Normal uptake of 123I-MIBG

can be observed in the myocardium, salivary glands, thy-
roid gland (if no adequate thyroid blockade is performed),
liver, lungs, adrenal glands (slight uptake can be seen in up
to 80% of patients) and bowel. The large intestinemay also
be visible. Uptake in brown adipose tissue should be con-
sidered as a normal distribution of MIBG, although this
may be more common in children than in adults.

Pathological uptake: 123I-MIBG uptake in the adrenal
glands is considered normal if mild (less than or equal to
liver uptake) or symmetrical and when the glands are not
enlarged on the CT scan. High-intensity adrenal uptake
(more intense than liver uptake) or inhomogeneous adrenal
uptake is abnormal with a concordant enlarged gland.
Extraadrenal sites of uptake that cannot be explained by
normal physiological distribution are considered abnormal.
Precise SPECT/CT localization can be of help in the final
diagnosis.

& Quantification
The simplest and most reproducible methodology is

to quantify adrenal uptake on the 24-h planar images.
SPECT/CT offers the potential for quantification, but
requires further studies.

Pitfalls

& False-positives
CT-based attenuation correction often leads to en-

hanced physiological visualization of the adrenal medulla
and may therefore lead to false-positive interpretation. In
patients with MEN2, 123I-MIBG scintigraphy is of limited
value for discriminating physiological uptake from mild
adrenal medulla hyperplasia or small PCC. False-positive
results have also been related to tracer uptake by other
neuroendocrine lesions (carcinoid tumour, MTC, Merkel
cell carcinoma, ganglioneuroma). Rarely, MIBG uptake
has been reported in adrenocortical adenoma or carcino-
ma, retroperitoneal angiomyolipoma and haemangioma.
SPECT/CT may avoid misleading accumulations in the

liver (inhomogeneous uptake, hepatic haemangioma, he-
patocellular carcinoma), in the renal parenchyma (diffuse
for renal artery stenosis, focal for acute pyelonephritis) or
in the urinary tract (hydronephrosis, renal cysts).

& False-negatives
H&N PGL, retroperitoneal extraadrenal PGL, SDHB-

related tumours, small lesions, large PCC/PGL with
substantial necrosis or haemorrhage, poorly differentiat-
ed tumours (low expression of VMAT-1) are more prone
to yield false-negative results [20–24]. False-negative
results may also result from drug interferences.

Diagnostic accuracy

123I-MIBG scintigraphy has a sensitivity ranging from 83% to
100 % and a high specificity (95–100 %) for PCC. Its speci-
ficity decreases in MEN2-related PCC. Studies that have in-
cluded high numbers of extraadrenal, multiple or hereditary
PGLs have shown reduced sensitivity of 123I-MIBG scintigra-
phy (52–75 %) [20–23]. 123I-MIBG scintigraphy may be sub-
optimal in patients with special genotypic features such as in
VHL and SDHB-related PGLs [24–26]. In patients with meta-
static disease, 123I-MIBG scintigraphy may lead to a significant
underestimation of the extent of disease with potentially inap-
propriatemanagement. 123I-MIBG scintigraphymay also select
candidates for 131I-MIBG therapy. The sensitivity of 123I-
MIBG scintigraphy is low in H&N PGLs (18–50 %).

111In-Pentetreotide scintigraphy

Radiopharmaceutical

111In-Pentetreotide is a [111In-DTPA0] conjugate of octreo-
tide, a long-acting SST analogue.

Mechanism of uptake

111In-Pentetreotide specifically binds to SST receptors
(SSTR) expressed on cell membranes, especially subtypes
2 and 5 (SST4 and SST5). SSTR are expressed on many
cells of neuroendocrine origin, and therefore in tumours
derives from these cell types.

Pharmacokinetics

By 24 h after intravenous administration, 111In-pentetreotide
has cleared from the blood, almost entirely through the kidneys
(50% of the injected dose is recovered in the urine by 6 h, 85%
within 24 h). Some of the tracer is, however, retained in tubular
cells. Hepatobiliary excretion and spleen trapping are, respec-
tively, 2 % and 2.5 % of the administered dose. The pituitary
and thyroid glands can also be visualized [27, 28].
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Synthesis and quality control

111In-Pentetreotide is commercially available (Octreoscan®,
Covidien) and is supplied as a single-dose kit for radiolabelling.
The kit contains two sterile vials containing lyophilized pente-
treotide (10 μg) and indium chloride (122 MBq/1.1 ml at room
temperature). The radiopharmaceutical is prepared by adding to
the vial containing pentetreotide the desired activity of 111In-
indium chloride at room temperature. The preparation should be
used within 6 h and can be diluted in sterile saline (2–3 ml). The
preparation of the 111In-pentetreotide is stable for 6 h, and should
not be used if radiochemical purity is less than 98 %. The pH of
the solution ranges between 3.8 and 4.3. Instant thin-layer
chromatography can be used to check radiochemical purity with
0.1 N sodium citrate adjusted with HCl to pH 5 as the mobile-
phase (Rf values: 111In-pentetreotide 0.0, unbound 111In 1.0).

Drug interactions and side effects

The amount of pentetreotide injected is about 10 μg and is
not expected to have clinically significant pharmacological
effects. It has been proposed that SST analogue therapy
should be temporarily interrupted to avoid possible SSTR
blockade, but this needs to be discussed.

Recommended activity

The recommended administered activity is 185–222 MBq (5–
6 mCi) in adults and 5 MBq/kg (0.14 mCi/kg) in children.

Administration

Intravenous.

Radiation dosimetry

The effective dose equivalent is about 0.054 mSv/MBq in
adults and 0.16 mSv/MBq in children (5 years) [29–31].
There is an additional radiation dose from the CT scan in
SPECT/CT protocols (volume CT dose index: 3 to 5 mGy
depending on acquisition parameters).

Renal failure

In patients with significant renal failure, high blood pool
activity may hamper visualization of uptake foci. After
haemodialysis, an interpretable scintigram can be obtained.

Pregnancy

Clinical decision is necessary to consider the benefits
against the possible harm of carrying out any procedure in
patients known or suspected to be pregnant.

Breast feeding

Breast feeding should be discontinued for 4 days after
injection.

Patient preparation

& SST analogues are rarely used in the treatment of PGL/
PCC. Short-acting SST analogues may be discontinued
for 24 h before 111In-pentetreotide administration, while
long-acting preparations are preferably stopped 5–
6 weeks before the study, and patients should be
switched to short-acting formulations, if necessary [32,
33].

& Laxatives are advised, especially when the abdomen is
the area of interest. The use of laxatives considerably
reduces difficulties in interpretation of SPECT/CT scans
due to bowel activity.

& To reduce radiation exposure, patients should be well
hydrated before and for at least 1 day after injection.

Image acquisition

& Scans are obtained 4 h and 24 h after tracer injection.
& Imaging field

Images are acquired using two energy peaks at 171
and 245 keV and large field-of-view medium-energy
collimators.

– Anterior and posterior planar views of the H&N (+ right
and left lateral views) and thorax, abdomen and pelvis
are acquired at 4 h and 24 h (512×512 or 256×256
word matrix and are obtained for 10–15 min per view).

– SPECT images covering the anatomical regions
showing pathological tracer uptake on planar images
are clearly helpful when available. The SPECT
images are obtained for a 360° orbit (128×128 word
matrix, 6° angle steps, 30–45 s per stop). Coregistered
CT images (100–130 kV, mAs modulation recom-
mended) from SPECT/CTcameras enable attenuation
and facilitate precise localization of any focus of
increased tracer. SPECT/CT images are particularly
useful over the abdomen. If only one SPECT scan is
performed, acquisition at 24 h is preferred because of
a higher target-to-background ratio.

& Optional images

– Acquisitions (SPECT and/or planar views) may be
repeated at 48 h for clarification of equivocal ab-
dominal findings.

– Whole-body imaging may be performed at both im-
aging time points. For whole-body images, anterior
and posterior images are acquired into a 1,024×512
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word matrix or a 1,024×256 word matrix for a min-
imum of 30 min (maximum speed 6 cm/min).

Reconstruction

SPECT iterative reconstruction or other validated recon-
struction protocol that allows accurate visualization of
lesions (to be adapted to the clinical setting), and CT-based
attenuation correction for SPECT/CT can be performed..
Attenuation correction can be performed on SPECT images
alone based on a constant μ before or after processing (e.g.
Sorenson, Chang) but it is not usually done. Scatter correc-
tion methods using spectral analysis can be used to improve
the accuracy of quantification.

Image analysis

& Visual analysis
Physiological distribution: Uptake is seen in the

spleen, kidney, liver, bowel (visible on 24-h images),
and the gallbladder if fasting. Moderate uptake is often
seen over the pituitary and the thyroid glands. Normal
adrenal glands can also be faintly visible. Other sites
with faint uptake are the pituitary and the thyroid glands
(increased diffuse uptake in thyroiditis).

Pathological uptake: As a rule, and especially in the
abdomen, accumulation of radioactivity at an abnormal
site is considered to represent SSTR binding only if it is
present on the scintigrams from the two standard imaging
time points.

& Quantification
The optimal time to quantify tumours is at 24 h after

injection or later. Tumour uptake should be scored using
visual criteria as follows: 0 no uptake; 1 very low/equiv-
ocal uptake; 2 clear, but faint uptake (less than or equal
to liver uptake); 3 moderate uptake (higher than liver
uptake); 4 intense uptake. This scoring is rather used in
selecting candidates for targeted radionuclide therapy.

Pitfalls

& False-positives
Renal parapelvic cysts, accessory spleen or abdomi-

nal hernia. False-positive results may be related to tracer
uptake by other neuroendocrine lesions or other SST2-
expressing tumours (thyroid or breast disease are the
most frequent causes of false-positive foci) [33]. Since
SST2 is overexpressed in activated lymphocytes and
macrophages, false-positive images may also be related
to granulomatous and inflammatory diseases.

& False-negatives
Small H&N PGLs, abdominal PGLs.

Diagnostic accuracy

In parasympathetic H&N PGLs, several studies have dem-
onstrated the superiority of 111In-pentetreotide scintigraphy
compared to 131I/123I-MIBG, with sensitivities of 89–100 %
and 18–50 %, respectively [34–39]. However, its sensitivity
needs to be revised in patients with hereditary syndromes
because some additional lesions can be in the millimetre
range and not detectable by conventional scintigraphy [40].

The sensitivity of 111In-pentetreotide is clearly inferior to
that of 123I-MIBG scintigraphy in abdominal and metastatic
PGL, even though it can provide additional information in
some patients with rapidly progressing metastatic PGL [20,
41–43]. 111In-Pentetreotide may also detect other syndromic
lesions (e.g. neuroendocrine pancreatic tumour, MTC, or
pituitary tumours).

PET imaging with 68Ga-conjugated peptides

Radiopharmaceuticals

SSTRs have been imaged by PET using DOTA-coupled
SST agonists (SSTa) labelled with 68Ga (68Ga-conjugated
peptides) as tracers. 68Ge/68Ga generators and DOTA pep-
tides do not yet have marketing authorization. 68Ga-conju-
gated peptides are available as radiotracers prepared in-
house and must fulfil the criteria laid down in the European
Pharmacopoeia monographs and/or good radiopharmaceuti-
cal practice.68Ga is a positron-emitting radioisotope allow-
ing, when labelled with DOTA peptides, PET scanning of
SSTR. Due to the short half-life of 68Ga (68 min), 68Ga-
conjugated peptides are synthesized exclusively on the day
of examination.

Mechanism of cellular uptake

Tracer binding and retention depends on the density of
SSTRs on the cell surface and the degree of internalization
of the ligand–receptor complex. All radiolabelled DOTA
peptides can target SSTR2 effectively, which is the one most
overexpressed in PGLs. SST1 is also strongly expressed in
some PGLs, while other receptor subtypes are only slightly
expressed or not at all. The low expression of SST5 ob-
served in PGLs constitutes a major difference from some
endocrine tumours of the gastrointestinal tract.

Currently, three DOTA-coupled peptides (DOTATOC,
Tyr3-octreotide; DOTATATE, Tyr3-octreotate; and DOTA-
NOC, Nal3-octreotide) have shown excellent affinity for
SST2 receptors (IC50 2.5 nM, 0.2 nM, and 1.9 nM, respec-
tively). DOTA-NOC also binds specifically to SST3, SST4
and SST5 receptors. DOTA-TOC also binds to SST5 (al-
though with lower affinity than DOTA-NOC) [44–46].
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Pharmacokinetics

After intravenous administration, DOTA peptides concen-
trate in the kidney (5 %), liver (2 %), spleen (2 %) and
pituitary gland (0.02 %). Maximal tumour activity is
reached in 60 min. DOTA peptides are mainly excreted by
the kidney (40–75 % of the injected dose at 3 and 24 h,
respectively, after injection). Less than 2 % of the injected
dose is excreted in the faeces up to 48 h.

Synthesis and quality control

Currently, neither 68Ge/68Ga generators nor DOTA-
conjugated peptides have marketing authorization and
therefore have to be prepared according to the national
regulations and good radiopharmaceutical practice and
as laid down in the European Pharmacopoeia mono-
graphs [GALLIUM (68Ga) EDOTREOTIDE INJEC-
TION]. Radiolabelling of these peptides with 68Ga is
robust (radiochemical purity >95 %), requires between
20 and 30 min, and is entirely automated. Briefly, the
labelling procedure is divided into the following steps
[47].

– 68Ga elution: 68Ge/68Ga generators are eluted with
hydrochloric acid solution (0.1–1 N).

– DOTA-peptide radiolabelling: radiolabelling is per-
formed using an automated system allowing eluate
purification and peptide labelling at an elevated
temperature and suitable pH.

– Purification: if necessary, purification can be per-
formed using a chromatographic cartridge. The
method used must ensure that the level of 68Ge is
lower than 0.001 % of the total activity and the
radiochemical purity of 68Ga-DOTA-peptide more
than 95 %.

– Sterilization: the final solution must be sterilized using
sterilizing filtration.

– Quality controls: appearance, pH, bacterial endotoxins,
radionucleidic and radiochemical purity must be
assessed before injection using validated methods. Ste-
rility testing must be done, but the injection may be
released for use before completion of the test.

The amount of DOTA-peptide injected should be less than
50 μg. A blocking effect in the tumour tissue has been
reported at higher amounts of DOTA-peptide (250,
500 μg) [48].

Drug interactions and side effects

SST analogues may affect tracer accumulation in organs and
in tumour sites.

Recommended activity

The activity administered ranges from 100 to 200 MBq.

Administration

Intravenous.

Radiation dosimetry

The effective dose ranges from 0.0042 to 0.015 μSv/MBq.

Pregnancy

Clinical decision is necessary to consider the benefits
against the possible harm of carrying out any procedure in
patients known or suspected to be pregnant.

Breast feeding

Breast feeding should be discontinued for 12 h after injection.

Patient preparation

There is no need for fasting before injection. It has been
recommended that octreotide therapy be discontinued (1 day
for short-lived molecules and 3–4 weeks for long-acting ana-
logues). To date, this issue is still not definitively clarified.

Image acquisition

Scans are usually obtained from 45 to 90 min after tracer
injection from the base of the skull to the mid-thighs (or over
the whole-body depending on the clinical setting). There is no
generally accepted acquisition time in the literature.

Image reconstruction

Data acquired in 3D mode can be reconstructed directly
using a 3D reconstruction algorithm or rebinned as 2D data
and subsequently reconstructed with a 2D reconstruction
algorithm. Iterative reconstruction algorithms are the current
standard for clinical routine. CT-based attenuation correc-
tion can be performed.

Image analysis

& Visual analysis
Physiological distribution: the distribution is similar

to that of 111In-DTPA-octreotide. Intense accumulation
of radioactivity is seen in the spleen (and accessory
spleen if present), kidneys, adrenals and pituitary. Accu-
mulation in the liver is usually less intense than that
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noted in the spleen. The thyroid and salivary glands are
faintly visible. Additionally, variable tracer uptake is
frequently found in the pancreas particularly in the un-
cinate process [49]. The prostate gland and breast glan-
dular tissue may show diffuse low-grade uptake of 68Ga-
DOTA-conjugated peptides.

& Quantification
SUV is an easily measured and useful parameter for

tumour characterization, if taken in a standardized man-
ner. It is important that the PET/CT system is calibrated
for the half-life of 68Ga.

Pitfalls

& False-positives
Other diseases characterized by a high SST status,

and activated lymphocytes at sites of inflammation may
produce false-positive results.

Pancreatic accumulation (most frequently in the un-
cinate process) may mimic focal tumour disease in the
pancreas.

& False-negatives
There are insufficient data to draw conclusions re-

garding sensitivity.

Diagnostic accuracy

The new PET tracers targeting SSTRs are now under evalua-
tion in PGLs and published data are limited to case reports and
small series [50–56]. 68Ga-DOTATOC and 68Ga-DOTATATE
PET/CT has been found to be superior to 123I-MIBG SPECT
in some patients with aggressive PGLs probably because of a
certain level of functional dedifferentiation [53].

18F-FDOPA PET

Radiopharmaceutical

6-[18F]Fluoro-L-DOPA

18F-FDOPA is commercially available conditioned in a ster-
ile single-dose or multidose solution for intravenous use.
The solution is colourless or pale yellow.

Mechanism of cellular uptake

PCCs/PGLs can take up and decarboxylate amino acids
such as dihydroxyphenylalanine (DOPA). This property,
common to tumours in the APUD system (Amine Precursor
Uptake and Decarboxylation), depends on an enzyme,
which catalyses the limiting step in the synthesis of cate-
cholamines: L-aromatic amino acid decarboxylase (AADC).

DOPA, the precursor of all endogenous catecholamines, is
taken up through a neutral amino acid transporter (LAT1/
4F2hc complex). 18F-FDOPA binds to LAT1 with high
affinity and is converted into 18F-FDA by cytosolic
AADC, which enters the catecholamine storage vesicles.
It has been shown in different cancer models that LAT1
overexpression is essential for amino acid supply and
tumour growth.

Pharmacokinetics

After intravenous administration, 18F-FDOPA is specifically
trapped by tissues expressing LAT1 and follows the meta-
bolic pathways of L-DOPA. Plasmatic 18F-FDOPA is me-
tabolized by COMT and AAAD. 18F-FDOPA is quickly
converted into 18F-dopamine in the proximal renal tubule
and other target tissues and eliminated in the urine (50 %
within 1 h and the rest within 12 h).

PCC/PGLs take up 18F-FDOPA very quickly. At best, the
acquisition for static clinical PET imaging of PCC/PGL with
18F-FDOPA can start at 20 min after injection for maximum
uptake in tumours. After this time, a very slight decrease in
the tumour SUV starts, which still amounts to 80 % of the
maximum value after 132 min [57]. Some authors report
using premedication with carbidopa (an AADC inhibitor) to
improve central nervous system bioavailability of the tracer
and to decrease physiological uptake by the pancreas [58].

Synthesis and quality control

The synthesis of 18F-FDOPA requires up to 4 h and suffers
from a low labelling yield of between 11 % and 25 % [59,
60]. 18F-FDOPA can be supplied already labelled in either
of two different formulations that conform to the criteria laid
down in the European Pharmacopoeia. One is “ready to
use”, while the other needs to be extemporaneously neutral-
ized using a bicarbonate buffer kit supplied by the manu-
facturer. In the second case, the pH needs to be checked and
should be kept between 4.0 and 5.0. These two formula-
tions seem to be equivalent, and no additional quality
control is needed. Striatum uptake of 18F-FDOPA sug-
gests integrity of the labelled molecule and can be used
as a positive control. 18F-FDOPA can also be prepared
in-house in accordance with the criteria laid down in the
European Pharmacopoeia.”

Drug interactions and side effects

Pain during injection has been reported.
Haloperidol and reserpine have been reported to, respec-

tively, increase and decrease striatal 18F-FDOPA retention
[61, 62]. There is no report of drug interaction in PCCs/
PGLs.
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Recommended activity

4 MBq/kg.

Administration

Intravenous.

Radiation dosimetry

The effective dose equivalent in adults ranges from 0.0199
to 0.0539 mSv/MBq [63–65].

Pregnancy

Clinical decision is necessary to consider the benefits
against the possible harm of carrying out any procedure in
patients known or suspected to be pregnant.

Breast feeding

Breast feeding should be discontinued for 12 h after
treatment.

Patient preparation

Patients should fast for at least 4 h. The administration of
200 mg of carbidopa 1 h prior to 18F-DOPA injection has
been reported to increase tumour uptake [58].

Image acquisition

& Timing of imaging and imaging fields:
Scans are usually obtained from 30 to 60 min after tracer

injection from the base of the skull to the mid-thighs (or
over the whole-body depending on the clinical setting).

& Optional images

– Early images (10 min after tracer injection) centred
over the abdomen may be acquired to overcome
difficulties in localizing abdominal PGL located
near the hepatobiliary system due to physiological
tracer elimination.

– Early images (from 10 to 20 min) centred over the
neck may also be acquired in patients with MEN2
with residual hypercalcitoninaemia [66]. MTC
lesions often show rapid washout and are better
visualized on these early images [67].

Image reconstruction

Data acquired in 3D mode can be reconstructed directly
using a 3D reconstruction algorithm or rebinned as 2D data

and subsequently reconstructed using a 2D reconstruction
algorithm. Iterative reconstruction algorithms represent the
current standard for clinical routine. CT-based attenuation
correction can also be performed.

Image analysis

& Visual analysis
Physiological distribution: uptake is seen in the stria-

tum, kidneys, pancreas, liver, gallbladder, biliary tract
and duodenum. Adrenal glands can be faintly visible.

Pathological uptake: any nonphysiological extraadre-
nal focal uptake or asymmetrical adrenal uptake with a
concordant enlarged gland or adrenal uptake more in-
tense than that of the liver with a concordant enlarged
gland can be considered pathological.

& Quantification

& SUVis the easiest and most practical parameter to measure.
& The metabolic tumour burden (MTB) is calculated as the

product of metabolic tumour volume (MTV) and SUV-
mean. MTV can be obtained using the voxels above
40 % (for the MTV40) of the maximum count in the
tumour volume of interest. The whole-body MTV has
been found to correlate with hormonal levels [23].

Pitfalls

& False-positives
False-positive results may be related to tracer uptake

by other neuroendocrine lesions. Rarely, uptake may be
due to nonnspecific inflammation (pneumonia, postop-
erative changes), since high levels of amino acid trans-
port have also been found in macrophages.

& False-negatives
Small lesions, abdominal SDHx-related PGLs.

Diagnostic accuracy

In a recent metaanalysis of 11 studies (275 patients), the
pooled sensitivity and specificity in a per lesion-based anal-
ysis of 18F-FDOPA PET/CT in detecting PCC/PGL were
79 % (95 % CI 76–81 %) and 95 % (95 % CI 84–99 %),
respectively [68]. The most significant factors influencing
visualization of 18F-FDOPA-avid foci are tumour location
and genetic status. 18F-FDOPA PET is not a MIBG scan
with higher sensitivity, but a new specific radiotracer with
its own advantages and limitations [23, 26, 69–74].
Reported sensitivities range from 81 % to 100 %. A special
advantage of 18F-FDOPA PET over 123I-MIBG and other
specific PET tracers stems from its lack of significant uptake
in normal adrenal glands [75]. This is particularly helpful in
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patients with MEN2. 18F-FDOPA PET may also detect
residual MTC lesions and other syndromic tumours such
as pancreatic neuroendocrine tumours that may occur in
patients with VHL syndrome (especially after carbidopa
premedication).

Several studies have shown that 18F-FDOPA PET/CT
is an excellent first-line imaging tool in H&N PGLs
with a sensitivity approaching 100 % [22, 23, 40, 50,
73, 76–78]. It is able to detect tiny jugular lesions that
remain occult on conventional morphological imaging.
This is due to the high avidity of H&N PGLs for 18F-
FDOPA and the absence of physiological uptake in the
adjacent structures (excellent signal-to-noise uptake ra-
tio). The specificity of 18F-FDOPA PET is similar to
that of MIBG scintigraphy. Its sensitivity approaches
100 % in PCCs, but can be lower in extraadrenal
retroperitoneal PGLs potentially coexisting with supra-
diaphragmatic locations in SDHx-related syndromes [22,
23, 40, 68, 73]. In patients with VHL syndrome, 18F-
FDOPA PET may detect pancreatic neuroendocrine
tumours [79]. In metastatic disease, 18F-FDOPA PET
most frequently performs better in SDHB-negative
patients than in SDHB-positive patients (sensitivity
20 % in carriers of SDHB mutation vs. 93 % in patients
without SDHB mutations) [23, 70, 73, 80].

18F-FDG PET

Radiopharmaceutical

18F-FDG is commercially available as a “ready to use”
formulation and conditioned in a sterile single-dose or mul-
tidose solution for intravenous use.

Mechanism of cellular uptake

18F-FDG is taken up by tumour cells via glucose membrane
transporters and phosphorylated by hexokinase into 18F-
FDG-6P. 18F-FDG-6P does not follow further enzymatic
pathways and accumulates in proportion to the glycolytic
cellular rate. It is remarkable that many genes (SDHx, VHL)
involved in tumorigenesis regulate energy metabolism and
cellular responses to hypoxic stress. Inactivation of VHL
and SDHx genes upregulates HIF-α (hypoxia-inducible fac-
tor) and specific HIF downstream targets including GLUT
transporters [81–85] resulting in increased 18F-FDG uptake
in PCC/PGL [86].

Pharmacokinetics

After intravenous administration, 18F-FDG is rapidly
cleared from the blood, and concentrates in the heart

(3 %), lung (1–2 %), spleen (0.3 %) and liver (0.3 %).
There is also high uptake in the brain. The majority of
the 18F-FDG is excreted unaltered via the kidneys
(20 % of the injected dose is recovered in the urine
within 2 h).

Synthesis and quality control

18F-FDG is commercially available or is prepared in-house
in a “ready to use” formulation and conforms to the criteria
laid down in the European Pharmacopeia.

Drug interactions and side effects

Blood glucose levels are measured before administering
FDG, and thereby detect any drug interaction with glucose
metabolism should be detected. Chemotherapy may change
FDG tumour uptake by altering cellular metabolism. The
timing of restaging with PET depends on the therapy (from
2 to 5 weeks after the end of chemotherapy in patients with
metastatic tumours).

Recommended activity

2–5 MBq/kg.

Administration

Intravenous.

Radiation dosimetry

The effective dose equivalent is 2×10−2 mSv/MBq.

Pregnancy

Clinical decision is necessary to consider the benefits
against the possible harm of carrying out any procedure in
patients known or suspected to be pregnant.

Breast feeding

Breast feeding should be discontinued for 12 h after imaging.

Patient preparation

Patients must fast for at least 6 h prior to FDG injection.
Patients with PCC and secondary diabetes (about 35 % of
patients) require specific instructions for glucose control.
During FDG injection and the subsequent uptake phase,
patients should remain seated or recumbent, and kept warm,
in a darkened and quiet room.
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Image acquisition

& Timing of imaging
Scans are usually obtained at 60 min (45 to 90 min)

after injection.
& Imaging field

From the base of the skull to the mid-thighs (or
whole-body imaging, depending on the clinical setting).

Image reconstruction

Data acquired in 3D mode can be reconstructed directly using a
3D reconstruction algorithm or rebinned as 2D data and subse-
quently reconstructed using a 2D reconstruction algorithm. Itera-
tive reconstruction algorithms are the current standard for clinical
routine. CT-based attenuation correction can also be performed.

Image analysis

& Visual analysis
Physiological distribution: uptake can be seen in the

brain cortex, salivary glands, lymphatic tissue of the Wal-
deyer’s ring, muscles, brown fat, myocardium, mediasti-
num, liver, kidneys and bladder, gastrointestinal tract,
testes, uterus and ovaries (before menopause). Physiolog-
ical 18F-FDG uptake in brown adipose tissue occurs pre-
dominantly in younger patients. In patients with NE-
secreting PCC/PGL, there is an increase in uptake in
brown adipose tissue due to stimulation of brown adipo-
cytes by NE. The level of physiological 18F-FDG uptake
in normal adrenal glands is low even after contralateral
adrenalectomy for PCC but contrasts with the enhanced
uptake observed after adrenalectomy for cancer of the
adrenal cortex [75, 87].

Pathological uptake: any nonphysiological extraadre-
nal focal uptake or adrenal uptake more intense than that
of the liver with a concordant enlarged gland can be
considered pathological.

& Quantification
SUV is the easiest parameter to measure for tumour

characterization. SUV provides an estimate of normalized
tumour uptake, with no simple relationship with the glu-
cose metabolic rate. Additional methods may be used for
evaluation ofmetabolic response to treatment inmalignant
forms. However, such methods are currently under devel-
opment and need to be refined and standardized. In any
case, images have to be acquired before and after treat-
ment in quasi-identical conditions to observe changes
related to the tumours only. FDG uptake is influenced by
many factors, of which the most are biological (e.g. his-
tology, genetic status) and physical (partial volume effect,
motion artefacts) [88].

Pitfalls

& False-positives
Several potential diagnoses should be considered in

patients with a highly avid adrenal mass (an adrenal to
liver SUVmax ratio of >2): adrenocortical carcinoma,
primary lymphoma, metastasis, myelolipoma (uptake by
the myeloid tissue component of the mass) and oncocy-
toma. When a mass is moderately avid for 18F-FDG,
other aetiologies should be considered: adrenal cortex
adenoma, ganglioneuroma, metastasis (small lesions or
from cancer with lower malignant potential, sarcoma),
haematoma and adrenocortical hyperplasia. Extraadre-
nal uptake may be due to inflammatory and neoplastic
processes.

& False-negatives
Sporadic PCCs and retroperitoneal extraadrenal

PGLs, MEN2-related PCC, H&N PGL.

Diagnostic accuracy

The most significant factors influencing visualization of
18F-FDG-avid PGL foci are tumour location, genetic
status and degree of tissue differentiation. 18F-FDG
PET positivity is almost a constant feature of PCCs.
This finding contrasts with the observation that other
endocrine tumours usually exhibit high 18F-FDG uptake
in the later stages of the disease. Some features are
suggestive of PCC (e.g. well-limited tumour without
vena cava involvement, and decreased uptake in the
central area indicating parenchymal degeneration, and
calcifications on unenhanced CT images). Uptake may
be widely variable between PCCs. Sensitivity and neg-
ative predictive value are very high (80–100 %), but the
positive predictive value is lower due to lack of speci-
ficity of 18F-FDG. The sensitivity of 18F-FDG PET is
also mainly influenced by the genetic status of the
patient [87, 89]. In patients with a MEN2-related PCC,
18F-FDG PET is 40 % sensitive. 18F-FDG PET may
also detect other syndromic lesions (e.g. gastrointestinal
stromal tumour, renal cell carcinoma, pancreatic tumour,
MTC, or pituitary tumour) [79]. 18F-FDG PET is also
more frequently helpful in metastatic disease with
SDHB mutations and might be suboptimal in other
patients (sensitivity per lesion 83 % in SDHB-positive
vs. 62 % in SDHB-negative patients).

Other PET tracers

99mTc-Hydrazinonicotinamide-Tyr(3)-octreotide (99mTc-
TOC) is increasingly gaining acceptance as a new
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radiopharmaceutical for diagnosis of SSTR-expressing
tumours [90, 91]. 18F-FDA (fluorodopamine) PET has been
developed at the National Institutes of Health in Bethesda,
MD, and is currently used as an experimental tracer at the
NIH only. 18F-FDA is captured by tumour cells via the NET
and stored in intracellular vesicles. 18F-FDA PET seems to
be a very promising tool in the management of PGLs asso-
ciated with the sympathetic system [20, 21, 92, 93]. 11C-
Hydroxyephedrine (11C-HED) has also been evaluated, but
its synthesis is complex and the short half-life of 11C is a
major drawback to its routine clinical use [94–98]. MIBG
analogues for PET imaging have been used in a few studies,
but to our knowledge, no clinical studies have yet been
reported [99–101]. The influence of some new drugs (his-
tone deacetylase inhibitors) on tracer uptake is also under
investigation [102].

Recommendations for clinical practice

Successful PCC/PGL management requires an multidisci-
plinary team approach. Precise identification of the clinical
context and genetic status of patients enables personalized
use of functional imaging modalities [1, 87, 103, 104]
(Fig. 1). It is expected that the early detection of PCC/
PGL with modern PET imaging will very soon lead to the
best staging of these tumours, thus minimizing complica-
tions related to the mass effect and hormone excess, facili-
tating the most appropriate curative treatment options and
reducing the risk of metastatic spread.

Apparently sporadic nonmetastatic PCCs

123I-MIBG is as sensitive as PET imaging (18F-FDOPA
PET, 18F-FDA PET, 18F-FDG), and definitely superior to
111In-pentetreotide SPECT(/CT) in localizing nonmetastatic
sporadic PCC. 123I-MIBG scintigraphy appears sufficient to
confirm the diagnosis of PCC even in rare cases of non-
hypersecreting PCC. With its ability for whole-body
screening, it can rule out extraadrenal disease and act
as a guide for additional CT and MRI investigations.
There is no clear advantage of using PET tracers over
123I-MIBG scintigraphy in these patients. Their use
should be reserved for MIBG-negative cases, multifocal
tumours on 123I-MIBG scintigraphy and/or patients tak-
ing drugs that significantly interfere with the accuracy
of 123I-MIBG scintigraphy.

H&N PGLs

18F-FDOPA PET appears to be the most sensitive imaging
tool for these tumours in general with a sensitivity approach-
ing 100 %. In the absence of 18F-FDOPA, SSTR scintigra-
phy with 111In-pentetreotide SPECT(/CT) acquisition may
be used as the first-line evaluation. PET imaging with 68Ga-
conjugated peptide SST analogues seems to be highly sen-
sitive and deserves to be compared with 18F-FDOPA in
clinical trials. 123I-MIBG scintigraphy and 18F-FDA PET
are not sufficiently sensitive. 18F-FDG PET has high sensi-
tivity in the setting of SDHx-related H&N PGLs and may
help detect additional thoracic/abdominal tumours.

Fig. 1 Clinical algorithm for imaging investigations in PCC/PGL.
Based on the above considerations, the following algorithm can be
proposed based on the clinical situation. This algorithm should be
adapted to the practical situation in each institution, and should evolve
with time. In bold First-line imaging procedures according to

accessibility of tracers and clinical approvals in European countries.
18F-FDA and 68Ga-DOTA-SSTa (asterisks) are experimental tracers
that should be used in the setting of clinical trials. 18F-FDA PET is
currently used at the NIH only. 68Ga-DOTA-SSTa is now accessible in
many clinical and research centres in Europe
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Retroperitoneal extraadrenal nonmetastatic PGLs

In patients with a retroperitoneal extraadrenal nonrenal
mass, imaging should differentiate a PGL from a neurogenic
tumour, lymph node diseases, or a mesenchymal tumour.
Therefore, the specificity of functional imaging provides an
important contribution. Once the diagnosis of PGL has been
established, the multiplicity of extraadrenal localizations
should be considered.

18F-FDOPA PET has higher sensitivity than 123I-MIBG
scintigraphy, and is more specific than 18F-FDG PET.
Therefore, at present, 18F-FDOPA PET is probably the pre-
ferred imaging modality when PGL is suspected. 18F-FDG
PET is especially sensitive in the setting of SDHx- and
VHL-related sympathetic PGLs. 18F-FDA PET has the
highest sensitivity and specificity across genetically differ-
ent PGLs, but suffers from its limited availability.

Metastatic PCC/PGL

Several studies have demonstrated the limitations of using
123I-MIBG scintigraphy alone in the staging and restaging
of hereditary and metastatic PCCs/PGLs. The use of 123I-
MIBG may lead to significant underestimation of metastatic
disease with potentially inappropriate management. 18F-
FDG PET is the imaging modality of choice for SDHB-
related metastatic PCCs/PGLs. 18F-FDOPA PET/CT may be
the imaging modality of choice in the absence of SDHB
mutations, or when genetic status is unknown. Once it
becomes more widely available, 18F-FDA PET might be
used as a first-line diagnostic imaging modality in patients
with metastatic PCCs/PGLs, whatever their genetic status.
The main purpose of 123I-MIBG or 111In-DTPA-octreotide
scintigraphy in a patient with metastases is to determine if
internal targeted radiotherapy is an appropriate treatment
choice.

MEN2-related PCC

Limited data are available in the literature with respect to
imaging studies in patients with MEN2. Many of these
patients do not need any specific functional imaging if a
tumour is confined to the adrenal gland with concomitant
and characteristic elevation of plasma or urine metanephrine
levels. 123I-MIBG scintigraphy can be used in the detection
of these tumours, but sensitivity and specificity are subop-
timal. The absence of high 18F-FDOPA uptake by healthy
adrenal glands is an interesting feature in the diagnosis,
staging and restaging of MEN2-related PCC. 18F-FDG
PET is not sufficiently sensitive in this clinical setting.

Conflicts of interest None.
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