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Pheochromocytomas–paragangliomas (PPG) are rare

tumors that, when originating in the adrenal medulla or

sympathetic paraganglia, are characterized by increased

synthesis and secretion of catecholamines and expression

of catecholamine reuptake transporters. Furthermore, as

neuroendocrine tumors, PPG may express cell membrane

somatostatin receptors. These characteristics make PPG

amenable to various functional imaging (FI) modalities

that, in conjunction with anatomic imaging (AI) such as

computed tomography (CT) and magnetic resonance

imaging (MRI), can assist with the localization and char-

acterization of these unique neoplasms. Several FI

modalities are currently available, including (i) target cat-

echolamine physiology [123I- or 131I-meta-iodobenzyl-

guanidine (MIBG); 18F-fluoro-dihydroxyphenylalanine

(18F-DOPA) positron emission tomography (PET); 18F-

fluorodopamine (18F-FDA) PET], (ii) identify somatostatin

receptor expression [111In-DTPA-pentetreotide (oc-

treotide); 68Ga-DOTATATE PET], or (iii) target increased

tumoral glucose uptake [18F-fluorodeoxyglucose (FDG)

PET].

The role of FI in the routine evaluation of PPG remains

poorly studied, partly due to the rarity of these tumors and

the fact that few centers see large numbers of such patients,

which makes prospective hypothesis-driven studies diffi-

cult to achieve. Additionally, although some FI studies

(such as MIBG and FDG-PET scans) are widely available

for clinical use, other modalities remain experimental and

difficult to obtain outside of a clinical research setting.

Furthermore, all FI technologies are expensive, and the

cost-effectiveness of FI as part of routine clinical practice

has not been studied.

The current study by Brito and colleagues [1] was

commissioned by the Endocrine Society as it developed its

inaugural PPG guideline [2], and the goal of the study was

to describe the additive benefit of FI in PPG patients who

had undergone routine AI with CT/MRI. Brito et al. [1]

conducted a systematic literature review of 32 studies

published from 1983 to 2012 that evaluated FI in patients

with biochemically proven PPG. The systematic review

included data from 1264 patients and used a clearly defined

methodology. The authors found that FI testing incre-

mentally aided in PPG localization in only 21/1445 (1.5 %)

primary tumors and 28/805 (3.5 %) of metastases, leading

them to conclude that FI tests have a limited role in the

routine diagnostic evaluation of PPG. In fact, in more than

95 % of patients with resectable disease, CT/MRI scans

were sufficient for determining appropriate treatment.

Furthermore, in malignant PPG, 18F-DOPA PET, and 18F-

FDA PET were the most successful at identifying lesions

not detected via AI, providing additional benefit in 6/60

(10 %) and 5/78 (6.4 %) cases, respectively.

Although a good first step in better understanding the

utility of FI in the diagnosis of PPG, the current study has

some unavoidable limitations. All of the studies examined

lacked a control group, and most of these were retrospec-

tive in nature. Furthermore, some studies evaluated PET

without simultaneous CT likely reducing the PET perfor-

mance for localizing PPG. In addition, many of the primary

studies did not include relevant information on the clinical

and genetic aspects of PPG that have been delineated over

the last decade (e.g., genotype analysis, biochemical phe-

notype, and clinical factors that help predict malignant
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disease). Given that the studies spanned almost three dec-

ades and that AI has significantly improved in terms of

anatomic resolution over that same timespan, it is also

unclear if any incremental benefit of FI would be identified

in the contemporary era of AI. Finally, the current study is

understandably not able to address several other unresolved

clinical questions such as (i) the number of patients needed

to screen for FI to be a cost-effective approach, (ii) the rate

of false positive FI tests that may lead to inappropriate

surgical procedures, (iii) the clinical significance (or not) of

missing a small PPG or PPG metastasis that can only be

identified via FI modalities, (iv) the impact of FI testing on

surgical considerations such as the feasibility of and

approach to surgery, (v) the utility of FI to rule out a PPG

in the setting of a false positive CT/MRI, and (vi) as

pointed out by the authors, the role of FI in improving

patient-important outcomes.

Although the results of this meta-analysis must be

interpreted cautiously, especially given the large amount of

data from the primary studies that are not readily available,

Brito et al. have enhanced our understanding of the role of

FI in routine clinical practice. This has led the Endocrine

Society to recommend FI testing only in particular clinical

scenarios: in the work-up of patients at high risk for or

known to have metastatic disease and in those in whom the

use of therapeutic radiopharmaceuticals is a consideration.

Given our clinical experience and based upon the fact

that most PPG are benign intra-abdominal tumors, we also

believe that the vast majority of patients with PPG, espe-

cially those presenting with clinical signs or symptoms,

will easily and accurately be diagnosed via conventional

AI, a conclusion supported by the current study. However,

there are still subsets of patients in whom FI may play an

important role: (i) patients with clinical predictors of

malignant disease [3], (ii) patients with known metastatic

disease [4], especially if this may change clinical man-

agement or lead to radiopharmaceutical therapy [5], and

(iii) patients with hereditary tumor syndromes, especially

the familial paraganglioma syndromes, that predispose

affected individuals to multifocal and extra-adrenal tumors

[6].

Patients with malignant PPG are especially good can-

didates for FI testing. Although macroscopic lymph node,

lung, and liver metastases are relatively easy to identify via

conventional AI, bone metastases are not. Bone metastases,

which occur in approximately 72 % of malignant PPG

patients, are frequently identified by FI rather than CT/MRI

[7]. Therefore, knowledge of bone metastases, which may

only be possible via FI, may lead the clinician to recom-

mend local, antiresorptive, and/or systemic therapies to

decrease the rate of skeletal-related events [7]. As clinical

trials to treat malignant PPG are developed (www.

clinicaltrials.gov), FI should be incorporated as an

exploratory endpoint to correlate with objective response

rates [8].

An unresolved issue in the management of patients with

a germline SDHx mutation is whether or not FI will play a

role in the prospective screening for clinical manifestations

of the familial paraganglioma syndromes. A recent study

has suggested that FDG-PET/CT might be a very sensitive

tool for the early identification of PPG in asymptomatic

SDHx carriers [9]. Further study into the efficacy and cost-

effectiveness of routine FI screening in this population will

be required but may not be necessary given the evolution of

whole body MRI as a screening modality [10]. Hypothet-

ically, in patients with apparently sporadic tumors and a

noradrenergic phenotype, FI may help identify more

rapidly multifocal disease and other components of a

hereditary tumor syndrome, thereby facilitating treatment

planning before genetic testing is completed.

In conclusion, as demonstrated by Brito et al., the

majority of PPG patients (i.e., patients with non-metastatic

pheochromocytomas\5 cm associated with an adrenergic

phenotype) will not clearly benefit from routine FI at the

time of diagnosis. In contrast, patients with clinical pre-

dictors of malignancy, known metastatic disease, or tumors

associated with a noradrenergic phenotype, especially

those with a known germline SDHB mutation, may benefit

from FI testing. The last decade has been an exciting one in

the PPG field, and FI will always play an important role in

the management of some of these patients. Moving for-

ward, advances in our understanding of the pathophysiol-

ogy and treatment of PPG should lead to more clarity as to

how FI should be appropriately incorporated into routine

clinical care in a cost-effective manner.
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