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Abstract
Despite early reports of excellent diagnostic characteristics of [131I]/[123I]-
metaiodobenzylguanidine (MIBG) in the evaluation of pheochromocytomas/paragangliomas
(PHEOs/PGLs) or medullary thyroid cancer (MTC) as experience with it was accumulated the
sensitivity dropped. Nevertheless, this modality is still useful in the diagnostic workup of PHEOs/
PGLs since it is widely available and in case of positive scans may indicate patients that are
potential candidates for [131I]-MIBG therapy.

Pheochromocytoma/paraganglioma
Chromaffin cells (CC) produce catecholamines; oxidation of fresh tissue samples gives them
their characteristic grey-brown stain (“pheos” in Greek). Although CC are mainly located in
the adrenal medulla, accessory adrenal tissue comprising both cortical and medullary
elements has been reported to be localized in the celiac plexus area in 16% of autopsies (1).
Extra-adrenal chromaffin cells give rise to paragangliomas (PGLs; tumors situated along the
paravertebral and paraaortic axes) (2). Paragangliomas that are localized in the adrenal
medulla are called pheochromocytomas (PHEOs; or more uncommonly termed adrenal
medullary PGLs) (3). In the absence of universally established criteria for defining
malignancy, a PHEO is considered to be malignant in the presence of metastases (4).

The annual incidence of PHEOs is approximately 1–4/106 population; also 0.5% of subjects
with hypertension and 4% of those with an adrenal incidentaloma have PHEO (5). Most, but
not all, tumors are adrenal, sporadic and solitary. In 40%–80% of patients with PHEOs
tachycardia with diaphoresis and cephalalgia are encountered while hypertension is a
common (in over 90% of patients) but non-specific finding (5).

Paragangliomas (PGL) are mostly intraabdominal (adjacent to the adrenals in 85% of
patients) (6). Interestingly, head and neck chromaffin-negative tumors, which are related to
the parasympathetic nervous system (such as those originating from the carotid bodies or the
jugular bulbs) are also termed PGLs (7). Although these rare tumors synthesize and store
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catecholamines, only 1% are clinically functional and they usually follow an indolent and
symptom-free course as painless neck masses (7).

Diagnostic imaging for PHEOs/PGLs follows – for most patients – biochemical proof of
disease (at least for PHEOs). The sensitivity of computed tomography (CT) for detecting
intraadrenal PHEOs at least 0.5 cm in diameter is 93%–100% and approximately 90% for
localizing extraadrenal tumors at least 1 cm in diameter (5). Magnetic resonance imaging
(MRI) has slightly better sensitivity although the characteristic high T2-weighted signal on
MRI is not seen as often as previously considered (8–9). Although the reported sensitivity
for CT/MRI is high, the specificity of CT/MRI may vary from 50%–90%, indicating various
degrees of false negative studies (10). In this context, anatomical imaging studies (i.e. CT/
MRI) may not be diagnostic (11). Furthermore, previous surgery may hamper imaging,
which is important in case of possible recurrence (12). Thus, recurrence or suspicion of
extraadrenal or malignant/metastatic disease is the niche for functional (nuclear medicine)
methods.

[131I]/[123I]MIBG
The expression of catecholamine plasma membrane and vesicular transporter systems in
PHEO cells is usually abundant; this enables imaging with [131I]/[123I]
metaiodobenzylguanidine (MIBG), which like norepinephrine, is taken into
sympathomedullary tissues (mainly by a norepinephrine transporter system) and into
intracytoplasmic vesicles (through a vesicular transporter system). MIBG is thus
accumulated within adrenergic tissues (13). [131I]/[123I]MIBG shows no appreciable binding
to adrenergic receptors and is minimally metabolized. Plasma membrane and vesicular
uptake are Na+-dependent; they can be influenced by medications such as nasal
decongestants, antihypertensives (such as labetalol), antidepressants, and antipsychotics, as
well as by cocaine; all have to be withheld for 1–3 days (exception being the depot forms of
antipsychotics: their withdrawal period should be one month) (12). The half life of [131I] is
long (8.2 days); it emits high energy gamma-radiation (364 keV). For imaging, [131I]MIBG
is given iv at doses ranging from 0.5–1.0 mCi (18.5–37 MBq) or 0.5 mCi (18.5 MBq)/1.7
m2; this results in an absorbed dose at the adrenals of 1 Gy/mCi (14). The half-life of [123I]
is shorter (13 h); it emits lower energy gamma-radiation (159 keV) than 131I. [123I]MIBG is
given iv at doses of 3 mCi (in children) to 10 mCi (in adults) (15). The absorbed radiation
dose from 10 mCi (370 MBq) [123I]MIBG compares to that of 0.5 mCi (18.5 MBq)
[131I]MIBG (16).

A small percentage of [131I]/[123I] in [131I]/[123I]MIBG is free (approximately 5%, with a
further 3% released after administration). Thyroid blocking is advocated for all procedures
involving [131I]/[123I]MIBG -- unless the thyroid is the organ of interest – with saturated
solution of potassium iodide (100 mg twice a day). In case of allergy to the latter, potassium
perchlorate can be given (200–300 mg or 15 drops of perchlorate solution twice a day),
starting one day before the radionuclide’s administration and for 1–3 or for 2–7 days after
administration of [123I]- or [131I]MIBG, respectively (12, 17). Minimal risk of decreased
thyroid function persists regardless of blockade.

[131I]MIBG imaging is performed after 24 hours, 48 hours and, if necessary, at 72 hours;
only planar views are obtained. [123I]MIBG scintigraphy is performed after 24 hours and, if
necessary, at 48 hours; single-photon emission computed tomography (SPECT) can be
performed.

MIBG uptake after 24 h is normally seen in the myocardium, spleen, liver, urinary bladder,
lungs, and salivary glands (which are rich in sympathetic innervation) and occasionally in
the large intestine and the cerebellum (12). Rarely, thrombocytopenia may occur after [131I]-
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MIBG has been taken up by platelets (12). [131I]MIBG may show uptake in normal adrenal
medulla (in 16% of scans after 48 h). Normal adrenal medulla uptake is more common with
[123I]MIBG (in as many as 32–75% of patients after 24 h); caution should be applied in
interpreting the scans since the pattern of [123I]MIBG uptake may be asymmetrical between
the left and right adrenals (12). Most of the injected MIBG is excreted via the kidneys, with
minimal salivary and fecal excretion (12). PHEOs/PGLs are expected to be seen as foci of
abnormal and/or increased [131I]/[123I]MIBG uptake.

Diagnostic utility of [131I]/[123I]MIBG in PHEOs/PGLs
Until recently, the gold standard functional imaging method for PHEOs/PGLs was
scintigraphy with [131I]-MIBG, with reported sensitivity of 77%–90% and specificity of
95%–100% (18). Scintigraphy with [123I]-MIBG, was reported to have a sensitivity of 83%
100% and specificity of 95%–100% for detecting PHEOs (19). The use of [123I]-MIBG
outside the USA has superseded that of [131I]-MIBG, primarily due to the lower radiation
burden for patients, as well as for its superior imaging quality (and particularly for SPECT).
Availability of [123I]-MIBG compared to [131I]-MIBG in the USA was limited until 2008,
when this radiopharmaceutical obtained FDA approval and its use began expanding.

As recently as five years ago [123I]-MIBG appeared to be a peerless functional imaging for
PHEOs/PGLs. As a matter of fact, a meta-analysis calculated the sensitivity of [123I]-MIBG
to be as high as 98% for adrenal and extraadrenal PHEOs alike (20). However, until
recently, there was a paucity of large studies comparing various anatomical and/or
functional imaging modalities to [131I]/[123I]-MIBG scintigraphy in the evaluation PHEOs/
PGLs.

In a report of 76 patients with PHEOs who were studied with CT, MRI and [123I]-MIBG the
sensitivity of the latter was 85% for adrenal PHEOs and 58% for extra-adrenal PHEOs (21).

A large prospective study yielded good results for [123I]-MIBG (planar and SPECT imaging
combined): in 140 subjects the overall sensitivity was 84% and the specificity was 73% and
more in detail, for PHEOs the sensitivity was 88% and the specificity was 70%, while for
PGLs the sensitivity was 75% and the specificity was 100%; the sensitivity for metastatic
disease was 83% (22). In a study of 117 patients with PGLs [123I]-MIBG had 56%
sensitivity and 84% specificity (23). In the same line of results, in a meta-analysis of 15 well
controlled clinical studies of [123I]-MIBG (with clearly defined inclusion criteria) the
sensitivity was calculated to be 94% and the specificity to be 92% (the authors acknowledge
that this type of analysis has shortcomings though) (24).

Contrary to the above reports the results of a recent retrospective study of 98 subjects were
less supportive of [131I]/[123I]-MIBG: the sensitivity was calculated at 73% and the
specificity at 69% (with minimal adrenal uptake considered to be abnormal) or 90% (with
minimal adrenal uptake considered to be normal); likelihood ratios (LRs) for positive tests
ranged between 2.3–17.0 and LRs for negative tests ranged between 0.29–0.39. The authors
acknowledge that this “real world” performance of [131I]/[123I]-MIBG is biased because a
number of inappropriately chosen subjects who were examined with [131I]/[123I]-MIBG
were included, even with negative biochemical testing (25).

In an older study of patients with metastatic PHEO, we found that [18F]-fluorodopamine
(DA; a positron emission tomography – PET – ligand) was superior to [131I]-MIBG (with
sensitivities of 100% and 56%, respectively) (26). The subsequent availability of [123I]-
MIBG prompted us to compare it with [18F]-DA PET and somatostatin-receptor
scintigraphy (SRS; Octreoscan): in patients with non-metastatic (mainly adrenal) PHEOs,
[18F]-DA and [123I]-MIBG had equivalent sensitivities for tumor detection, and both were
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superior to SRS, whereas in patients with metastatic disease, [18F]-DA was superior to
[123I]-MIBG and detected more lesions. Furthermore, in a minority of these patients, SRS
showed impressively more lesions compared to [123I]-MIBG (27). Further studies with PET
ligands (specific and non-specific for chromaffin tumors) have consistently indicated their
superiority against [131I/[123I]-MIBG for imaging PHEOs/PGLs: metastatic PGLs are better
imaged with PET using [18F]-DA, [18F]-DOPA or [18F]-fluorodeoxyglucose (FDG)(28) and
in a report of 25 patients with PHEOs/PGLs (13 with hereditary disease) the sensitivity of
[123I]-MIBG was an abysmal 15% versus 100% for [18F]-DOPA PET (29). In a study of 29
patients with succinate dexydrogenase subunit B (SDHB)-associated metastatic PGLs
sensitivity of [131I/[123I]-MIBG was 41%–65% while sensitivity for [18F]-DA or [18F]-FDG
PET was 71%–94% (30). For head and neck PGLs (n=29 patients) SRS has been shown to
be better than [123I]-MIBG (sensitivity 89%–93% vs 42%–44%, respectively) (31). In a
well-controlled comparison of four functional imaging modalities of PHEOs/PGLs [18F]-
DA was the best modality vs CT/MRI with sensitivity of 76%–82% whereas [123I]-MIBG
lagged behind with sensitivity of 57%–78% (32).

“Carrier-free” MIBG
Until recently, in commercially available MIBG, only approximately 0.05% of its molecules
were radiolabeled, the rest being unlabeled MIBG (“cold-carrier”). The latter is considered
to competitively inhibit radiolabeled MIBG uptake by its target tissues (33). The Ultratrace
method, a newer radiopharmaceutical technique, has enabled the production of very pure
carrier-free MIBG, with very high specific activity (>1200 mCi/μmol vs approximately 1
mCi/μol for conventional commercially available [123I]-MIBG) (34). Although the primary
aim of implementing Ultratrace is to produce [131I]-MIBG for therapy (there is an ongoing
clinical trial; ClinicalTrials.gov identifier: NCT00874614) there is also scope for diagnostic
functional imaging (34).

In conclusion, selection bias may have exaggerated the apparent performance of [131I]/
[123I]-MIBG in the past; PET with newer ligands, such as with [18F]-DA, is better than
[123I]-MIBG, particularly in the evaluation of hereditary or metastatic/extra-adrenal PHEOs
(35–36) (Figures 1 and 2), and is gradually used more often. Nevertheless, the availability of
[131I]/[123I]-MIBG and the advent of [123I]-MIBG/CT (37) currently prevent this modality
from being completely phased out in the diagnostic workup of PHEOs/PGLs (38).
Diagnostic imaging with high-specific-activity Ultratrace [123I]-MIBG has yet to be
extensively evaluated in PHEOs/PGLs. Furthermore, clinicians should bear in mind that
patients with metastatic PHEOs/PGLs who are [131I]/[123I]-MIBG-positive may benefit
from [131I]-MIBG therapy (39–40). The latter has not been overtly successful until now,
however, [131I]-MIBG therapy may be revitalized since in vitro studies have shown that
treatment of PHEO cells with histone deacetylase inhibitors (HDAC; romidepsin and
trichostatin A) upregulates the norepinephrine transporter system and increases uptake of
[123I]-MIBG (41). In the future, pretreatment with HDAC of patients with metastatic PHEOs
who show no or low [123I]-MIBG uptake may permit more effective therapeutic
administration of [131I]-MIBG.

Medullary thyroid cancer
Medullary thyroid cancer (MTC) stems from thyroid parafollicular C cells. Most cases of
MTC are sporadic (75%) with the remaining being hereditary and/or associated with
germline mutations of the RET gene and genetic syndromes such as multiple endocrine
neoplasia type 2 (MEN2) (42). [131I]/123I]-MIBG shows uptake in MTC via the same
molecular mechanisms like in other neuroendocrine tumors such as PHEOs.
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The diagnostic utility of [131I]/[123I]-MIBG for MTC has been explored mostly in small
case series, following an early report of an [123I]-MIBG-positive MTC case (43). In another
study that followed the sensitivity of [131I]-MIBG was 53% for familial/MEN-associated
MTC and 87% for sporadic MTC (44). In eight patients the sensitivity of [131I]/123I]-MIBG
was approximately 50% (but the combination of [131I]/[123I]-MIBG and SRS had 100%
sensitivity) (45). Despite these results, as experience with [131I]/123I]-MIBG was
accumulated, its sensitivity for MTC dropped to approximately 30% (46–47). Currently the
role of [131I]/[123I]-MIBG in the diagnostic evaluation of MTC is limited in patients with
MEN2 (since it may detect lesions either in the thyroid or the adrenals) and patients in
whom tentative therapy with [131I]-MIBG is contemplated.
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Figure 1.
Whole body (left) and anterior reprojected images (right) with [123I]-MIBG of a patient with
PHEO; multiple metastatic lesions are seen

ILIAS et al. Page 8

Semin Nucl Med. Author manuscript; available in PMC 2012 August 09.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Anterior (left) and posterior (right) reprojected images with [123I]-MIBG of a patient with
metastatic PHEO; uptake is seen in the left clavicle, the left pelvis whereas bilateral adrenal
uptake is normal. Additional lesions were seen with [18F]-DA, [18F]-DOPA and [18F]-FDG
PET in the thoracic spine and pulmonary carina.
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