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ABSTRACT: Thirty patients with malignant pheochromocytoma (PHEO)
or paraganglioma (PGL) were treated with high-dose 131I-MIBG.
Patients were 11–62 (mean 39) years old: 19 patients males and
11 females. Nineteen patients had PGL, three of which were multifo-
cal. Six PGLs were nonsecretory. Eleven patients had PHEO. All 30 pa-
tients had prior surgery. Fourteen patients were refractory to prior ra-
diation or chemotherapy before 131I-MIBG. Peripheral blood stem cells
(PBSCs) were collected and cryopreserved. 131I-MIBG was synthesized
on-site, by exchange-labeling 131I with 127I-MIBG in a solid-phase Cu2+-
catalyzed exchange reaction. 131I-MIBG was infused over 2 h via a pe-
ripheral IV. Doses ranged from 557 mCi to 1185 mCi (7.4 mCi/kg to
18.75 mCi/kg). Median dose was 833 mCi (12.55 mCi/kg). Marrow hy-
poplasia commenced 3 weeks after 131I-MIBG therapy. After the first
131I-MIBG therapy, 19 patients required platelet transfusions; 19 re-
ceived GCSF; 12 received epoeitin or RBCs. Four patients received a
PBSC infusion. High-dose 131I-MIBG resulted in the following overall
tumor responses in 30 patients: 4 sustained complete remissions (CRs);
15 sustained partial remissions (PRs); 1 sustained stable disease (SD);
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5 progressive disease (PD); 5 initial PRs or SD but relapsed to PD. Twenty-
three of the 30 patients remain alive; deaths were from PD (5), myelodys-
plasia (1), and unrelated cause (1). Overall predicted survival at 5 years
is 75% (Kaplan Meier estimate). For patients with metastatic PHEO or
PGL, who have good

∗
I-MIBG uptake on diagnostic scanning, high-dose

131I-MIBG therapy was effective in producing a sustained CR, PR, or SD
in 67% of patients, with tolerable toxicity.
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Pheochromocytomas are particularly deadly and deceptive tumors. Their pro-
duction of catecholamines can cause hypertensive crisis and sudden death.
Patients experience symptoms that are often mistaken for other common con-
ditions, leading to delayed diagnoses. Malignant pheochromocytomas are even
more treacherous.

Adrenal pheochromocytoma (PHEO) and extra-adrenal pheochromocytoma
(paraganglioma, PGL) are rare tumors and malignant PHEOs and PGLs are
extremely rare. Because few clinicians are familiar with treating patients with
metastatic PHEO/PGL, a variety of management strategies have been used,
with such differences probably affecting survival. This paper provides some
background regarding malignant PHEO and non–head-neck PGL. We present
our Phase II protocol and results to date, using high-dose 131I-MIBG for treating
30 patients with metastatic PHEO/PGL and we describe our approach to overall
management of these patients at the University of California, San Francisco.

BACKGROUND

Incidence of Metastatic or Multicentric
Pheochromocytomas and Paragangliomas

The yearly incidence of pheochromocytoma has been reported to be
9.5/million (Minnesota),1 2.1/million (Sweden),2 1.5/million (Australia),3 and
1.9/million (Denmark).4 About 40–45% of these cases were diagnosed at au-
topsy. Nearly 50% of tumors are discovered incidentally during CT scanning
for other reasons.5 At least 8% of incidentally discovered PHEO/PGL tumors
have metastasized by the time of their detection.

Metastases are detected in 11% of patients with PHEOs at the time of di-
agnosis.6 PGLs are more likely to have metastasized by the time the primary
tumor is discovered. Genetic syndromes, predisposing to bilateral PHEOs or
multiple PGLs, commonly present in childhood. In one series of childhood
cases of PHEO/PGL, 5 of 16 (31%) children were reported to have regional or
distant metastases at diagnosis.7

Approximately 20–30% of all patients with PHEO/PGL have been found
to harbor germline mutations that gives them a predisposition to develop this
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tumor in multiple locations, either at the same time (synchronous) or at a later
date (metachronous). Patients with genetic pheochromocytomas have been
found to have metastatic or locally invasive PHEO at the time of diagnosis at the
following rates: MEN 2A 4%; VHL 8%; NF-1 12%. Paragangliomas, including
those associated with SDHB and SDHD mutations, are commonly malignant
(30–50%). Genetic testing for SDHB mutations has proven useful, particularly
for patients with metastatic PGL. When a germline defect is discovered, family
members may then be screened for the mutation; carriers can have surveillance
that may detect PGLs and PHEOs at earlier stages.

Metastases or additional primary tumors may not be apparent initially, be-
cause they are small or because scanning was not performed, was not sensitive
for the metastases, or did not include the area of metastases in the scanning
field. It is not surprising that metastases or second primary tumors are discov-
ered in an additional 5–10% of patients, sometimes many years after resection
of the primary tumor.8

Clinical and Histopathological Features of Malignant
Pheochromocytomas and Paragangliomas

Lehnert et al.9 reviewed the diagnostic criteria for malignant pheochromocy-
toma. Unlike the case in most other tumors, histopathology cannot accurately
determine whether a given PHEO or PGL is benign or malignant. Even the
presence of vascular invasion does not predict metastases.

Efforts have been made to predict the metastatic potential of adrenal PHEOs
on the basis of cases histology. The Pheochromocytoma of the Adrenal Gland
Scaled Score (PASS) considers multiple factors in assessing a given adrenal
pheochromocytoma’s likelihood of having metastasized. Pheochromocytomas
were found to be more aggressive and likely to metastasize when they had
a combination of the following characteristics: vascular or capsular invasion,
increased mitotic rate, atypical mitoses, necrosis, high cellularity, hyperchro-
masia. tumor cell spindling, large nests of diffuse growth, cellular monotony,
and profound nuclear pleomorphism.10 Kimura et al.11 recently reviewed the
histology of 146 patients with PHEOs and PGLs, correlating surgical histologic
with prognosis. However, no histologic scoring system is reliably accurate for
determining the metastatic potential of these tumors, such that all PHEOs and
PGLs must be considered potentially malignant.

Other methodologies have been used to determine a given tumor’s poten-
tial for metastasis. MIB-1 nuclear proliferation marker staining was positive
in 3 of 6 malignant pheochromocytomas, but in none of 45 apparently be-
nign PHEOs in one series.12 In another series of 92 pheochromocytomas, the
8 malignant PHEOs expressed markedly increased cyclooxygenase-2 (COX-2)
activity, versus weak COX-2 activity in the 84 apparently benign PHEOs.13

Benign and malignant PHEOs and PGLs secrete most of the same secretory
products. Serum levels of catecholamines, metanephrines, and chromogranin
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A cannot reliably distinguish benign from malignant tumors prior to resection.
However, when tumor markers are found to be persistently or recurrently high,
months or years after the PHEO/PGL resection, metastases or new primary
tumors must be suspected.

Neuron-specific enolase (NSE) is a neuroendocrine glycolytic enzyme.
Serum levels of NSE have been reported to be normal in patients with be-
nign PHEO and elevated in about half of the patients with malignant PHEO.14

However, it is possible that NSE levels are related to tumor burden, rather
than malignancy per se; therefore, the clinical utility of NSE levels remains
unproven.

At this point, only the presence of detectable metastases defines a PHEO
or PGL as being malignant. However, even this feature may be misleading,
because metastases may not be detected at the time of the primary tumor re-
section for reasons mentioned previously. Also, patients with familial germline
mutations can develop new PGLs or PGLs at a later date in different locations,
which may be mistaken for metastases or which may themselves metasta-
size. Additionally, peritoneal seeding of tumor cells at the time of surgery
(pheochromocytomatosis) can cause multiple recurrences that may be mis-
taken for metastases.

DETECTION OF PHEO/PGL METASTASES

Urine and Blood Tumor Markers

Most patients with recurrent or metastatic PHEO/PGL have elevations
in plasma or urinary normetanephrine, but some metastases from adrenal
pheochromocytomas secrete mostly epinephrine and metanephrine. Plasma
fractionated free metanephrines is probably the most sensitive test for detect-
ing recurrent or metastatic PHEO/PGL, but “false positives” occur frequently.
Some patients with “nonsecretory” metastases have normal plasma and urine
fractionated metanephrines. Serum chromogranin A (CgA) is usually elevated
in patients with both secretory and “nonsecretory” PHEO/PGL. Serum CgA is
usually elevated in patients with clinically significant metastases. It is an excel-
lent tumor marker for most patients, reflecting tumor burden.15 Fractionated
urine and plasma metanephrines and serum CgA usually normalize by two
weeks after a successful resection of a PHEO/PGL. However, patients with
normal postoperative tests may still harbor small or nonsecretory metastases.

Detection of Metastases—Scanning

aI-MIBG and 111In-DTPA-Octreotide Scanning

Benzylguanidine was first developed as a guanethidine derivative for
potential use as an adrenergic-blocking antihypertensive agent.16 131I-meta-
iodobenzylguanidine (131I-MIBG) was developed at the University of
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Michigan for detecting adrenal pheochromocytomas.17–19 The usefulness of
131I-MIBG scintigraphy was confirmed at the University of California, San
Francisco.20 Most PHEO/PGL metastases can be detected on whole-body
scintigraphy with MIBG, tagged with a radioisotope of iodine.a 123I-MIBG
scanning with single-photon emission computed tomography (SPECT) is more
sensitive than 131I-MIBG planar imaging, particularly for PGLs and metas-
tases.21 Despite the value of I-MIBG in diagnostic scanning for PHEO/PGL,
only about two-thirds of metastases are avid for MIBG. Patients with metas-
tases that are avid for ∗I-MIBG often harbor concurrent metastases or second
primaries that are not avid for ∗I-MIBG and may remain undetected even on
post-therapy whole-body scanning after high-dose 131I-MIBG therapy.

There are other problems with ∗I-MIBG scanning. Patients may have sig-
nificant bowel activity that may be mistaken for an abdominal paraganglioma
or metastasis. Delayed imaging after a laxative is sometimes required in these
patients. Because MIBG is excreted in the urine, bladder paragangliomas may
not be visualized or may be mistakenly thought to have ∗I-MIBG uptake. 123I-
MIBG SPECT imaging of the bladder during bladder irrigation is sometimes
required to elucidate this situation. Another nuclear imaging technique used
to locate metastases is 111In-DTPA-octreotide, which is reported to have a sen-
sitivity of only 44%, but often detects metastases that are not visualized with
∗I-MIBG.

PET Scanning

Positron emission tomography (PET) is the most sensitive scanning tech-
nique for imaging PHEO/PGL metastases. PET scanning dramatically displays
metastatic tumor burden and the response to therapy.22

PET scanning with18F-deoxyglucose (18FDG) works on account of the fact
that deoxyglucose is absorbed into cells by a glucose transporter and accu-
mulates in the cells because it cannot enter glycolytic pathways. An estimated
90% of PHEO and PGL metastases are avid for 18FDG. However,18FDG PET
is nonspecific and may detect other tumors and has increased uptake in areas of
increased glucose absorption, such as the brain, inflammation, muscle activity,
or bone marrow after G-CSF stimulation.

18F-dopamine PET scanning is both highly sensitive and specific for primary
PHEO/PGL and metastases. Although both18F-dopamine and ∗I-MIBG are
transported into cells by an amine uptake-1 mechanism,18F-dopamine is more
actively transported into neurosecretory vesicles, where it is stored, whereas
∗I-MIBG may leave the cell. Therefore,18F-dopamine PET scanning is more
sensitive than even 123I-MIBG SPECT scanning.18F-dopamine PET scanning
is more selective than18FDG-PET for PHEO/PGL metastases, as well as being
about 90% sensitive. However,18FDG PET scanning may underestimate the

aI = either 123I or 131I
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number of metastases in patients with advanced metastases and a high tumor
burden. Also, false-positives may occur with18FDG PET, such as gallbladder
visualization.23

Disadvantages of PET scanning include its high cost and radiation expo-
sure. Both18FDG and18F-dopamine PET scanning can be combined with CT
scanning to produce extraordinarily accurate anatomic imaging. Combined
PET/CT fusion imaging is currently the state-of-the-art for accurately detect-
ing and quantifying PHEO/PGL metastases.

CT Scanning

CT scanning without contrast is helpful in determining the density of adrenal
nodules, which is measured in Hounsefeld Units (HUs). Adrenal nodules with
densities above 10–25 HUs ordinarily are seen with PHEOs, excluding adrenal
adenomas and lipomas, but high HU density is seen with other tumors. A mass
with a low density of <10 HU on noncontrast CT is not likely a PHEO/PGL.
For CT scanning with intravenous contrast enhancement, nonionic contrast is
preferred, because it is unlikely to induce hypertensive crisis.24

MRI Scanning

MRI scanning can be helpful, particularly for imaging bone and hepatic
metastases, given most PHEO/PGLs display increased signal intensity on
T2-weighted imaging. MRI is also preferred for children and pregnant women,
due to lack of radiation exposure.25

These different scanning techniques can be considered complementary to
each other, with no single imaging modality being 100% sensitive and specific
for metastatic PHEO or PGL.

Differential Diagnoses for Metastatic PHEO and PGL

The differential diagnosis for apparent PHEO/PGL metastases includes be-
nign paragangliomas, multicentric paragangliomas, second pheochromocy-
tomas, intraperitoneal seeding (pheochromocytomatosis), false-positive scan-
ning, and other malignancies. Patients with VHL germline mutations may
have a concurrent renal cell carcinoma and hemangioblastomas. Patients with
MEN-2 may have concurrent medullary thyroid carcinoma. Patients with NF-1
usually have concurrent neurofibromas and may develop gliomas and malig-
nant peripheral nerve sheath tumors (MPNSTs, neurofibromosarcoma). Any
suspicious mass lesion that is not demonstrated on ∗I-MIBG or18F-dopamine
PET scanning should be considered for a CT-guided fine-needle aspiration
biopsy for definitive diagnosis.
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Historical Prognosis for Patients with Benign and Malignant
PHEOs and PGLs

Patients with benign phochromocytomas have an increased mortality rate.
Although the perioperative mortality rate for patients undergoing unilateral
benign adrenal PHEO resection is now only about 3% with optimal medical
preparation, anesthesia, surgical, and postoperative care, these patients ex-
perience a long-term mortality rate that is higher than that of age-matched
controls. A Swedish series of 121 patients with pheochomocytoma reported
no peri-operative mortality, but 50% of patients remained hypertensive post-
operatively. Of the 121 patients, 42 died during a period averaging 15 years,
versus an expected 23.6 deaths in an age-matched general population, yield-
ing a 78% increase in mortality (RR = 1.78). Of the 42 patients who died,
20 deaths were due to cardiovascular disease, 6 from associated neuroectoder-
mal tumors, 5 from other malignancies, 7 from unrelated causes, and 4 from
malignant pheochromocytoma.26

Patients with metastatic PHEO/PGL, treated with conventional radiation
and chemotherapy, have been reported to have a mean 5-year survival rate of
about 44%. However, survival can vary from days to decades. The prognosis
is worse for those patients whose metastatic disease is discovered at a late
stage and those with diffuse pulmonary metastases. Malignant PHEO/PGLs
vary tremendously in their aggressiveness, secretory capacity, and sites of
metastases. These variables affect each patient’s prognosis.

Treatment—Medical Therapy

Bravo has reviewed antihypertensive therapy for patients with pheochromo-
cytoma.27 About 50% of patients with PHEO/PGL metastases have persistent
hypertension after resection of the primary tumor. Hypertensive patients must
be involved with home blood pressure monitoring with an accurate automatic
sphygmomanometer (arm cuff). Blood pressures should ideally be determined
at home once or twice daily and immediately in the event of acute symptoms of
headache, perspiration, palpitations, or other unique symptoms that the patient
experiences with hypertensive episodes. While phenoxybenzamine is effective
and tolerable for short periods preoperatively, most patients experience side
effects from phenoxybenzamine, such as fatigue and nasal congestion, mak-
ing the drug less suitable for chronic therapy. Phenoxybenzamine accumulates
in the fetus more than it does the mother, with a fetal:maternal concentra-
tion ration of 1.6:1 and has been associated with neonatal hypotension in the
newborn.28

Calcium channel blockers are effective and usually tolerated better than
alpha blockade. They may be used alone or in combination with tolerated
doses of alpha-blockers or other antihypertensives. Calcium channel blockers
were used successfully as the sole peri-operative management in a French
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study involving 105 surgeries for pheochromocytomas and paragangliomas.
Both nicardipine and nifedipine have been used extensively.29,30 Blake et al.31

reported the results of using nifedipine to treat five patients with metastatic
PHEOs. In one patient, there was a remarkable and reproducible doubling of
the tumor-absorbed dose of 131I-MIBG due to prolonged tumoral retention of
the isotope; nifedipine also caused this patient’s norepinephrine excretion to
decline by two-thirds.

Nifedipine is also useful for treating acute hypertensive events in the hospital
(during procedures or 131I-MIBG infusion therapy) or at home. Hypertensive
patients with metastatic or unresectable secretory PHEO/PGLs are given a
supply of nifedipine-10-mg capsules; if the patient measures a blood pressure
that exceeds 170 mm Hg, and immediately verifies it, he is instructed to chew
one pierced capsule and monitor his blood pressure carefully.

Other antihypertensive medications may be effective as add-on therapy for
hypertensive patients with malignant pheochromocytoma or paraganglioma.
Elevated catecholamine levels stimulate renin secretion, which increases an-
giotensin II production and aggravates hypertension. Adding an angiotensin
receptor blocker (ARB) or angiotensin-converting enzyme (ACE) inhibitor
is often an effective measure. Besides the usual antihypertensive measures,
intravenous magnesium sulfate has proven effective in children and pregnant
women.32

Beta-blocker therapy is given to patients with sustained tachycar-
dia or intermittent tachyarrhythmias, after initiation of antihypertensive
therapy. Sustained-action cardio-selective beta-blockers are preferred, such as
metoprolol XL. Labetalol is avoided, since it causes misleading elevations in
urinary catecholamine determinations in some assays. Labetalol also interferes
with norepinephrine uptake-1, and patients taking labetalol should discontinue
the drug for at least one 4–7 days before18F-dopamine PET, ∗I-MIBG scintig-
raphy or 131I-MIBG therapy.33

Metyrosine partially inhibits tyrosine kinase and tumoral catecholamine
secretion; metyrosine does not inhibit norepinephrine uptake-1 and 131I-MIBG
scanning and therapy can be used in patients being treated with metyrosine.
However, metyrosine does not inhibit tumor growth and its side effects are
considerable, exerting an adverse impact on the patient’s well-being such that
metyrosine therapy is not generally advisable.34

Patients with functioning malignant PHEO/PGLs are advised to observe cer-
tain precations. Patients are advised to avoid activities that might put physical
pressure on large soft tissue tumors, precipitating catecholamine release, and
hypertensive crisis. Patients must be counseled to avoid decongestants, co-
caine, diet pills, MAO inhibitors, and other drugs that can provoke a hyperten-
sive crisis. Epinephrine, injected by dentists and emergency physicians to help
retain local anesthesia, may also precipitate symptoms in patients with secre-
tory metastases. Intravenous ionic contrast for CT scanning may precipitate
hypertensive crisis in patients with secretory tumors; however, nonionic intra-
venous contrast appears to be relatively safe.35
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Treatment—Surgery

For patients having what appears to be an isolated adrenal pheochromo-
cytoma, a total adrenalectomy is more likely to prevent recurrence than a
selective adrenal-sparing surgical procedure,36 which is sometimes attempted
for patients with bilateral pheochromocytomas or familial disease. For patients
who are found to have metastases at the time of diagnosis, it is usually best to
resect the primary tumor as well as large metastases. Laparoscopic adrenalec-
tomy has become the procedure of choice for pheochromocytomas up to
5 to 6 cm in diameter.37,38 Large cranial, abdominal, and pulmonary metas-
tases have been successfully resected. The surgical reduction of tumor burden
can reduce symptoms and is presumed to prolong survival. These tumors can
be indolent and debulking improves local symptoms, catecholamine levels
and hypertension. Lower plasma norepinephrine levels may possibly improve
∗I-MIBG uptake-1, especially when postoperative plasma norepinephrine
levels are below 500 ng/mL.39

Some tumors, particularly retroperitoneal paragangliomas in the abdomen
or pelvis, can become massive, encasing major blood vessels and other organs.
Heroic surgery may require vascular grafts, ureter stenting, nephrectomy, and
other procedures. Surgical resection of massive paragangliomas can be ex-
tremely difficult and the patients must be rendered nomotensive preoperatively.
Perioperative intensive monitoring and treatment by an experienced anesthe-
siologist and surgical team are mandatory. Even so, surgical complications
are common. Postoperative pulmonary embolism from pelvic veins is partic-
ularly common in patients with massive abdominal or pelvic tumors. There-
fore, women should discontinue oral contraceptives 2 months preoperatively
and all such patients should be treated with low-molecular-weight heparin
postoperatively.

Large invasive pheochromocytomas and paragangliomas are extremely vas-
cular, causing serious problems with hemostasis and making tumor resection
difficult and sometimes impossible. Preoperative arterial embolization has
proven feasible for some secretory tumors. However, some large tumors can-
not be resected, particularly massive retroperitoneal paragangliomas that have
encased major blood vessels and involve other organs. Many patients have
metastases that are so massive or numerous that surgical debulking is im-
possible. In these cases, non-surgical approaches to treatment are of the first
order.

Treatment—Chemotherapy

The most commonly used chemotherapy regimen for patients with metastatic
PGL or PHEO, reported by Averbuch et al.40 uses a combination of cyclophos-
phamide, vincristine, and dacarbazine/DTIC (CVD). Cyclophosphamide
750 mg/m2 and vincristine 1.4 mg/m2 are given on day 1, and dacarbazine
600 mg/m2 is given on days 1 and 2. The cycle is repeated every 21 days. This
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chemotherapy regimen, given every 21 days, was reported to cause complete
or partial remissions in 7 of 12 patients (57%).

In a review of chemotherapy for patients with metastatic paraganglioma, 5 of
11 achieved a partial remission after various regimens, including: cyclophos-
phamide, doxorubicin, and DTIC/dacarbazine (CyADIC; cyclophosphamide,
vincristine, doxorubicin, and DTIC/dacarbazine (CyVADIC); doxorubicin and
dacarbazine (ADIC).41

Despite some success with chemotherapy for patients with malignant
pheochromocytoma, continuous cycles must be given on a long-term basis,
because tumors usually recur during necessary or patient-requested “breaks”
in chemotherapy. Chronic chemotherapy has an adverse impact on quality-of-
life, because most patients experience recurrent bouts of malaise, nausea, or
other adverse reactions after each cycle. Cyclophosphamide can cause steril-
ity, myelosuppression, nausea, alopecia, hemorrhagic cystitis, cardiomyopathy,
stomatitis, darkened skin and nails, and an increased risk for second malignan-
cies. Vincristine neurotoxicity can lead to severe peripheral neuropathy with
pain, cranial nerve palsies, severe muscle weakness, intestinal ileus and, rarely,
ataxia. Dacarbazine can cause myelosuppression, nausea, myalgias, fever, di-
arrhea, photosensitivity, hepatic and renal dysfunction, and occasional ana-
phylaxis. Doxorubicin can cause cardiomyopathy and ventricular arrhythmias,
myelosuppression, alopecia, onycholysis, nausea, severe stomatitis, esophagi-
tis, and necrotizing enterocolitis. Side effects related to chemotherapy can
reduce compliance with repeated cycles of therapy. Nevertheless, many pa-
tients do exhibit partial responses to chronic chemotherapy and some patients
appear to tolerate it reasonably well.42

Zoledronic acid is a third-generation bisphosphonate. Patients with bone
metastases are empirically treated with zoledronic acid (Zometa), 4 mg infused
intravenously over 20 min. The frequency of the zoledronic acid infusions
has varied, being given every 1 to 12 months, depending upon the extent
and aggressiveness of the bone metastases and the patient’s tolerance for the
treatment. Zoledronic acid inhibits osteoclastic bone resorption and has proven
useful for other malignancies that metastasize to bone.43 Zoledronic acid has
been reported to provide effective treatment for bone metastases from a variety
of tumors, such as breast cancer, prostate cancer, renal cell carcinoma, multiple
myeloma, chronic myeloid leukemia, and Ewing’s sarcoma. However, there are
no data for the effectiveness of zoledronic acid for osseous metastases from
pheochromocytoma. Zoledronic acid therapy is generally well tolerated, with
the exception of transient flu-like symptoms (that may be severe) within a
week following the infusion; hypocalcemia and thrombotic thrombocytopenic
purpura, and jaw osteonecrosis occur rarely.

Treatment—Potential Anti-VEGF/VEGFR and Adjuvant Therapies

Vascular endothelial growth factors (VEGFs) are pro-angiogenesis
molecules. VEGFs bind to vascular VEGF receptors (VEGFRs), causing
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receptor dimerization and activation of receptor tyrosine kinase that induces
vascular proliferation, a necessary process for tumorigenesis and metastasis.
VEGFs are over-expressed in about 70% PGLs44 and are also over-expressed
in PHEOs.45–47 Mutations in the gene encoding mitochondrial succinate dehy-
drogenase subunit B (SDHB) in PGLs activate cellular hypoxia pathways that
stimulate the production of VEGFs.48 Middeke et al.49 have demonstrated the
importance of VEGF for PHEO angiogenesis in vitro.

Potential anti-VEGF drug therapies include monoclonal antibodies against
VEGF. Zielke, et al.50 demonstrated that antibodies to VEGF inhibited PHEO
tumor growth, both in vitro, and in vivo. A VEGF monoclonal antibody, beva-
cizumab, has been approved by the FDA as a first-line treatment for colorectal
cancer.51

New cancer therapies are targeting VEGF receptors (VEGFRs). Inhibitors
of VEGFR-2 may preferentially target tumor vasculature.52 The initial clinical
trials of VEGFR-2 inhibitors were disappointing. However, the results from
ongoing clinical trials of second-generation oral VEGFR-2 inhibitors (e.g.,
ZD6474), for other solid tumors, have been more encouraging.53,54

Cyclooxygenase-2 is over-expressed in PHEO/PGL13 and Cox-2 inhibitors
might be helpful in reversing resistance to chemotherapy.55 Nifedipine may
improve the therapeutic uptake of 131I-MIBG into PHEO/PGL metastases in
certain patients.31 Starikova et al.56 demonstrated that nifedipine reduced the
mitotic rate and proliferation of PC-12 cells in vitro.

Clinical trials of such potential anti-VEGF/VEGFR and adjuvant therapies
are required for patients with metastatic PHEO/PGL.

Treatment—Radiation Therapy

External beam radiation therapy completely abolishes tumoral avidity for
MIBG and renders subsequent ∗I-MIBG scanning insensitive and makes
131I-MIBG ineffective therapy for irradiated metastases. Therefore, if
131I-MIBG therapy is planned, radiation should not be given to metastases
displaying ∗I-MIBG avidity prior to 131I-MIBG therapy. External beam radi-
ation therapy may be given subsequently to osseous metastases, if 131I-MIBG
therapy is ineffective. Radiation therapy has proven moderately efficacious
for relieving pain and inhibiting the growth of bone metastases.57 Radiation
therapy to large cranial bone metastases can produce neurologic improvement.
Large abdominal or pelvic paragangliomas generally should not be irradiated,
because such radiation is not particularly effective, causes gastrointestinal dis-
turbance, and makes later surgeries relatively contraindicated due to the risk
of wound dehiscence, abscesses, and fistulas. Certain small recurrent tumors
may be amenable for treatment with CyberKnife stereotactic radiosurgery. It
may be useful for localized spinal metastases and can be used for recurrent
growth of bone metastases in a previously irradiated field. Cyberknife also
carries the advantage to the patient of being given in a single day, rather than
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over the 5 weeks typically required for conventional external beam radiation
therapy.58

131I-MIBG Therapy–History

Metaiodobenzylguanidine bears a structural resemblance to norepinephrine
(FIG. 1). From pharmacologic studies, benzylguanidine was found to participate
in both uptake pathways by adrenal medullary cells, where it is subsequently
stored in neurosecretory granules. Because of the effectiveness of 131I for the
treatment of thyroid cancer, higher doses of 131I-MIBG for treatment of pa-
tients with malignant pheochromocytoma was first used at the University of
Michigan and reported in 1984.59 Two of five patients achieved partial remis-
sions after total doses of 373-484 mCi 131I-MIBG, fractionated as 3–4 separate
treatments. Since then, many other patients with malignant PHEO/PGL have
been treated with 131I-MIBG elsewhere.60–66

Many nonfunctioning PHEO and PGL metastases continue to exhibit nore-
pinephrine uptake-1, such that treatment with 131I-MIBG can be effective for
patients with nonfunctioning tumors, as long as scanning demonstrates that
the tumors are avid for MIBG. Following therapy with 131I-MIBG, once back-
ground radiation has dissipated, a post-treatment whole-body scan can be ob-
tained that indicates the successfulness of the treatment and may locate the
presence of metastases that were not appreciated on diagnostic ∗I-MIBG
scanning.

Competitive inhibition of tumoral uptake of 131I-MIBG may be caused by the
large amount of “cold” 127I-MIBG that is also infused, a product of the current

FIGURE 1. Molecular diagrams of metaiodobenzylguanidine and norepinephrine.
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exchange labeling method of synthesizing 131I-MIBG. The “no-carrier-added”
method of synthesizing 131I-MIBG produces less cold 127I-MIBG. Mairs
et al.67 demonstrated that human neuroblastoma xenografts in nude mice
had better uptake of no-carrier-added 131I-MIBG than conventional exchange-
labeled 131I-MIBG; however, uptake was also increased in the adrenal and
heart. No-carrier-added 131I-MIBG is being developed commercially and clin-
ical trials are under way to determine whether it is superior to exchange-labeled
131I-MIBG for treating patients with malignant PHEO/PGL.

Peripheral Blood Stem Cell (PBSC) Leukapheresis and Cryopreservation

PBSC leukapheresis is now widely available and is used for patients with
other malignancies before they receive myeloablative chemotherapy. Marrow
stimulation with granulocyte colony-stimulating factor (GCSF) allows suc-
cessful PBSC harvesting in most patients, usually after 1–2 leukapheresis
sessions. The reinfusion of the patient’s own cryopreserved PBSCs has been
extremely effective and engraftment has been successful in over 95% of cases.
In 1998, Matthay et al.68 at the University of California, San Francisco, re-
ported a Phase I dose escalation of 131I-MIBG with autologous bone marrow
support in refractory neuroblastoma. Sung et al.69 reported the use of autolo-
gous stem cell transplantation after high-dose chemotherapy in patients with
high-risk neuroblastoma.

Patients with extensive PHEO/PGL bone metastases can have bone mar-
row involvement with tumor, such that tumor cells could be inadvertantly har-
vested along with the PBSCs during the leukopheresis procedure. Such marrow
involvement is a relative contraindication to PBSC leukapheresis. Advances
in purging the harvested PBSCs of tumor cells have been reported.70

High-Dose 131I-MIBG Therapy—The UCSF Experience

A Phase I-II dose-escalation protocol for 131I-MIBG therapy for patients
with malignant pheochromocytoma and related tumors was begun in 1991 at
the University of California, San Francisco (UCSF). A concurrent UCSF Phase
I pediatric oncology protocol investigated the use of 131I-MIBG therapy for
children with malignant neuroblastoma. In 1997, on the basis of the Phase I
toxicity dose escalation studies, the protocol was revised and formally entered
Phase II.

In 2003, Rose et al.71 described the experience with the first 12 patients
with metastatic pheochromocytoma treated with high-dose 131I-MIBG ther-
apy at the University of California, San Francisco. Of these 12 patients,
5 had received prior external beam radiation and/or chemotherapy. Their me-
dian single treatment dose was 800 mCi (37 GBq) or 11.5 mCi/kg (ranges,
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386–866 mCi or 6.6–18.3 mCi/kg). Their median cumulative dose was
1015 mCi (range, 386–1690 mCi). Three of the twelve patients had complete
responses; two had soft-tissue and skeletal metastases and one had intraperi-
toneal seeding of tumor, with recurrent disease. Seven patients had a sustained
partial response (PR), two had an initial PR with progressive disease (PD) and
death at 13 and 11 months, respectively. Two patients did not respond and died
with PD. Grade 3 thrombocytopenia followed 79% (15 of 19) of 131I-MIBG
treatments. Grade 3 and 4 neutropenia followed 53% and 19% of treatments,
respectively.

We have now treated 32 patients for our ongoing Phase II trial. Of these
patients, we have post-therapy data to evaluate the responses of 30 patients. All
patients had surgery for their primary tumor and had unresectable metastases.
These 30 patients met strict eligibility criteria (TABLE 1).

Of these 30 patients, there were 19 males and 11 females. Ages ranged
from 10 to 62 years (mean 39 years; seven patients were under age 18 years).
Nineteen patients had paragangliomas: 10 juxta-renal, 8 periaortic/aortic bi-
furcation, 2 pelvis, 1 atrium/mediastinum, 1 lung apex/periverterbal. Four of
seven patients with paragangliomas, who have had genetic testing, have been
found to harbor germline mutations in the gene encoding succinate dehydro-
genase subunit B (SDHB). Eleven patients had pheochromocytomas: seven of
the left adrenal, four of the right adrenal. Distant metastases were present in
27 of the 30 patients (90%) (TABLE 2).

High-dose 131I-MIBG resulted in the following overall tumor responses in
these 30 patients: 4 sustained complete remissions (CR); 15 sustained partial
remissions (PR); 1 sustained stable disease (SD); 5 had initial PR or SD, but
relapsed to progressive disease (PD); 5 had PD. Patient follow-up has ranged
from 7 to 154 months. The criteria for remission are listed in TABLE 3. Patients
with sustained remission were noted to have a gradual response to high-dose
131I-MIBG, with improvements in tumor markers and scans continuing for up
to 24 months in some patients (FIG. 2).

Of the 30 treated patients, 23 remain alive. Dating from the time of initial
131I-MIBG therapy, overall survival at 5 years has been 75% by Kaplan-Meier
estimate (FIG. 3). Of note, there was a considerable delay between the diagnosis
of the primary tumor and the time of 131I-MIBG therapy: median, 68 months;
mean, 45 months; range, 2 to 310 months.

Eight patients have died. One patient died from a non-tumor-related cause
after a sustained PR. Another patient died after a PR lasting 5 years, at which
time she developed PD and myelodysplastic syndrome with monosomy 7, a
known potential risk for 131I-MIBG therapy.72–74 This patient died suddenly and
unexpectedly during myeloablative therapy and allogenic marrow transplant.
Six of the 30 patients have died from aggressive progressive disease (PD). Five
of these six patients had abdominal or pelvic paragangliomas as their primary
tumor.
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TABLE 1. Eligibility criteria for high-dose 131I-MIBG therapy for patients with metastatic
pheochromocytoma or paraganglioma—UCSF Phase II Protocol

Inclusion criteria
• Histological documentation of pheochromocytoma or paraganglioma.
• Tumor not amenable to surgical excision.
• Tumor with ∗I-MIBG avidity that is at least twice background.
• >3 weeks since chemotherapy.
• >2 weeks since major surgery.
• >4 weeks since completion of prior radiation therapy; no radiation therapy for

4 months after 131I-MIBG, except for progressive disease.
• No treatment with an investigational agent concurrently or within 30 days before

therapy.
• Patients who have received previous chemotherapy or radiation therapy must have

evidence of persistent disease on ∗I-MIBG scan and elevated tumor markers or
measurable lesions by CT/MRI before receiving high-dose 131I-MIBG.

• ≥4 years of age.
• Agreement to use birth control for at least 2 months before (women) and for at least

6 months after (men and women) 131I-MIBG therapy.
• Required initial laboratory data (minimum levels):

• Neutrophil count ≥1,000/�L
• Platelet count ≥80,000/�L
• AST (SGOT) ≤2.5 × ULN
• Total bilirubin ≤2.5 × ULN
• Creatinine ≤2 × ULN

Measurable tumor
• Lesions that can be accurately measured in at least one dimension (longest diameter

to be recorded) as >10 mm as measured with CT/MRI scanning, OR
• Lesions <10 mm diameter or bone lesions in the presence of demonstrable uptake of

∗I-MIBG on diagnostic scanning, plus elevated levels of a tumor marker specific for
pheochromocytomas: urine catecholamines or metanephrines or serum CgA.

Exclusion criteria
• Estimated life expectancy <12 weeks.
• Karnofsky performance status <60%.
• Psychiatric illness that precludes informed consent.
• Pregnancy or nursing.
• Brain lesions that are parenchymal and MIBG-avid.
• Uncontrolled intercurrent illness, including but not limited to: ongoing active

infections, symptomatic congestive heart failure, unstable angina pectoris, cardiac
arrhythmia, or psychiatric illness/social situations that would limit compliance with
study requirements.

• Second Malignancies:
• Patients with a “currently active” second malignancy, other than non-melanoma

skin cancers, are not eligible.
• Patients are not considered to have a “currently active” second malignancy if they

have been cancer-free for ≥5 years.
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TABLE 2. Sites of metastases in 30 patients with metastatic paraganglioma or
pheochromocytoma—UCSF Phase II Protocol

• Distant metastases: 27/30 = 90%
- Bone: 23/30 = 77%
- Liver: 12/30 = 40%
- Local nodes (in addition to distant metastases): 11/30 = 37%
- Distant nodes: 6/30 = 20%
- Lungs: 4/30 = 13%
- Muscle: 3/30 = 10%
- Pituitary: 1/30 = 3%

• Local metastases only: 3/30 = 10%
- Local nodes: 2/30 = 6%
- Peritoneal seeding: 1/30 = 3%

UCSF Protocol for 131I-MIBG Therapy

Peripheral Blood Stem Cell (PBSC) Leukapheresis and Cryopreservation

Patients who are candidates for high-dose 131I-MIBG have a PBSC leuka-
pheresis prior to therapy. PBSC leukapheresis is now widely available and is
used for patients with other malignancies before they receive myeloablative
chemotherapy. Marrow stimulation with granulocyte colony-stimulating fac-
tor (GCSF) allows successful PBSC collection in most patients, usually after
1–2 leukapheresis sessions. Cyclophosphamide rebound has not been required
for successful PBSC harvesting in patients with metastatic PHEO and PGL.
The reinfusion of the patient’s own cryopreserved PBSCs has been extremely
effective with successful engraftment in over 95% of cases.

Patients with extensive PHEO/PGL bone metastases may have bone marrow
involvement with tumor, creating a risk that tumor cells could be inadvertently
harvested along with the PBSCs during the leukapheresis procedure. There-
fore, patients with significant bone metastases have a bone marrow biopsy
prior to PBSC harvest to help determine whether the marrow is involved

TABLE 3. Definitions of tumor responses—UCSF Phase II Protocol

Complete response (CR): Sustained disappearance of all lesions visible on ∗I-MIBG scan
and CT/MRI scan and normal catecholamines, metanephrines, and CgA.

Partial response (PR): Sustained decrease in metastases visible on ∗I-MIBG scan, and
≥30% reduction in the sum of the longest diameter of soft-tissue metastases, and ≥
50% decrease in initially-elevated catecholamines, metanephrine, and CgA.

Stable disease (SD): No significant change in ∗I-MIBG scan, no change in CT/MRI of
metastases, no change in tumor markers to qualify for PR or PD.

Progressive disease (PD): New metastases on ∗I-MIBG scan, or increase of ≥20%
increase in maximum diameter of metastases or new metastases on CT/MRI scan, or >
20% increase in initially-elevated catecholamines, metanephrines, or serum CgA levels.

PR/SD → PD: Initial PR or SD relapsing to PD.
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FIGURE 2. Plot of urinary epinephrine and metanephrine excretion in a patient
with metastatic adrenal pheochromocytoma, months after a single intravenous dose of
131I-MIBG: 808 mCi (13 mCi/kg). ULN: upper limit of normal.

with tumor. Such marrow involvement is a relative contraindication to PBSC
leukapheresis, although exceptions can be made if marrow involvement is
limited.

Patient Evaluation and Preparation for High-Dose 131I-MIBG Therapy

Prospective subjects for this Phase II clinical trial were carefully evalu-
ated in preparation for 131I-MIBG therapy, as detailed in TABLE 1. Patients
with hypertension are treated with antihypertensive medications as described
above. Menstruating women received one intramuscular injection of sustained-
release medroxyprogesterone acetate (Depo-Provera) 150 mg before high-dose
131I-MIBG therapies in order to prevent menorrhagia during thrombocytope-
nia. Patients continue to receive their usual analgesics and other medications.
However, all medications known to interfere with MIBG uptake are prohibited,
particularly labetalol, tricyclics, phenothiazines, and decongestants.

131I-MIBG Formulation

UCSF Nuclear Medicine obtains 131I from commercial sources as a reac-
tor product. Although a fission 131I product is now available, most exchange
labelings of 127I-MIBG for therapy at UCSF have been with MDS Nordion’s
131I reactor product. On the morning of therapy, the UCSF nuclear pharma-
cist (J.P.H.) synthesizes the 131I-MIBG by exchange-labeling 15 mCi (reactor)
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FIGURE 3. Standard Kaplan–Meier overall survival estimate with 95% confidence
limits (CL) for 30 patients with metastatic paraganglioma or pheochromocytoma, from the
time of 131I-MIBG therapy. The survival estimate includes all-cause mortality, including
two patients with non-tumoral mortality.

or 50 mCi (fission) 131I/mmol 127I-MIBG in a solid-phase Cu2+-catalyzed
exchange reaction.

All exchange labelings have been conducted using the solid-phase (am-
monium sulfate) method with Cu2+ catalysis, typically incubating 600–1400
mCi 131I with a much larger amount of 127I-MIBG. (Molar ratio of approxi-
mately 1:1000) in a protected hot-cell designed for this purpose. On account
of shielding constraints, hot-cell activities are limited to 2 Ci and room activity
to 1500 mCi. The nuclear pharmacist delivers the 131I-MIBG to the patient’s
room in a lead-shielded container.

This exchange-labeling process of synthesizing 131I-MIBG yields a mix-
ture of 131I-MIBG and 127I-MIBG in a molar ratio of about 1:1,000; this is
known as “carrier added” 131I-MIBG. About 97–98% of the radioactive isotope
131I is bound to MIBG, leaving only about 2–3% free 131I-MIBG; this is known
as having a high “specific activity”.

UCSF Hospital Care During 131I-MIBG Therapies

Patients are admitted to the University of California, San Francisco on
Thursdays to lead-lined rooms that had been prepared in advance by UCSF
Environmental Health and Safety. Adults are admitted to the oncology unit,
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whereas children are admitted to UCSF Children’s Hospital Pediatric Clinical
Research Center.

All patients with hypertension were treated with antihypertensives. Nifedip-
ine was used preferentially. Labetalol was not used, on account of its known
inhibition of MIBG uptake into tumors.

On the evening of admission, all patients receive a bladder catheter; an
intravenous line is established, and intravenous 0.9 normal saline solution is
infused for the duration of the hospitalization. A second peripheral intravenous
line is established with an angiocatheter, heparin-locked, and lightly taped in
preparation for the 131I-MIBG infusions.

For thyroid protection against free 131I, all patients receive potassium iodide
(KI) and potassium perchlorate (KClO4). For nausea prophylaxis, patients are
administered granisetron 2 mg orally daily for 5 to 7 days, beginning on the
morning of the 131I-MIBG infusions. In the event of vomiting, intravenous
granisetron or ondansetron is used. For sedation or additional anti-emetic ef-
fect, lorazepam 1 mg was administered intravenously or orally every 6 to
8 hours.

For prophylaxis against deep vein thrombosis, all adult patients receive low
molecular weight heparin (enoxaparin 40 mg) subcutaneously daily for the
first 3 days of their hospitalization, while they have a bladder catheter and are
at bed rest. The patients receive their usual medications, as long as they are
not known to interfere with 131I-MIBG uptake.

In preparation for the 131I-MIBG infusion, each patient’s bladder catheter is
drained into a lead-lined container by the bedside, from which it is constantly
pumped away into a continuously flushing toilet.

UCSF 131I-MIBG Infusion Protocol and Dosing

Adult patients are gently sedated with lorazepam 1 mg intravenously im-
mediately prior to the isotope infusion. 131I-MIBG is infused intravenously
over 120 min via a peripheral intravenous line. The isotope activity is pumped
from a shielded vial through micropore tubing past an infrared bubble detec-
tor. Blood pressure and pulse are measured remotely every 15 min with an
automated monitoring device during the isotope infusion. For systolic hyper-
tension reaching 170 mm Hg, nifedipine 10 mg was administered orally. After
the isotope infusion, the intravenous line used for the infusion is removed.
A physician, nuclear pharmacist, and radiation safety specialist are present
during each infusion of 131I-MIBG.

The individual doses of 131I-MIBG ranged from 557 mCi to 1185 mCi (mean
833 mCi). Expressed as mCi/kg body weight, the doses ranged from a low of
7.4 mCi/kg (large adult) to 18.75 mCi/kg (mean 12.6 mCi/kg).

Three days after the 131I-MIBG infusion, the bladder catheter is typically
removed. A laxative is administered to patients who are constipated. Four
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days after the isotope infusion, a whole-body post-therapy scan is obtained.
Most patients are discharged on their fifth to seventh day following the iso-
tope infusion, as long as their � radiation levels are below 7 mRem/h at 1 m
for adults and 2 mRem/h for children. The patients whose � radiation levels
measuring 2–7 mRem/hr at 1 m are discharged with explicit radiation safety
precautions.

Patient Evaluation After 131I-MIBG Therapy

Following 131I-MIBG therapy, patients receive a post-therapy scintigra-
phy scan prior to discharge, and then return home for close hematological
surveillance and support. Patients are followed very carefully after high-dose
131I-MIBG therapy as follows: CBC with absolute neutrophil counts twice
weekly for at least 6 weeks and then every 3 months; thorough serum bio-
chemistries once weekly for 6 weeks and then every 3 months; ∗I-MIBG whole-
body scanning every 3–4 months; volumetric imaging of metastases with CT or
MRI every 3–4 months; serum chromogranin A every 1 to 3 months; 24-h urine
fractionated catecholamines and metanephrines every 3–4 months; serum TSH
and thyroxine every 3 months. Pulmonary function testing was required for
patients with pulmonary metastases. An echocardiogram was required for pa-
tients with cardiac avidity for 131I-MIBG. A hematologist–oncologist follows
all patients.

Myelosuppression After 131I-MIBG: Patient Care

Aspirin is prohibited following high-dose 131I-MIBG therapies because it
inhibits platelet aggregation, an unwanted effect in view of expected throm-
bocytopenia. Patients developed myelosuppression, generally commencing
about 2.5–3 weeks after 131I-MIBG therapies. Thrombocytopenia usually ap-
peared first and was treated with platelet transfusions for platelet counts
less than 20,000/�L at the discretion of the hematologist. After 30 initial
131I-MIBG therapies, the grades of thrombocytopenia at nadir were: Grade 1
(> 75,000/�L) 4 patients; Grade 2 (≥ 50,000/�L and ≤ 75,000/�L) 2 pa-
tients; Grade 3 (> 10,000/�L and < 50,000/�L) 21 patients; and Grade 4
(≤ 10,000/�L).

GCSF was empirically administered to patients with an absolute neu-
trophil count (ANC) below 500/�L. Antibiotics (usually levofloxacin) were
administered for fever or prophylactically to patients with an ANC below
200/�L. Erythropoietin analogues are empirically given for significant ane-
mia. Red blood cell transfusions were administered as clinically indicated.
Infusion of autologous cryopreserved peripheral blood stem cells (PBSCs)
were administered to four patients with an ANC <200/�L, Hct <25%, or PLT
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<20,000/�L (treatment-dependent for over 2 weeks). No patient developed
irreversible myelosuppression after 131I-MIBG therapies.

Non-hematological Adverse Reactions to High-Dose 131I-MIBG

Most patients experienced varying degrees of nausea or anorexia, beginning
the evening after the 131I-MIBG infusions. The nausea is believed due to radia-
tion sickness, aggravated by oral administration of KI and KClO4. The nausea
was usually mild and transient. Patients with a heavy tumor burden tended to
experience more prolonged anorexia and nausea that lasted up to 3–4 weeks,
long after the isotope had dissipated by excretion or decay.

Many patients experienced transient thinning of scalp hair after high-dose
131I-MIBG. Sialadenitis occurred in several patients whose parotid tenderness
appeared to be subjectively relieved by sour lemon candies. Primary ovarian or
testicular failure were documented in three patients who had received repeated
doses of 131I-MIBG and had extensive pelvic bone metastases.

Several patients have developed Graves’ disease after MIBG therapy. One
of these 30 patients developed Graves’ disease 26 months after receiving
131I-MIBG. Another patient, recently treated, developed Graves’ disease
3 months after 131I-MIBG. A child (treated at UCSF under the concurrent
neuroblastoma 131I-MIBG treatment protocol) also developed Graves’ disease
after 131I-MIBG. Graves’ disease may have been triggered by the large doses
of KI that were administered for thyroid protection, with a mechanism akin to
amiodarone-induced hyperthyroidism.

Many feared toxicities have not developed after high-dose 131I-MIBG. The
normal liver absorbs a large portion of the administered 131I-MIBG by a cation
transporter mechanism, and the liver shows significant uptake of 131I-MIBG on
the post therapy scans. Therefore, liver enzymes were monitored weekly in all
patients for 6 weeks and then regularly thereafter. No patients developed hep-
atic toxicity after high-dose 131I-MIBG therapies. Patients with numerous large
hepatic metastases did not show any sign of liver toxicity, despite significant
uptake of isotope into their hepatic metastases. The normal adrenal medulla
takes up 131I-MIBG, but no patients have developed primary adrenal insuffi-
ciency. The sympathetic nervous system has robust norepinephrine uptake-1
activity, but we have not observed adrenergic insufficiency in any patient. The
heart can have significant uptake of 131I-MIBG, but no therapy-related cardiac
toxicity has been observed.

CONCLUSION

For patients with paraganglioma or pheochromocytoma metastases having
good ∗I-MIBG uptake on diagnostic scanning, high-dose 131I-MIBG therapy
can be effective therapy. In our experience, 67% of patients had a sustained CR,
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PR, or SD. The calculated 5-year survival was 75% from time of treatment.
While there is some significant potential toxicity, this therapeutic approach
is generally very well tolerated. The results from this ongoing Phase II study
demonstrate the efficacy of high-dose 131I-MIBG therapy for selected patients
with malignant pheochromocytoma and paraganglioma. However, novel ther-
apies are needed. We may be able to improve such patients’ outcomes with
refinements in 131I-MIBG synthesis and dosing, and by developing techniques
to improve these tumors’ sensitivity to 131I-MIBG as well as their uptake and
retention of the isotope.
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