ORIGINAL ARTICLE

Endocrine Care

Treatment with Sunitinib for Patients with
Progressive Metastatic Pheochromocytomas and
Sympathetic Paragangliomas

Montserrat Ayala-Ramirez,* Cecile N. Chougnet,* Mouhammed Amir Habra,
J. Lynn Palmer, Sophie Leboulleux, Maria E. Cabanillas, Caroline Caramella,

Pete Anderson, Abir Al Ghuzlan, Steven G. Waguespack, Desirée Deandreis,
Eric Baudin, and Camilo Jimenez

Departments of Endocrine Neoplasia and Hormonal Disorders (M.A-R., M.A.H., M.E.C., S.G.W., C.J.),
Biostatistics (J.L.P.), and Pediatrics (P.A.), The University of Texas MD Anderson Cancer Center, Houston,
Texas 77030; and Departments of Nuclear Medicine and Endocrine Tumors (C.N.C., S.L., C.C., D.D.,
E.B.) and Pathology (A.A.G.), Institute Gustave-Roussy, F-94805 Villejuif, France

Context: Patients with progressive metastatic pheochromocytomas (PHEOs) or sympathetic para-
gangliomas (SPGLs) face a dismal prognosis. Current systemic therapies are limited.

Objectives: The primary end point was progression-free survival determined by RECIST 1.1 criteria
or positron emission tomography with ['8F]fluorodeoxyglucose/computed tomography (['®F]FDG-
PET/CT), in the absence of measurable soft tissue targets. Secondary endpoints were tumor re-
sponse according to RECIST criteria version 1.1 or FDG uptake, blood pressure control, and safety.

Design: We conducted a retrospective review of medical records of patients with metastatic PHEO/
SPGL treated with sunitinib from December 2007 through December 2011. An intention-to-treat
analysis was performed.

Patients and Setting: Seventeen patients with progressive metastatic PHEO/SPGLs treated at the
Institut Gustave-Roussy and MD Anderson Cancer Center.

Interventions: Patients treated with sunitinib.

Results: According to RECIST 1.1, eight patients experienced clinical benefit; three experienced
partial response, and five had stable disease, including four with predominant skeletal metastases
that showed a 30% or greater reduction in glucose uptake on ['®F]FDG-PET/CT. Of 14 patients who
had hypertension, six became normotensive and two discontinued antihypertensives. One patient
treated with sunitinib and rapamycin experienced a durable benefit beyond 36 months. The me-
dian overall survival from the time sunitinib was initiated was 26.7 months with a progression-free
survival of 4.1 months (95% confidence interval = 1.4-11.0). Most patients who experienced a
clinical benefit were carriers of SDHB mutations.

Conclusion: Sunitinib is associated with tumor size reduction, decreased ['®F]JFDG-PET/CT uptake,
disease stabilization, and hypertension improvement in some patients with progressive metastatic
PHEO/PGL. Prospective multi-institutional clinical trials are needed to determine the true benefits
of sunitinib. (J Clin Endocrinol Metab 97: 4040-4050, 2012)

* M.A.-R. and C.N.C. have contributed equally to this manuscript and should be quoted
as shared first authors.
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heochromocytomas (PHEOs) and sympathetic para-
P gangliomas (SPGLs) are catecholamine-metaboliz-
ing tumors that originate from neural crest cells. These
tumors have an estimated incidence of 0.95 per 100,000
person-years (1), and 13-17% are metastatic (2). The
World Health Organization defines PHEOs as tumors
arising from the adrenal medulla and SPGLs as those tu-
mors arising from the sympathetic paraganglia outside the
adrenal medulla (3). Although SPGLs are associated with
higher rates of metastasis than are PHEOs, metastatic
PHEOs, and SPGLs exhibit similar overall survival (OS)
rates (2).

Currently, no specific histological or molecular mark-
ers exist to help differentiate benign from malignant tu-
mors; therefore, a diagnosis of malignancy is determined
exclusively by the presence of metastases (4). Metastatic
PHEOSs and SPGLs are associated with increased angio-
genesis (5—8). Up to 50% of metastatic tumors are caused
by hereditary germline mutations of the mitochondrial
enzymatic complex II succinate dehydrogenase subunit B
gene (SDHB) (2, 10). Inactivation of SDHB increases in-
tracellular succinate, which inhibits hypoxia-inducible
factor (HIF) prolyl hydroxylases, leading to HIF deregu-
lation and downstream activation of angiogenesis path-
ways. Vascular endothelial growth factors and other
growth factors such as the platelet-derived growth factor
constitute major targets of HIF activation. Vascular en-
dothelial growth factors and their receptors 1 and 2 are
overexpressed in SDHB metastatic PHEOs and SPGLs
and in some metastatic tumors not associated with SDHB
mutations. These findings suggest that abnormally regu-
lated angiogenesis and oxygen metabolism pathways are
strongly involved in the pathogenesis of many metastatic
PHEOSs and SPGLs and therefore should be therapeuti-
cally targeted (11).

Sunitinib is a potent inhibitor of multiple tyrosine ki-
nase receptors, including vascular endothelial growth fac-
tors 1 and 2, platelet-derived growth factor-B, ¢-KIT,
FLT3, and RET (12). This medication is an effective an-
tiangiogenic drug that was approved by the U.S. Food and
Drug Administration and the European Medicines Agency
for renal cell carcinomas, pancreatic neuroendocrine tu-
mors, and gastrointestinal stromal tumors. Some case re-
ports have suggested that this drug could benefit patients
with PHEOs/SPGLs (13-15). In this retrospective study,
we describe our experience at two tertiary care centers
with the sunitinib for metastatic PHEOs and SPGLs. We
analyzed sunitinib’s clinical benefits by assessing progres-
sion-free survival (PFS), radiographic tumor response us-
ing RECIST criteria version 1.1 and/or positron emission
tomography with ['®*F|fluorodeoxyglucose/computed to-
mography (['*FJFDG-PET/CT), and blood pressure in pa-
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tients with progressive disease (PD). We also describe the
clinical benefits observed in one patient treated with a
combination of sunitinib and rapamycin.

Patients and Methods

Study objectives

The primary endpoint was PFS as determined by RECIST 1.1
criteria or ['®F]JFDG-PET/CT scan, in the absence of measurable
soft-tissue disease. Secondary objectives were to evaluate objec-
tive tumor response (RECIST 1.1), metabolic uptake
by['®F]FDG-PET/CT, blood pressure status, and safety.

Study population and data collection

After obtaining Institutional Review Board approval in both
institutions, we identified all patients (adults, adolescents, and
children) who had been diagnosed with metastatic PHEOs or
SPGLs and treated with sunitinib in the Departments of Endo-
crine Neoplasia and Hormonal Disorders and Pediatric Oncol-
ogy at The University of Texas MD Anderson Cancer Center and
the Department of Médecine Nucléaire et Cancérologie Endo-
crinienne Institut Gustave-Roussy from December 2007 through
December 2011.

Malignancy was defined as the presence of metastatic disease
or tumor cells in anatomic sites in which chromaffin tissue is
normally absent (e.g. lymph nodes, liver, lung, brain, and bone).
Tumor location and metastasis were confirmed by pathological
and conventional imaging [magnetic resonance imaging
(MRI) and CT], [**F]FDG-PET/CT, and/or Iobenguane 1-123
['**I]meta-iodobenzyl guanidine scintigraphy (MIBG). All pa-
tients had PD within 6 months before sunitinib treatment based
onradiographicstudies (CT/MRI/['*F]FDG-PET/CT) as defined
by RECIST 1.1 guidelines.

Imaging assessments

CT/MRI scans were used to determine the pace of change
before and after treatment with sunitinib. All patients had base-
line scans within 1 wk before starting treatment.

To evaluate tumor objective response, we used RECIST cri-
teria version 1.1 (16). We compared radiographic studies in mea-
surable target lesions (TLs), defined as soft-tissue lesions that
could be accurately measured in at least one dimension with the
largest diameter being at least 1 cm or at least 1.5 cm in the short
axis for lymph nodes. PD was considered when there was at least
a20% increase in the sum of the total size of TLs or the presence
of a new unequivocal metastatic lesion, partial response (PR)
when there was at least 30 % decrease in the total size of TLs, and
stable disease (SD) when there was any percent change between
+19 and —29% in the sum of the total size of TLs. Lesions less
than 1 cm, bone lesions, leptomeningeal disease, ascites, lym-
phangitic involvement of skin or lung, and pleural/pericardial
effusion are nonmeasurable lesions and are therefore non-
TLs (16).

For patients with nonmeasurable disease (mainly skeletal dis-
ease), we obtained ['*F]JFDG-PET/CT scans at baseline and at
follow-up. We consider a [**F][FDG-PET complete metabolic
response when there was a disappearance of all metabolically
active tumor, PR as a reduction of at least 30% in the SUL [stan-
dardized uptake value (SUV) corrected for lean body mass], and
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PD as a 30% increase in the SUL’s most intense lesion or the
evidence of new lesions (17). SD was considered as the absence
of PD.

Patient monitoring

As partof routine clinical practice at Gustave Roussy and MD
Anderson, all patients provided written informed consent before
receiving sunitinib.

Blood pressure assessments

Before receiving sunitinib, all patients with hypertension were
treated with antihypertensive medications: a-blockers, B-block-
ers, angiotensin-converting enzyme inhibitors, and/or nifedi-
pine. No patients were treated with diltiazem or verapamil.

Blood pressure measurements were obtained before receiving
sunitinib and all subsequent visits. Patients were asked to contact
the clinic if their blood pressure was higher than 140/90 mm Hg
or lower than 90/60 mm Hg. Antihypertensive medications were
adjusted at the discretion of the treating physician.

A clinical benefit in blood pressure was defined as blood pres-
sure less than 140/90 mm Hg during the course of treatment,
leading to a decrease in the number or dosage of antihypertensive
medications.

Adverse events terminology

The severity of the adverse events was graded based on the Com-
mon Terminology Criteria for Adverse Events version 4 (http://
ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.
htmitctc_40) where grade 1 refers to asymptomatic or mild symp-
toms and no intervention is indicated. Grade 2 refers to moder-
ate; minimal, local symptoms, and noninvasive intervention is
needed. There is limitation in some instrumental daily living ac-
tivities like preparing meals, shopping for groceries, etc. Grade 3
refers to severe, non-life-threatening symptoms. There may be
indication for hospitalization, and there is extreme limitation on
daily living activities that include self-care. Grade 4 is a life-
threatening situation where urgent intervention is indicated.
Grade 5 is death associated with the adverse event.

Statistical analyses

Patient demographic data were summarized with use of de-
scriptive statistics. An intention-to-treat analysis was performed,
including all patients with metastatic PHEO/SPGL who began
therapy with sunitinib. The association between categorical vari-
ables was studied by using Fisher’s exact test. All tests were two
sided. P values <0.05 were considered statistically significant.
The Kaplan-Meier method was used to estimate OS and PFS. OS
was defined as the length of time that patients were alive after
treatment with sunitinib, measured from the time that sunitinib
was started to the last follow-up. PFS was defined as the length
of time from treatment initiation until documented disease pro-
gression. In patients who could not tolerate sunitinib, PFS was
calculated until the last date they took the drug. At the time of this
writing, two patients are without progression; these patients are
censored using the date of last follow-up. SAS version 9.3 was
used for all analyses.

Results

Patient demographics
From December 2007 through December 2011, 49 pa-
tients with metastatic PHEOs or SPGLs were referred to
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both institutions: 17 were treated with sunitinib, and 32
underwent other or no treatment (18 received chemother-
apy, four underwent surgery, one received ['*'I]MIBG,
seven had poor performance status, one declined any
treatment, and one had stable disease).

The 17 (eight female and nine male) patients who were
treated with sunitinib had rapidly progressive metastatic
PHEOs or SPGLs (tumors that grew in a period no longer
than 6 months). All patients had an increase in tumor size
of at least 20% (CT/MRI) and/or the appearance of new
lesions (CT/MRI/["®F]FDG-PET/CT) before starting on
sunitinib and were considered to have PD per RECIST 1.1
The median age was 46.5 yr (range, 12—-62 yr) (Table 1).
In six patients, the primary tumor was a SPGL and in 11
was a PHEO. Nine patients had syndromic PHEOs or
SPGLs; eight carried germline SDHB mutations, and one
patient had von Hippel-Lindau (VHL) disease. Eight pa-
tients had apparently sporadic tumors (Table 1). Lymph
nodes were the most common place for metastases
(70.5%), followed by the skeleton (65%), liver (59%),
and lungs (39%). Of note, in four patients (23.5%). met-
astatic disease was exclusively located in the skeleton. In
two patients, the liver metastases were resected before
treatment with sunitinib was started.

Sunitinib therapy

Most patients were initially given sunitinib 50 mg/d,
4 wk on and 2 wk off. In some of these patients, to
mitigate side effects, the dosage of sunitinib was later
decreased at the discretion of the treating clinician to
37.5 mg/d, continuously or 3 wk on and 1 wk off. Three
patients were initially given sunitinib 37.5 mg/d
continuously.

Previously failed therapy for PHEO/ SPGL

Of the 17 patients treated with sunitinib, 10 had been
treated previously with cytotoxic chemotherapy, includ-
ing cyclophosphamide- and dacarbazine-based regimens
combined with doxorubicin and/or vincristine or various
combinations of interferon, gemcitabine, temozolomide,
leucovorin, fluorouracil, and oxaliplatin. The other seven
patients were chemotherapy naive; they had declined che-
motherapy because of toxicity concerns (Table 1). In ad-
dition, patient 8 (Table 1) had more than 50% of the liver
infiltrated by metastases, which contraindicated surgery
or radiofrequency ablation.

Only two patients treated with sunitinib received pre-
viously ["*'IJMIBG. For the others, ['*'T]MIBG was not
considered the best therapeutic option for various reasons,
including rapid tumor progression, the absence of or min-
imal MIBG uptake, or the lack of access to therapeutic
[3]MIBG (the availability of MIBG has been limited in
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TABLE 1. Clinical characteristics of patients treated with sunitinib

Patient Age Primary Metastases at the time sunitinib was Previous systemic
no. (yr) Mutation tumor type initiated therapy
1 33 VHL PHEO Abdominal lymph nodes, lungs None
2 60 Sporadic PHEO Abdominal lymph nodes, lungs, peritoneum None
3 55 SDHB SPGL Only bone Chemo
4 20 SDHB SPGL Bone, lymph nodes Chemo
5 62 Sporadic PHEO Only bone None
6 14 Sporadic PHEO Abdominal lymph nodes, liver, peritoneum Chemo
7 47 Sporadic PHEO Bone, thoracic and abdominal lymph nodes, Chemo
8 40 Sporadic PHEO Liver None
9 57 SDHB SPGL Lung, bone, lymph nodes, liver None
10 60 SDHB SPGL Only bone None
11 69 Sporadic PHEO Bone, lymph nodes, liver None
12 27 SDHB PHEO Only bone Chemo
13 56 Sporadic PHEO Bone, lymph nodes, liver Chemo
14 45 SDHB SPGL Bone, lymph nodes, liver Chemo/["*"]MIBG
15 40 SDHB SPGL Bone, lymph nodes, liver Chemo/["*"]MIBG
16 43 SDHB PHEO Lung, lymph nodes, liver Chemo
17 63 Sporadic PHEO Lung, lymph nodes, liver Chemo

Age is age when sunitinib was initiated. Chemo, Chemotherapy.

the United States since 2006). Furthermore, clinical trials
designed for PHEOs/SPGLs were not available for the sub-
jects of the current study.

Survival rates
The median OS was 26.7 months (Fig. 1). The median
PFES after initiating sunitinib was 4.1 months (95% con-

fidence interval = 1.4-11.0) (Fig. 2). When patients with
only bone metastases were excluded from the PFS analysis,
the PFS remained the same.

Tumor response (n = 8 of 14)
Fourteen patients had at least two radiographic or
scintigraphic evaluations for tumor response to
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FIG. 1. Median overall survival from sunitinib initiation.
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FIG. 2. PFS in patients with progressive metastatic PHEO or SPGL treated with sunitinib.

sunitinib. The tumor response of three patients was not
evaluated because medication was stopped due to early
toxicities (Table 2). According to RECIST 1.1, 10 pa-
tients had measurable TLs evaluated by CT/MRI, and
four lacked measurable TLs (mainly skeletal disease); in
these four patients, progression of disease was evalu-
ated by ['®*F]FDG-PET/CT only. Of the 14 patients,

three (21.4%) had PR, five (35.7%) had SD, and six
(43%) had PD as per RECIST 1.1. Of the five patients
with SD, four had positive mutations on the SDHB
gene, and one had a VHL mutation. Three of five had
disease characterized by predominant skeletal metasta-
ses that exhibited a 30% or higher reduction of glucose
uptake on ['®*FJFDG-PET/CT. There were no complete

TABLE 2. Clinical outcomes observed in patients treated with sunitinib with at least two imaging evaluations for

disease progression

=30% reduced glucose

Blood pressure Time to progression

Patient RECIST 1.1 (%) uptake on ["®F]FDG-PET improvement (months)

1 SD (21) NA Yes 6

2 PR (65) NA Yes 11

3 SD Yes Yes 27

4 SD Yes Yes —a

5 PD NA No 0.4

6 PD NA No 3

7 PD NA No 4

8 PD NA No 1
12 SD Yes NHTN —a
13 PR (44) NA Yes 12
14 PR (51) Yes NHTN 4.5
15 SD Yes Yes 8
16 PD NA NHTN 4.1
17 PD No No 2.1

Patients 9, 10, and 11 are not shown because sunitinib was discontinued due to early side effects, and restaging could not be performed. NA, Not

available; NHTN, no hypertension.

2 At the time of this writing, these patients are alive and without progression for 36 months.
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responses. A tumor response was found in eight of 14
(57%) patients.

Blood pressure response (n = 6 of 14)

Fourteen patients (of 17) had hypertension secondary
to excessive catecholamine secretion. Six of these patients
(43%) exhibited eventual blood pressure improvement
that correlated with a reduction in dosage and/or number
of antihypertensive medications and a radiographic re-
sponse as defined above (Table 3). Before sunitinib initi-
ation, these six patients were on at least two antihyper-
tensive drugs to control blood pressure. Upon sunitinib
initiation, five of these six patients had exacerbation of
hypertension; in fact, one patient developed a hyperten-
sive crisis complicated with pulmonary edema that re-
quired intensive care. The addition of antihypertensives
and adjustment of dosages was done at the discretion of
the treating physician. After 3 months of initiating
sunitinib, all six patients exhibited blood pressure nor-
malization, and two were able to discontinue antihyper-
tensive treatment.

Characteristics of patients who experienced no
clinical benefit (n = 6 of 17)

Six patients (five with apparently sporadic PHEOs
and one patient with SDHB mutation) exhibited no
clinical benefits in response to sunitinib (Table 1, pa-
tients 5, 6,7, 8,16,and 17). These patients experienced
PD 2-3 months after initiating sunitinib, including a
40-yr-old woman with an unusually aggressive meta-
static PHEO to the liver with more than 50% tumor
enlargement by RECIST 1.1 in a period of 2 months.
Her Eastern Cooperative Oncology Group (ECOG) per-
formance status was 1 and deteriorated rapidly. She
died 6 wk later of progressive hepatomegaly and portal
hypertension. The clinical characteristics of the other
five patients, including a 13-yr-old boy, are presented in
Table 1. Of note, none of these six patients experienced
exacerbation of hypertension or pain with sunitinib.

Safety

All our patients experienced side effects. The most com-
mon side effects were hypertension, diarrhea, hand-foot
syndrome, sore mouth, and fatigue. In most patients, the
adverse effects were graded as 1-2 and did not prevent the
patients from continuing treatment with sunitinib. How-
ever, as described above, one patient developed a hyper-
tensive crisis with pulmonary edema (grade 4). In addi-
tion, three patients (9, 10, and 11 in Table 1) discontinued
treatment with sunitinib because of early grade 3 adverse
events. One patient with an SDHB gene mutation and
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extensive, massive, and painful skeletal metastases ex-
perienced intense pain exacerbation 3 d after initiating
sunitinib. Pain was difficult to control despite the use of
oral and transdermal opioid medications. Treatment
with sunitinib was discontinued, and the pain intensity
decreased to baseline 2 d later. Another patient, a 69-
yr-old woman, with an apparently sporadic PHEO, ex-
perienced frequent syncope episodes; 6 d later, the pa-
tient discontinued treatment. A third patient, positive
for SDHB gene mutation, developed progressive fatigue
that was not relieved by rest and limited her self-care.
She discontinued sunitinib 4 wk after initiating therapy.
Patient 13 (Table 1) developed a grade 3 hand-foot syn-
drome that led to sunitinib discontinuation 7 months
after treatment initiation despite a PR. The disease later
progressed. Grade 1 elevations of serum creatinine as-
sociated with sunitinib were observed in three patients.
In two of these patients, creatinine values improved by
decreasing sunitinib from 50 mg daily (4 wk on/2 wk
off) to 37.5 mg daily (4 wk on/2 wk off). The third
patient (patient 10) discontinued sunitinib because of
fatigue.

Patient with sunitinib and rapamycin

A 20-yr-old woman (patient 4 in Table 1) with a para-
ganglioma syndrome type 4 (PGL4) and a retroperitoneal
PGL initially diagnosed at age 11. The tumor was surgi-
cally excised, and adrenergic symptoms disappeared.
However, 2 yr later, during follow-up, ['*F|[FDG-PET/CT
showed evidence of recurrence with the presence of a ret-
roperitoneal mass and liver and bone metastases. The ab-
dominal mass and liver metastases were removed, and her
hypertension was treated with doxazosin. She received
radiation therapy to the spine and underwent chemother-
apy with cyclophosphamide, vincristine, and temozolo-
mide. However, her disease progressed. The patient was
given sunitinib. Her hypertension and pain exacerbated in
association with fatigue and hand-foot syndrome, and she
was given atenolol. Six months later, her plasma normeta-
nephrine level had decreased by three times her baseline
level, her pain improved, and her symptoms of catechol-
amine excess disappeared. Atenolol was discontinued be-
cause she became bradycardic. Her ECOG performance
statuswas 0. A ['*F]JFDG-PET/CT scan obtained 6 months
after treatment initiation showed overall decreased met-
abolic activity in all metastases. One year after treatment
was initiated, ['"*FJFDG-PET revealed stable glucose up-
take, except in one lesion in the lumbar spine that showed
increased glucose uptake in association with back pain
exacerbation. The patient reported experiencing fatigue,
and her dosage of sunitinib was lowered to 25 mg/d, 2 wk
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TABLE 3. Antihypertensive medications, blood pressure, and catecholamine metabolites (at baseline and at the time
of the best blood pressure control) in six patients who experienced clinical benefit during sunitinib therapy

Patient no.

At baseline

At 4 wk

At 2-6 months

At 8-10 months

At 12 months

Drugs

Blood pressure
(mm Hg)
PNM (pmol/liter)
Normal values

Drugs

Blood pressure
(mm Hg)
PNM (pmol/liter)
Normal values
PM (pmol/liter)
Normal values

Drugs

Blood pressure

(mm Hg)

UNM (nmol/d)
Normal values

Drugs

Blood pressure
(mm Hg)
PNM (pmol/liter)
Normal values
13
Drugs

Blood pressure
(mm Hg)

UNM (nmol/mmol

creatinine)
Normal values
UM (nmol/mmol
creatinine)
Normal values
15
Drugs

Blood pressure
(mm Hg)

UNM (nmol/mmol

creatinine)
Normal values

Phenoxybenzamine, 30
mg/d; atenolol, 50
mag/d

95/73

43,407
<3592]

Terazosin 2 mg/d,;
carvedilol, 80 mg/d

128/77
12,017
<808
202
<288

Terazosin, 8 mg/d

139/87

38,869
<3690

Doxazosin, 2 mg/d
126/69

5689
<808

Atenolol, 100 mg/d;

irbesartan, 150 mg/
d; prazosin, 20 mg/d

130/80
17,440

<275
5894

<120
Prazosin, 10 mg/d;
propranolol, 20 mg/
d
130/85
1288

<275

Phenoxybenzamine, 30

mg/d; atenolol, 50
mag/d
100/60

Terazosin, 2 mg/d;
ramipril, 5 mg/d;
aliskiren, 300 mg/d;
carvedilol, 50 mg/d;
phenoxybenzamine,
20 mg twice a day

170/92

Terazosin 10 mg/d;
phenoxybenzamine
10 mg/d

165/116

Doxazosin, 4 mg/d;
atenolol, 50 mg/d
107/61

Celiprolol, 400 mg/d;
prazosin, 20 mg/d;
metyrosine, 2000
mag/d

161/94

Ramipril, 10 mg/d;

metoprolol, 200 mg/

d
120/70

Prazosin, 1 mg/d

99/77

6928
<808

Terazosin, 2 mg/d;
ramipril, 5 mg/d;
aliskiren, 300 mg/
d; carvedilol, 50
mg/d

130/69

Terazosin 2 mg/d

100/69

Doxazosin, 2 mg/d

100/67

Prazosin, 5 mg/d;
amlodipine, 10
mg/d; atenolol,
100 mg/d;
metyrosine, 2000
mg

150/80

1321

<275
37

<120
Ramipril, 1.25 mg/d;
metoprolol, 200
mg/d
100/50
377

<275

Phenoxybenzamine,
30 mg/d;
atenolol, 50 mg/d

150/80

Disease progression

No antihypertensives

97/67

57,000
<900
1930
<500

No antihypertensives

93/61

8703
<3690

Doxazosin, 2 mg/d
109/66

5443
<808

Amlodipine, 10 mg/
d; prazosin, 15
mg/d; metyrosine,
2000 mg/d;
atenolol, 100 mg/
d

120/80

2218

<275
134

<120

Prazosin, 1 mg/d;
metoprolol, 200
mg/d

90/60

Died

No antihypertensives

100/62

No antihypertensives

101/64

Doxazosin, 2 mg
every other day
116/67

Amlodipine, 10 mg/
d; prazosin, 5 mg;
celiprolol, 200
mg/d; metyrosine,
2000 mg

143/92

Prazosin, 1 mg/d;
metoprolol, 200
mg/d

130/80

268

<275

Patients 5, 6, 7, 8, 16, and 17 did not experience hypertension improvement or exacerbation while taking sunitinib. Patients 9, 10, and 11 could
not tolerate the drug. Patient 9 had exacerbation of hypertension; patient 10’s blood pressure did not change; patient 11 developed hypotension.
Patients 12 and 14 were not hypertensive and did not experience hypertension while taking sunitinib. PM, Plasma metanephrines; PNM, plasma
normetanephrines; UM, urine metanephrines; UNM, urine normetanephrines.

normal while taking 2 mg doxazosin every other day, and
her ECOG performance status is 0. ["*F]JFDG-PET re-
vealed an overall lower glucose uptake, with no disease
progression (Fig. 3).

on, 1 wk off. The patient was given 4 mg rapamycin daily
with sunitinib. Three years after initiating sunitiniband 18
months after adding rapamycin (at the time of this writ-
ing), the patient is asymptomatic, her blood pressure is
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FIG. 3. Positive response to sunitinib and rapamycin. A patient with both bone and soft-tissue sites of metastatic disease was treated with
sunitinib. The results of two FDG-PET/CT studies are shown, obtained 36 months apart. A and B, A soft-tissue metastasis in the right flank
decreased in intensity from an SUV of 17.5 before treatment to 2.7 after treatment; C and D, a lytic bone metastasis in the T11 vertebral body
decreased in intensity from an SUV of 21.6 to 2.1; E and F, a lytic bone metastasis in the right iliac bone, although persistently hypermetabolic,

showed positive response with a decline in SUV from 37.6-14.6.

Discussion

In our series, 47% of patients with progressive metastatic
PHEO or SPGL who were treated with sunitinib experi-
enced clinical benefit such as tumor size reduction or dis-
ease stabilization with a median PFS of 4.1 months. The
blood pressure of responder patients with hypertension
improved with discontinuation or dosage reduction of an-
tihypertensive medications. The duration of these benefits
varied among patients and lasted 6—35 months with use of
sunitinib alone. In one patient who was treated with
sunitinib and rapamycin, clinical benefits were still evident
after 36 months. Our findings confirmed previous obser-
vations in which sunitinib was also associated with de-
creased tumor size (13, 15), decreased ['®*F]JFDG-PET up-
take (18), and better blood pressure control (13).

Six of the eight patients who experienced clinical ben-
efit carried germline-inactivating mutations in the SDHB
(PGL4) or VHL (VHL disease) genes, and two had appar-

ently sporadic tumors. SDHB mutations predispose pa-
tients to loss of electron transport chain activity and high
intracellular concentrations of succinate that interfere
with VHL protein activity and are associated with rapid
PD and poor prognosis. Tumors associated with SDHB
and VHL mutations display pseudohypoxic environ-
ments, with rich expression of angiogenesis and extracel-
lular matrix elements, suppression of oxidoreductase en-
zymes, and increased intracellular HIF concentrations
(19, 20). Metastatic tumors have also been described in
association with mutations in other succinate dehydroge-
nase subunit genes, including SDHC (PGL3) (21) and
SDHD (PGL1) (22). VHL, SDHB, SDHC, and SDHD
mutations are all reported to cause deregulation of HIF
and the EgIN3/cJun/JunB pathway, suggesting an over-
lapping common mechanism of tumorigenesis and a sim-
ilar angiogenic profile (19, 23). Because some sporadic
PHEOs and SPGLs also share a similar pseudohypoxic
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and angiogenic profile with VHL-, SDHB-, SDHC-, and
SDHD-related tumors (19), a considerable number of pa-
tients with metastatic tumors may benefit from therapies,
such as sunitinib, that target angiogenic factors.

The observed benefits with sunitinib have lasted for up
to 35 months when the drug was used as a single agent,
with three patients with SDHB mutations having clinical
benefits for at least 2 yr, despite initially rapid PD. Some
of the responder patients, however, exhibited delayed tu-
mor progression, a phenomenon that has also been de-
scribed in patients with renal cell carcinoma (24). The
development of tumor progression and resistance may
have to do with the compensatory activation of molecular
pathways that are not inhibited by sunitinib, such as the
mammalian target of rapamycin (mTOR) pathway. The
mTOR pathway is disrupted in many malignant neuroen-
docrine tumors, including metastatic PHEOs and SPGLs
(25). Rapamycin binds the cytosolic protein FK-binding
protein 12 (FKBP12), inhibiting the mTOR pathway by
directly binding mTOR complex 1 (26), interfering with
the synthesis of proteins that regulate the cellular cycle,
angiogenesis, and glycolysis (26); therefore, the addition
of rapamycin to sunitinib could result in synergistic anti-
neoplastic effects (27, 28). In fact, Zhang et al. (29) dem-
onstrated synergistic cytotoxicity in neuroblastoma cells
with low-dose sunitinib and rapamycin. In our series, one
of the patients who experienced the longest duration
of clinical benefits was treated with a combination of
sunitinib and rapamycin. In this patient, the dosage of
sunitinib was reduced to mitigate adverse effects. Al-
though we cannot make definitive conclusions from this
single case, the patient has tolerated this therapeutic com-
bination well and has not had PD for 3 yr despite having
PGL 4 (SDHB), a condition associated with poor prog-
nosis (30). Although the combination of sunitinib and
mTOR inhibitors should be explored in prospective clin-
ical trials, a cautious assessment of adverse effects would
be needed because the use of everolimus, another mTOR
inhibitor, with sunitinib has been associated with substan-
tial toxicity in patients with kidney cancer (31).

One of the most common adverse effects of sunitinib is
hypertension (12), and patients may develop acute hyper-
tension exacerbation. However, our experience with
sunitinib indicates that it can safely be used in patients
with PHEOs and SPGLs as long as strict follow-up and
aggressive antihypertensive dosage adjustments are per-
formed. In our patients, sunitinib was initiated only after
the patients had normal or almost normal blood pressure.
At treatment outset, additional antihypertensive drugs or
dosage increase were usually required. Of interest, five
patients who experienced clinical benefits exhibited an
initial exacerbation of hypertension, followed by blood
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pressure normalization 5-6 wk after initiating sunitinib.
Two patients discontinued antihypertensive agents a few
months later, and two continued taking single, low-dos-
age, short-acting antihypertensives. We attributed these
patients’ blood pressure improvements to a decrease in
catecholamine secretion due to sunitinib’s antineoplastic
effects. Of interest, exacerbation of hypertension could be
predictive of a positive response to this drug, an observa-
tion also made in patients with other tumors treated with
sunitinib (32, 33).

Although four responders achieved a PFS of at least 1
yr, the median PFS was 4.1 months, having some patients
with a very short PFS due to early treatment side effects.
Our observations suggest that proper analgesic therapy,
strict blood pressure control, and catecholamine antago-
nism should be established before initiating sunitinib.

As observed in our case series and by others (34), the
skeleton is frequently affected by metastatic disease, and in
some patients, it is the only area affected by tumor spread.
Currently, bone metastases are an important limitation to
assess a radiographic response because these lesions are
usually not measurable using standard clinical trial defi-
nitions. Because many clinical trials in oncology use mea-
surable tumor response as a primary endpoint, patients
with metastatic PHEO/SPGL that exclusively involve the
skeleton will be excluded. Therefore, we recommend that
clinical trials against metastatic PHEO/SPGL use other
primary endpoints such as PFS. Our observations suggest
that ['®F]FDG-PET/CT scans could be useful to evaluate
response. Indeed, all patients who experienced a response
on ['®FIFDG-PET/CT were classified as responders or sta-
ble using RECIST 1.1 criteria. However, the significance
of the changes in values of the ['*F]FDG uptake needs to
be further studied as an exploratory endpoint in prospec-
tive clinical trials.

Fifty-three percent of patients treated with sunitinib
experienced no clinical benefits or adverse effects. Most of
these patients had apparently sporadic tumors. The rea-
sons why these patients experienced no clinical benefits
are not clear (35).

From an oncological perspective, we do not have com-
parative studies for any of the current systemic therapies
that could tell us which should be recommended as first-
line therapy. To date, only a phase 2 clinical trial with
MIBG has been published (9), and no phase 3 clinical trials
exist (4). Currently, systemic therapies should be offered
in an individualized manner depending on disease pro-
gression, MIBG uptake, access to treatment, and comor-
bidities. Our results suggest that sunitinib is a novel po-
tential treatment for patients with metastatic disease, a
disease with limited therapeutic options.

The Endocrine Society. Downloaded from press.endocrine.org by [${individual User.displayName}] on 18 November 2014. at 04:52 For personal use only. No other uses without permission. . All rights reserved.



J Clin Endocrinol Metab, November 2012, 97(11):4040-4050

Limitations of this study are related to the rarity of this
disease and include its retrospective nature, the lack of a
control group, the small sample size, and the lack of eval-
uation of quality of life. Nonetheless, we are presenting the
first series of patients treated with sunitinib in the context
of progressive metastatic PHEO/PGL, an orphan disease
for which therapeutic options are limited (4). Further-
more, the results presented here could help to highlight
several aspects that are important to consider when de-
veloping clinical trials against PHEO/PGL, such as the
determination of clinical endpoints, prevention of side ef-
fects, and assessment of toxicity and quality of life.

Conclusions

Tyrosine kinase inhibitors such as sunitinib provide
clinical benefits for some patients with progressive meta-
static PHEOs and SPGLs. ['*F|[FDG-PET/CT appears to
be the best mean of determining benefit in many of these
patients and also highlights the disordered metabolism of
these tumors and opportunities for targeted therapy.
These results should encourage the development of well-
designed prospective multi-institutional clinical trials with
single or combined molecular targeted therapies against
these rare diseases.
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