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A Case of Malignant Pheochromocytoma with Holt-Oram
Syndrome
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Abstract. A 23-year-old female patient with malignant pheochromocytoma was admitted to the Tokyo Women’s Medical
University. The patient had been clinically diagnosed with Holt-Oram syndrome at birth. Since she had complex
congenital heart disease, chronic heart failure, and severe hypoxia, the risk surrounding surgery to remove the primary
tumor was predicted to be very high, and subsequently, chemotherapy was performed. The patient was not able to
continue chemotherapy due to adverse effects. However, for one year, both her hypertension and catecholamine-
dependent symptoms were well controlled by an alpha-adrenergic and beta-adrenergic receptor blockade, although the
patient did experience high plasma norepinephrine levels. To our knowledge, this is the first report of a patient with the
combination of malignant pheochromocytoma and Holt-Oram syndrome. A correlation between chronic hypoxia and
pheochromocytoma has been reported. This instructive case reminds us to consider the possibility of pheochromocytoma
with congenital heart disease when these types of unexpected or unusual symptoms are encountered.

Key words: Malignant pheochromocytoma, Holt-Oram syndrome

(Endocrine Journal 55: 153—159, 2008)

HOLT-ORAM syndrome, also called the heart-hand
syndrome, is an inherited disorder that causes anoma-
lies of the upper limbs and heart [1-4]. The prevalence
of this disorder has been estimated to be 0.95 per
100,000 total births [5]. The incidence of malignant
pheochromocytoma is also very rare, accounting for
2.5% to 13% of pheochromocytomas (prevalence 0.8
per 100,000) [6, 7]. Although cases of pheochromocy-
toma associated with congenital heart disease have
been described in the literature, no case of malignant
pheochromocytoma accompanied by Holt-Oram syn-
drome has been reported. We present the first case of
cyanotic complex congenital heart disease of Holt-
Oram syndrome associated with malignant pheochro-
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mocytoma (extra-adrenal abdominal pheochromocyto-
ma) with multiple liver and bone metastases. We use
the term pheochromocytoma to indicate tumors located
in the adrenal glands, and extra-adrenal abdominal and
thoracic locations, according to a previous report [8].

Case Report

A 23-year-old female patient with malignant pheo-
chromocytoma was admitted to the Tokyo Women’s
Medical University in 2005. At birth, the patient had
been clinically diagnosed with Holt-Oram Syndrome
due to severe cyanosis resulting from complex congen-
ital heart disease (dextrocardia, a single ventricle, and
pulmonary atresia) and bilateral agenesis of the radial
bone and first finger. Genetic analysis was not per-
formed. The patient experienced meningitis when she
was one year old, resulting in complete deafness. She
underwent heart surgery when she was two years old
and again at ten. Her condition was carefully followed
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Fig. 1. Computed tomography of the abdomen demonstrated a
soft tissue mass located behind the right kidney that was

23 mm in diameter.

Fig. 2.

Computed tomography of the abdomen demonstrated
multiple nodular lesions in the liver.

up on a continuing outpatient basis by the pediatric
cardiology department of the National Center of Child
Health and Development.

The patient became aware of hyperhidrosis when she
was 20 years old, and began to experience palpitations
and effort-dependent dyspnea at 22 years old. At the
age of 23, she was admitted to the National Center of
Child Health and Development for acute heart failure.
She had episodes of sudden increases in systolic blood
pressure to 160 mmHg accompanied by headaches and
palpitations. Plasma norepinephrine levels (7283 pg/
ml) were significantly elevated, while plasma epineph-
rine levels remained normal (38 pg/ml). Computed
tomography (CT) of the abdomen demonstrated a soft
tissue mass located behind the right kidney that was
23 mm in diameter, as well as multiple nodular lesions
in the liver (Fig. 1, 2). The left kidney was congenitally
atrophic and the right kidney showed compensatory
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Fig. 3. lodine-labeled metaiodobenzylguanidine scintigraphy

revealed an intense accumulation in the right abdomen,
multiple intense accumulations in the liver and right fe-
mur, and multiple moderate accumulations in the tho-
racic and lumbar spine.

hypertrophy. The bilateral adrenal glands appeared to
be intact. lodine-labeled metaiodobenzylguanidine
(3'I-MIBG) scintigraphy demonstrated an intense ac-
cumulation in the right abdomen, multiple intense ac-
cumulations in the liver and right femur, and multiple
moderate accumulations in the thoracic and lumbar
spine (Fig. 3).

Findings were compatible with a diagnosis of malig-
nant pheochromocytoma (extra-adrenal abdominal
pheochromocytoma) with multiple liver and bone me-
tastases, and the patient was referred to the Tokyo
Women’s Medical University for further evaluation
and management. On admission, the patient stood
150 cm tall and was 40.5 kg in weight. Her blood pres-
sure, measured from her thighs because of the atrophy
of the upper extremities, was 112/74 mmHg under
medication with the alpha-adrenergic receptor blocker,
prazosin (1.5 mg/day). Her heart rate was 80 beats per
minute (bpm) and regular. Her lips and extremities
showed severe cyanosis. She had bilateral hearing dis-
turbances, accompanied by bilateral Duane Syndrome,
which consists of limitation of eye abduction associat-
ed with retraction of the eye globe and narrowing of the
palpebral fissure on adduction. There was no familial
history of hypertension or congenital anomalies.

A complete blood cell count revealed polycythemia
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Table 1. Laboratory data on admission Table 2. Endocrine data on admission
WBC 10.26 x 103/mm? Normal range
6 3
EEC ?91; X/(lﬂ(i /mm Serum  Adrenaline 38 pg/ml <100
i Noradrenaline 10985 pg/ml 100450
Ht 56.7% .
Platelet 20.5 x 104/mm’ Dopamine 23 pg/ml 20
T-prot p 9 /L Urinary Metanephrine 0.34 mg/day 0.05-0.23
“bro 8 Normetanephrine  12.79 mg/day 0.07-0.26

Alb 3.9 g/dL
T-bil 1.0 mg/dL
AST 35 TU/L , _
ALT 25 TU/L gen saturation 87.4%) because of the complex cyanotic
LD 327 IU/L congenital heart disease. An X-ray of her arms showed
ALP 275 IU/L bilateral agenesis of the radial bone and first finger
YGTP 76 TU/L (Fig. 4b, ). There were no osteolytic or osteosclerotic
BUN 13.8 mg/dL h : :

changes of the spinal bone or bilateral femur. The pa-
Cr 0.67 mg/dL . . o .
UA 4.9 mg/dL tient suffered from sweating, headaches, palpitations,
Na 136 mEq/L general fatigue, and vertigo. After administration of
K 4.4 mEq/L the alpha-adrenergic receptor blocker, doxazosin
Cl 99 mEq/L (3 mg/day), her episodes of sudden increase in systolic
Ca 9.9 mg/dL blood pressure improved, but her heart rate increased
P 4.1 mg/il dL to 100-120 bpm and the beta-adrenergic receptor
;C;ho gi;n rﬁg /](;1 blocker, carvedilol (1.25 mg/day), was administered.
HDL-C 91 me/dL By increasing the doses of doxazosin (6 mg/day) and
CRP 0.16 mg/dL carvedilol (2.5 mg/day), her blood pressure and heart
FBS 101 mg/dL rate were controlled at normal levels and her symptoms
IRI 6.5 mU/ml improved_
HbAlc 6.7%

WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin;
Ht, hematocrit; T-prot, total protein; Alb, albumin; T-bil, total
bilirubin; AST, asparate aminotransferase; ALT, alanine ami-
notransferase; LD, lactate dehydrogenase; ALP, alkaline phos-
phatase; yGTP, y-glutamyl transpeptidase; BUN, blood urea
nitrogen; Cr, creatinine; UA, uric acid; Na, sodium; K, potassium;
Cl, chloride; Ca, calcium; P, phosphorous; TG, triglyceride; T-
cho, total cholesterol; HDL-C, HDL-cholesterol; CRP, C-reactive
protein; FBS, fasting blood sugar; IRI, immunoreactive insulin;
HbAlc, glyco hemoglobin Alc

(red blood cells 6.11 x 10%/mm?, hemoglobin 19.8 g/dI,
hematocrit 56.7%) and leucocytosis (white blood cells
10.26 x 10°/mm?) (Table 1). Other major laboratory
findings, including electrolytes, renal function, and
liver function, were within normal limits (Table 1).
Endocrine investigation showed extremely elevated
levels of plasma norepinephrine (10985 pg/ml) and uri-
nary normetanephrine (12.79 mg/day) (Table 2). Chest
X-ray examination revealed dextrocardia (Fig. 4a).
Two-dimensional echocardiography showed only a
single ventricle, but contraction seemed almost normal.
Her arterial blood gas data showed severe hypoxia
(pCO, 40.2 mmHg, pO, 48.8 mmHg, hemoglobin oxy-

Since the patient had complex congenital heart dis-
ease and chronic heart failure, the risk of using general
anesthesia was thought to be very high, so an operation
to remove the primary tumor of the pheochromocyto-
ma, as well as radiofrequency ablation for the multiple
hepatic metastases was not an option. Transcatheter
arterial embolization was not indicated, since adriamy-
cin has toxic consequences on cardiac function. The
patient had to stay in the hospital room without any as-
sistance during the 1311-MIBG therapy. Since she had
several malformations of the extremities and required
various assistance for her daily activity, 1311-MIBG
therapy was not indicated. Subsequently, chemothera-
py with a combination of cyclophosphamide (750 mg/
m? BSA), vincristine (1.4 mg/m? BSA), and dacarba-
zine (600 mg/m? BSA) on day 1, and another dose of
dacarbazine (600 mg/m?> BSA) on day 2, were per-
formed [6, 9]. Unfortunately, the patient suffered from
severe adverse effects while on this regimen, including
nausea, loss of appetite, headache, flushing of the face,
sensory sensitivity and alopecia. In addition, she had
transient liver dysfunction, the worst occurring on day
4 {asparate aminotransferase (AST) 110 IU/L, alanine
aminotransferase (ALT) 110IU/L}, and transient
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Fig. 4. Chest X-ray examination revealed dextrocardia (a), and an X-ray of her arms showed bilateral agenesis of the radial bone and

first finger {right arm (b),left arm (c)}.

pancytopenia. Additional chemotherapy was not per-
formed due to these severe adverse effects. Although
her general condition had improved one month after
the chemotherapy, her endocrine data did not show a
significant improvement. She was discharged from our
hospital and prescribed doxazosin (6 mg/day) and
carvedilol (2.5 mg/day). Her plasma norepinephrine
level gradually became elevated to 60755 pg/ml over a
period of one year after discharge. She was carefully
followed up at the outpatient clinic and was prescribed
an increased dose of doxazosin (7 mg/day), with the
carvedilol (2.5 mg/day).

Discussion

Although the pathogenesis of pheochromocytoma
remains unknown, recent studies have demonstrated its
close relationship to mutations of the succinate dehy-
drogenase (SDH) gene [10-12]. SDH is the major
component of the mitochondrial complex II of the res-
piratory chain, and consists of four nuclear-encoded
polypeptides: a flavoprotein (SDHA), iron sulfur pro-
tein (SDHB), and two integral membrane proteins
(SDHC and SDHD) [13]. Of these components, it has
been reported that the SDHB gene is more closely asso-
ciated with malignant pheochromocytoma [14].

Holt-Oram syndrome is an inherited disorder that
causes anomalies of the upper limbs and heart due to
mutations in the TBX5 gene [1-4, 15]. TBXS is a
member of the evolutionarily conserved T-box family
of transcription factor genes localized to chromosome
12g24.1. On the other hand, SALL gene mutations are
reported to be the causes of Duane anomaly, anal
stenosis, deafness and limb anomalies. Patients with
Duane anormaly are often associated with radial sided
hand malformations,atrial septal defects and other mal-
formations. It is unclear at present whether these con-
ditions are truly distinct or whether several overlap
syndromes exist [15]. It has been reported that patients
with typical radial ray malformations with Duane syn-
drome might carry a SALL4 mutation, region of chro-
mosome 20 [16]. However, the clinical manifestations
of Holt-Oram syndrome vary, and range from subclini-
cal radiographic findings to overt, life-threatening
disease. Cardiac abnormalities may include single or
multiple atrial and ventricular septal defects, or they
may be absent [5]. In our case, although a genetic anal-
ysis had not been performed, a diagnosis of Holt-Oram
syndrome was made based upon the combination of
clinical manifestations, including the complex congen-
ital heart disease and bilateral agenesis of the radial
bone and first finger. We should consider other disor-
ders with limb and cardiac malformation caused by
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SALL4 mutation, since clinical features overlap with
Holt Oram syndrome, thus genetic analysis is needed
for further investigation.

To our knowledge, this is the first report of a case
with the combination of malignant pheochromocytoma
and Holt-Oram syndrome. Details of the mechanisms
underlying these two rare disease states remain to be
elucidated. The associations between TBX5, SALL4,
and SDH mutations have not been described. Howev-
er, pheochromocytoma has been reported in patients
with various other cyanotic heart diseases such as Fal-
lot complex, single ventricle physiology, and tricuspid
atresia [17, 18]. Furthermore, a significant correlation
between chronic hypoxia and peripheral neuroblastic
tumors, including pheochromocytoma, has also been
reported [19-22]. The hypoxic state stimulates cate-
cholamine secretion from the adrenal medulla, and
chronic endocrine hyperactivity may lead to hyperpla-
sia and neoplasia [17]. Mutations of pheochromocyto-
ma-related genes such as VHL, SDHB and SDHD have
been demonstrated to be associated with increased
hypoxic signals [23, 24]. Activation of the hypoxia-
inducible transcription factors HIF-1 and HIF-2 have
been implicated in the pathogenesis of pheochromocy-
toma associated with VHL, SDHB and SDHD muta-
tions [25]. HIF activation is said to be necessary and
sufficient for many of the manifestations of VHL loss
of function. It has been suggested that mutation of the
SDH gene results in tissue hypoxia, leading to angio-
genesis and tumorigenesis [23]. Lee ef al. suggested a
pathway of genetic events leading to pheochromocyto-
ma that germline NF-1, c-RET, SDH and VHL mutation
allow sympathetic neuronal progenitors to escape apo-
ptosis and thereby neoplastic transformations occur
[26] [27]. Taken together, these reports suggest that
severe hypoxia could be the key mechanism for the
combination of malignant pheochromocytoma and
Holt-Oram syndrome in the present case. The genetic
background of this phenomenon awaits further investi-
gation.

Surgical treatment in this patient was not indicated

because of her severe heart disease and the malignant
nature of the pheochromocytoma. Without treatment,
the 5-year survival is generally less than 50% [15]. Al-
ternatives to surgical resection include external beam
radiation [28], cryoablation, radiofrequency ablation,
transcatheter arterial embolization [29], and radiophar-
maceutical therapy. All of these treatments were diffi-
cult for our patient. Chemotherapy with a combination
of cyclophosphamide (Cytoxan), vincristine (Oncovin),
and dacarbazine (DTIC-Dome) was performed. Since
the patient experienced various and sustained adverse
effects from the chemotherapy, she underwent the ther-
apy only once. Her endocrine data did not show any
improvement.

Considering the effects of pheochromocytoma on
blood pressure, and the potentially cytotoxic effects of
high circulating catecholamine levels on the myocar-
dium [30, 31], medical management of pheochromocy-
toma generally involves the use of an alpha-adrenergic
receptor blockade. Beta-adrenergic receptor blockade
is indicated after adequate alpha-adrenergic blockade
in patients with tachycardia and catecholamine-
induced arrhythmias [32]. In this case, the patient’s
blood pressure and heart rate were controlled at a nor-
mal level and her symptoms (sweating, headaches, pal-
pitations, general fatigue, and vertigo) improved. She
was treated with a combination of doxazosin at 6 mg/
day and carvedilol at 2.5 mg/day and discharged from
our hospital. Both hypertension and catecholamine-
dependent symptoms were well controlled for one
year, although her plasma norepinephrine level gradu-
ally became elevated to 60755 pg/ml.

In summary, we treated a 23-year-old female with
Holt-Oram syndrome diagnosed as malignant pheo-
chromocytoma. This combination is rare, but the two
diseases may be related through hypoxia. This instruc-
tive case reminds us to consider the possibility of pheo-
chromocytoma with congenital heart disease when
these types of unexpected or unusual symptoms are
encountered.
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