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A Rare Case of Carney-Stratakis Syndrome in a Patient
With SDHA Mutation
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Abstract

Paragangliomas (PGLs) and pheochromocytomas (PCCs) are rare tu-
mors that originate from the neuroendocrine tissue along the paraver-
tebral axis. Up to 35% of these tumors may be hereditary either alone
or as a component of a multiple tumor syndrome. The gastrointestinal
stromal tumors (GISTs) are the most common mesenchymal neoplasms
of the gastrointestinal tract. Most GISTs are driven by gain-of-function
mutations in KIT (75-80%) or platelet-derived growth factor receptor-a
(PDGFRA) (10%). Approximately 15% of GISTs occurring in adults
with no KIT or PDGFRA mutations are thermed “wild-type” GISTs.
Succinate dehydrogenase (SDH) mutations may contribute to occur-
rence of wild-type tumors. In 2002, Carney and Stratakis described
a new familiar syndrome (CSS) of PGLs/PCCs and GIST caused by
germline mutations in SDH. SDH may act as a tumor suppressor gene,
and its defects may be oncogenic. In most of CSS cases, the muta-
tions involve the SDHB/C/D subunits; SDHA mutations are reported
but extremely rare. We report a case of CSS with a solitary GIST and
an incidentally discovered silent PCC harboring an SDHA mutation.
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Introduction

Paragangliomas (PGLs) and pheochromocytomas (PCCs)
are rare tumors that originate from the neuroendocrine tissue
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along the paravertebral axis. Up to 35-40% of these tumors
may be hereditary either alone or as a component of a multiple
tumor syndrome [1]. Over the last decade, there has been pro-
gress in understanding the genetic mechanisms involved in the
transmission and development of PGLs/PCCs syndromes [2].

The gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal neoplasms of the gastrointestinal
tract. They are most common in the stomach (50-60%) and
small intestine (30-35%) and are less frequent in the colon
(5%) and esophagus (< 1%) [3]. Most GISTs are driven by
gain-of-function mutations in KIT (75-80%) or platelet-de-
rived growth factor receptor-o. (PDGFRA) (10%). However,
approximately 15% of GISTs occur in adults with no KIT or
PDGFRA mutations; these tumors are termed “wild-type”
GISTs. It has been reported that succinate dehydrogenase
(SDH) mutations may contribute to occurrence and growth of
wild-type tumors [4].

In 2002, Carney and Stratakis described a new familiar
syndrome of PGL and gastric stromal sarcoma (CSS) caused
by germline mutations in SDH leading to dysfunction of com-
plex IT of the electron transport chain. SDH may act as a tumor
suppressor gene, and its defects with a reduction in enzymatic
activity may be oncogenic. CSS transmission has an autoso-

Figure 1. Endoscopy showed a 35-mm gastric sub-mucosal hemor-
rhaging lesion.
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Figure 2. Histologic features of the gastric GIST. (a) Low magnification showing a well-circumscribed tumor localized in the
gastric wall and sparing the mucosa (left upper part of the image) (hematoxylin-eosin, x 20). (b) Higher magnification showing a
relatively bland proliferation of oval cells with a moderate amount of cytoplasm. Mitoses were inconspicuous. (c, d) At immuno-
histochemistry, neoplastic cells were diffusely positive with DOG-1 (c) and CD117/Kit.

mal-dominant inheritance pattern, with incomplete penetrance
[5]. In most cases, the mutations involve the SDHB/C/D sub-
units; moreover, germline SDHA mutations are reported but
extremely rare [6].

We present a case of CSS with a solitary GIST and an inci-
dentally discovered PCC harboring an SDHA mutation.

Case Report

A 56-year-old Caucasian man came to our attention with his-
tory of increasing fatigue, vague abdominal discomfort, reflux
symptoms and progressive anemia (Hb 8.7 g/dL) starting from
15.3 g/dL one year before. Fecal occult blood result was posi-
tive. No past medical history of interest was reported. Physi-
cal examination showed a heart rate of 68 beats per minute,
blood pressure of 122/80 mm Hg without postural drop and the
body mass index was 24.7 kg/m?. The upper gastrointestinal
endoscopy revealed a 35-mm gastric sub-mucosal hemorrhag-
ing lesion, suggestive of GIST (Fig. 1). A gastric biopsy was
performed and microscopic evaluation showed a well-circum-
scribed tumor localized in the gastric wall and sparing the mu-
cosa (left upper part of the image). At immunohistochemistry,
neoplastic cells were diffusely positive with DOG-1 (c¢) and
CD117/Kit as cells were positive for DOG1, CD117 and nega-
tive for desmine and S100 protein. The number of mitoses was
small (2 x 50 HPF). Histopathological diagnosis was GIST
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(Fig. 2a-d).

A contrast computer tomography (CT) scan of abdomen
confirmed the gastric neoplasm and revealed a 10-mm intense
(150 HU) and irregular nodule on the right adrenal gland (Fig.
3a). At this point, the patient described infrequent and episodic
fast palpitations but denied sweating, headaches or constipa-
tion. Moreover, his wife referred mood swings and easy irrita-
bility. Patient also referred that his daughter underwent surgery
for laterocervical PGL at age of 23 years. Therefore, the adre-
nal function was investigated. Laboratory findings are shown
in Table 1. Notably, repeated 24-h urinary metanephrines
measurements were in the normal range. A '8F-flurodeoxyglu-
cose positron emission tomography (PET) showed an intense
uptake of the radiotracer at the level of gastric neoplasm and
right adrenal gland (SUVmax 33.2 and 8.6, respectively) (Fig.
3b).

Patient was treated with doxazosin (4 mg twice daily)
and atenolol (25 mg once daily) and underwent laparotomy
with radical GIST resection and right adrenalectomy. Histo-
pathology confirmed the diagnosis of GIST, WHO prognos-
tic group 2; histological diagnosis of the adrenal nodule was
of PCC, PASS score 4 (Fig. 4). The successive postoperative
course was uneventful and the patient was discharged in good
clinical condition without specific treatment. The presence of
GIST and PCC led us to the suspect of CSS and then genetic
analysis was performed. We analyzed the DNA of the patient
with NGS approach using Trusight One Sequencing Panel, de-
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Figure 3. (a) Gastric neoplasm and a 10-mm intense (150 HU) nodule on the right adrenal gland at contrast CT scan of abdomen.
(b) Intense uptake of the radiotracer at the level of gastric neoplasm and right adrenal gland at "8FDG-PET.

veloped by Illumina, focused on the exonic regions harboring
disease causing mutations. We identified a missense mutation
of SDHA with A/T variant and a single amino acid substitution
(Y/F) at position 629. This mutation was confirmed by allele
specific PCR and Sanger sequencing (Fig. 5).

At the follow-up after 12 months, the patient was in a
healthy state. We repeated the hormonal tests which were still
all in the normal range. No recurrence was detected by CT
scan.

The patient signed an informed consent to participate in
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this case report.

Discussion

This patient represents a new case of CSS with a putative func-
tionally relevant mutation in SDHA gene.

PCCs and PGLs are rare neural crest tumors derived
from catecholamine-secreting cells of the adrenal medulla
or extra-adrenal sympathetic paraganglia, respectively. PCCs
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Table 1. Preoperative Laboratory Findings

Parameter Value Normal range

Serum
Creatinine 0.89 0.6-12
Sodium, mEq/L 141 132.0 - 146.0
Potassium, mEq/L 3.9 35-55
Chloride, mEq/L 106 99.0-109.0
Glucose, mg/dL 105 70 - 100
Hemoglobin, g/dL 8.7 13.5-17.5
Ferritin, ng/mL 14 21-274
Chromogranine A, ng/mL 126 20.0-100.0
Renin, ng/dL 4.8 02-2.8
Aldosterone, pg/mL 90 30-150

Urine
Metanephrine, g/24 h 120.5 64.0 - 302.0
Normetanephrine, g/24 h 335.5 162.0 - 528.0
Cortisol, g/24 h 97 01/10/85

produce, store, metabolize and secrete catecholamines or their
metabolites; however, extra-adrenal PGLs are usually not as-
sociated with catecholamines secretion. The main signs and
symptoms of excess circulating catecholamines are headache,
palpitations, sweating, sustained or paroxysmal hypertension,
orthostatic hypotension, pallor or flushing, nausea, constipa-
tion, fatigue, weight loss, anxiety, fever, and hyperglycemia.
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Figure 4. Histologic features of the adrenal pheochromocytoma, con-
sisting in mildly atypical epithelioid cells disposed in well vascularized
nests.

According to the degree of catecholamines excess, patients
may present with hypertensive crisis, myocardial infarction,
arrhythmia, acute left ventricular failure, stroke, aortic dissec-
tion, and sudden death. However, in the last years, the patients
are often diagnosed with an incidentally “asymptomatic” adre-
nal mass detected by abdominal imaging performed for other
reasons [7]. In our experience, such as in this case, when a
focused history is obtained, some of the classic symptoms of
PCCs/PGLs are often disclosed retrospectively. Non-function-
ing PCCs, as our case, are uncommon [8, 9] and their coexist-
ence with other neuroendocrine tumors is rarely described in
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Figure 5. Missense mutation of SDHA with A/T variant and a single amino acid substitution (tyrosine/phenylalanine) at position

629.
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the medical literature. The majority of PCCc/PGLs occur spo-
radically but, nowadays, up to 35% of cases are attributable to
hereditary germline mutations in several genes among which
the SDHx complex [1, 2, 7]. Familial PCCs/PGLs are usually
transmitted as an autosomal dominant trait, so the offspring of
a mutation carrier will have a 50% chance to having inherited
the relevant gene mutation. Therefore, many authorities rec-
ommend genetic testing in all cases of PCCs/PGLs [10].

GISTS arise from stem cells with characteristics of inter-
stitial cells of Cajal, the pacemaker cells in the digestive tract
that regulate the peristalsis. Most GISTs are driven by gain-
of-function mutations in KIT (75-80%) or PDGFRA (10%).
However, about 15% of GISTs occurring in adults lack KIT or
PDGFRA mutations, and they are termed “wild-type” GISTs.
It has been reported that SDH mutations may contribute to
these so-called “wild-type” tumors [4]. SDH is a four-subunit
(A, B, C, and D) Krebs cycle enzymatic complex, located in
the inner mitochondrial membrane but encoded by chromo-
somal DNA. Whatever subunit is changed, the entire complex
is hampered, impairing succinate-to-fumarate conversion.
Succinate accumulation decreases degradation of hypoxia-
inducible factor-1o (HIF-1a); HIF-1a can thus translocate into
the nucleus initiating tumorigenic transcription [11].

The occurrence of two or more distinct types of NETs in
an individual patient is unusual, except in patients with he-
reditary syndromes such as von Hippel-Lindau disease, neu-
rofibromatosis 1, mutations in SDH, and multiple endocrine
neoplasia. In 2002, Carney and Stratakis described a new fa-
milial syndrome of PGL and gastric stromal sarcoma (CSS)
caused by germline mutations in SDH with an autosomal-
dominant inheritance pattern and incomplete penetrance [5].
In most cases, the mutations involve the SDHB/C/D subunits;
SDHA mutations are significantly unreported [6]. Our case is
relevant because it presented as isolated hemorrhaging gastric
GIST and an incidentally discovered adrenal mass, suspected
for PCC at imaging, but without clinical symptoms and labo-
ratoristic signs of adrenergic hyperactivity. The subsequent
acknowledgment of a PGL in a daughter corroborated the sus-
picious of the syndromic nature of GIST. Our genetic analysis
demonstrated a missense mutation of SDHA gene with A/T
modification in heterozygosity that determined a single amino
acid substitution (Y/F) at position 629 in exon 14.

We acknowledge that confirmation of the pathogenicity of
this mutation would necessitate transcript analysis and func-
tional studies even so unfeasible in our laboratory. However,
we are confident that the SDHA mutation may be relevant con-
sidering the two rare neoplasms coexistence in our patient and
an analogue tumor in a young daughter.

The natural history of PGLs/PCCs-GIST syndrome is not
completely established and there are no data regarding the
long-term prognosis of this condition. According to Carney
and Stratakis [5], the clinical approach to management of the
tumors should be based on the known behavior in other syn-
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dromes in which they appear.

In summary, in this report, we have reported another rare
case of CSS, with a gastric GIST and a non-functioning and in-
cidentally discovered adrenal PCC, relevant for a new SDHA
mutation. We believe that for all patients who present GIST
and PCC/PGL, the diagnosis of CSS should be considered to
make a genetic evaluation.
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