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Introduction
Carney complex (CNC) is a rare, multiple endocrine neoplasia and 
lentiginosis syndrome, characterized by abnormal cutaneous and 
mucosal pigmentation, myxomas predominantly of the heart, skin, 
and breast, endocrine neoplasms, psammomatous melanotic 
schwannomas (PMS), breast ductal adenomas, osteochondromyx-
omas, and other non-endocrine tumors. Endocrine tumors include 

primary pigmented nodular adrenocortical disease (PPNAD), pitu-
itary adenomas, thyroid tumors, testicular tumors, and ovarian  
lesions [1]. CNC is familial in 70 % of cases, with autosomal domi-
nant inheritance. With respect to the underlying molecular defect, 
germline inactivating mutations in the PRKAR1A gene, situated at 
the 17q24.2–24.3 locus (CNC1 locus) of the long arm of chromo-
some 17, are found in 37 % of patients with sporadic CNC and more 
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AbStR ACt

Carney complex is a rare, autosomal dominant, multiple endo-
crine neoplasia and lentiginosis syndrome, caused in most 
patients by defects in the PRKAR1A gene, which encodes the 
regulatory subunit type 1α of protein kinase A. Inactivating 
defects of PRKAR1A lead to aberrant cyclic-AMP-protein kinase 
A signaling. Patients may develop multiple skin abnormalities 
and a variety of endocrine and non-endocrine tumors. Endo-
crine manifestations include primary pigmented nodular 
adrenocortical disease, that may cause Cushing syndrome, 
growth-hormone secreting pituitary adenoma or pituitary  
somatotropic hyperplasia which can result in acromegaly, as 
well as gonadal and thyroid tumors. Non-endocrine tumors 
associated with Carney complex include myxomas of the heart, 
breast, and other sites, psamommatous melanotic schwanno-
mas, breast ductal adenomas, osteochondromyxomas, and a 
predisposition to a number of malignancies from adrenal to 
pancreatic and liver cancer.
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than 70 % of patients with familial CNC, with almost 100 % pene-
trance [2–4]. This gene encodes the regulatory subunit type 1α 
(R1α) of protein kinase A (PKA). In most of the remaining cases  
of CNC, genetic linkage analysis of tumors has revealed a second 
affected locus on chromosome 2p16 (CNC2 locus) [5, 6]. Never-
theless, the responsible gene at this locus has not yet been identi-
fied. Lastly, PRKACB gene locus copy number gains on chromosome 
1 were found in a single patient with CNC that presented with ab-
normal skin pigmentation, myxomas, and acromegaly [7].

The “complex of myxomas, spotty pigmentation, and endocrine 
overactivity” was first described by Dr. J. Aidan Carney in 1985, and 
designated as CNC in 1986 [8, 9]. Most patients who had been  
diagnosed with LAMB (lentigines, atrial myxoma, mucocutaneous 
myxoma, blue nevi) or NAME (nevi, atrial myxoma, myxoid neuro-
fibroma, ephelide) are now more appropriately classified as CNC 
[10, 11]. More than 750 cases of CNC have been reported by the 
National Institutes of Health (NIH) – Mayo Clinic (United States), 
Cornell (United States), and the Cochin Hospital (France), includ-
ing patients of different races and from all continents [12]. In the 
largest cohort of patients that has been genotyped (353 patients), 
63 % of patients were females and 37 % were males [3].

Genetics and Molecular Pathogenesis
CNC is a clinically and molecularly heterogeneous disorder. As men-
tioned previously, genetic linkage analysis has revealed 2 distinct 
loci for CNC, the CNC1 locus on chromosome 17q22–24 which har-
bors the PRKAR1A gene that encodes the R1α subunit of PKA, and 
the CNC2 locus on chromosome 2p16 [2, 3, 6]. PKA is a ubiquitous 
cyclic AMP (cAMP)-dependent serine-threonine kinase, that is in-
volved in the regulation of a wide range of cellular processes includ-
ing transcription, metabolism, cell cycle progression, and apopto-
sis. PKA is a heterotetramer comprised of 2 regulatory and 2 cata-
lytic subunits. Four isoforms exist for both the regulatory subunits 
(R1α, R1β, R2α, and R2β) and catalytic subunits (Cα, Cβ, Cγ, and 
PRKX) of PKA, with each isoform having individual localization and 
specificity [13]. The PKA signaling system includes targeting pro-
teins that localize PKA to specific sites in the cell, in close proximity 
to specific substrates. The ultimate result of PKA signaling is deter-
mined by the cell type specific expression of the different PKA reg-
ulatory and catalytic isoforms and/or splice variants, the different 
PKA substrates, and the subcellular localization of PKA. The cAMP-
PKA pathway is activated by the binding of a ligand to a G-protein 
coupled receptor (GPCR). This leads to activation of adenylyl cy-
clase and synthesis of cAMP which activates PKA. Once cAMP binds 
to the regulatory subunits of PKA, the catalytic subunits dissociate 
from the regulatory subunits and are then able to phosphorylate 
downstream cytoplasmic and nuclear targets (▶Fig. 1). CNC was 
the first disorder associated with mutations in the PKA enzyme. In-
activating mutations of PRKAR1A lead to constitutive activation of 
the cAMP-PKA pathway through loss of regulation of the catalytic 
subunits of PKA. The effect of increased PKA activity on mitosis and 
cell proliferation varies according to cell type. The binding of ligands 
such as FSH, ACTH, TSH, GHRH, and MSH to their respective GPCRs, 
on the cell membranes of Sertoli cells, adrenocortical cells, thyro-
cytes, somatotrophs, and melanocytes, respectively, leads to a mi-

togenic response, which correlates with the increased cell prolifer-
ation observed in these specific cell types in CNC [14].

More than 140 PRKAR1A molecular defects have been reported 
in patients with CNC (http://prkar1a.nichd.nih.gov/hmdb/intro.
html). These defects include single base substitutions and small 
(≤ 15 bp) deletions, insertions, or combined rearrangements as well 
as several relatively large deletions [3, 15, 16]. Only 3 pathogenic 
PRKAR1A variants have been identified in more than three unrelat-
ed pedigrees pointing to “hot spots” for PRKAR1A sequence chang-
es: c.82 C > T, c.491_492delTG, and c.709–2_709–7 delATTTTT 
[1, 17]. Approximately 80 % of pathogenic PRKAR1A variants are 
subject to mRNA nonsense-mediated decay (NMD) of the mutant 
sequence, leading to predicted absence of mutant protein prod-
ucts in affected cells. This results in PRKAR1A haploinsufficiency. 
The remaining 20 % of mutations escape NMD, and can potentially 
lead to the expression of an alternative protein [3, 18]. Patients with 
this type of mutation have been noted to have a more aggressive 
form of the disease with a higher total number of CNC manifesta-
tions. Some PRKAR1A mutations do not lead to NMD but lead to an 
elongated protein that is subject to proteosomal degradation result-
ing again in PRKAR1A haploinsufficiency [19]. Initial data supported 
that PRKAR1A functions as a “classic” tumor-suppressor gene, with 
tumors from CNC patients exhibiting germline mutations and sub-
sequent loss of heterozygosity (LOH) at the PRKAR1A locus. Howev-
er, more recent data has demonstrated that haploinsufficiency of 
PRKAR1A may be sufficient for increased PKA activity and develop-
ment of certain tumors, such as eyelid myxomas [20, 21].

Certain genotype-phenotype correlations have been noted in 
patients with CNC. Patients with a PRKAR1A mutation are more like-
ly to have pigmented skin lesions, myxomas, PMS, and thyroid and 
gonadal tumors, with cardiac myxomas, thyroid tumors, and large 
cell calcifying Sertoli cell tumors (LCCSCT) presenting at a younger 
age than non- PRKAR1A mutation carriers [3]. Patients harboring 
mutations located in exons develop acromegaly, myxomas, lentig-
ines, and PMS more frequently. The c.491–492delTG mutation is 
more often associated with lentigines, cardiac myxomas, and thy-
roid tumors when compared to all other PRKAR1A defects.

Diagnosis and Clinical Characteristics
Manifestations of CNC develop over years, with peak penetrance 
in young adulthood. In a cohort of 235 patients the median age at 
diagnosis was 20 years. The diagnosis of CNC was made at birth in 
5 patients showing that presentation as early as in neonates is pos-
sible [1]. Abnormal skin pigmentation may be present at birth, 
though lentigines do not reach their characteristic distribution, 
number, or intensity until the peripubertal period. Lentigines tend 
to fade after the fourth decade, though some may persist even in 
the eighth decade. Depigmented lesions and other pigmented le-
sions such as blue nevi or café-au-lait spots, may also be present at 
birth but most typically develop in early childhood. The most com-
mon tumors in infancy are cardiac and cutaneous myxomas; PPNAD 
tends to appear after the age of 5 years, whereas LCCSCT and thyroid 
nodules form around the time of puberty. Cardiac myxomas are 
distributed evenly among the different ages. PPNAD can manifest 
as early as the first 5 years of life, but more frequently presents in 
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the second and third decades of life. Acromegaly is seen in the third 
and fourth decades of life, and gigantism is rare. The average life ex-
pectancy for individuals with CNC is 50 years [22]. However, this cal-
culation is skewed due to early death in some patients, while most 
patients with CNC have a normal lifespan, especially if they are in-
volved in active surveillance. The most common causes of death in 
patients with CNC include complications of cardiac myxomas (myxo-
ma emboli, cardiomyopathy, cardiac arrhythmia, and surgical inter-
vention), metastatic or intracranial PMS, thyroid carcinoma, and met-
astatic pancreatic and testicular tumors [1].

The diagnosis of CNC requires the presence of 2 major manifes-
tations or criteria, verified by histological evaluation, biochemical 
testing, or imaging (▶table 1). A patient may also meet the diag-
nostic criteria for CNC when one major manifestation or criterion 
is present and they have either an inactivating mutation of the 
PRKAR1A gene or an affected first degree relative [1]. Molecular 
testing for PRKAR1A mutations is not currently recommended for 
all patients with CNC but may be used to detect affected family 

members in families with known mutations to avoid unnecessary 
medical surveillance of non-carriers.

Endocrine Manifestations

Adrenocortical	tumors
PPNAD is the most common endocrine manifestation in CNC, and 
is detected in 25–60 % of patients [1, 12]. In about half of the  
patients with CNC, PPNAD causes ACTH-independent Cushing syn-
drome (CS). CS in these patients can be overt, cyclical, atypical, or 
subclinical. PPNAD is characterized by normal-sized or enlarged 
adrenal glands with bilateral adrenocortical nodules that are pig-
mented, less than 1 centimeter in diameter, and surrounded by 
atrophic adrenocortical tissue [23]. Evidence of PPNAD has been 
found on histologic examination in almost all patients with CNC 
that underwent autopsy. PPNAD is the only manifestation of CNC 
with a gender predilection, occurring more commonly and earlier 

1

2

3

GPCR

Ligand

Inactive PKA

AC

Active PKA

Cytosol

Transcription

Nucleus

R

C C

C C

R

R R

G
G GTP

ATP

cAMP

Plasma MembraneG
G

Gß
Gß

GDP

▶Fig. 1 The protein kinase A pathway: 1) Ligand binds to G-protein coupled receptor (GPCR) on the plasma membrane. This catalyzes exchange of 
GTP for GDP on the α subunit of the associated heterotrimeric G protein, with dissociation of the α subunit from the βγ dimer; 2) The α subunit binds 
to adenylyl cyclase (AC) and activates its enzymatic activity. Activated AC produces cyclic AMP (cAMP) from ATP; 3) cAMP binds to the regulatory 
subunits (R) of protein kinase A (PKA) which allows for release of the catalytic subunits (C) of PKA, that then mediate serine-threonine phosphoryla-
tion of target molecules, including the transcription factor CREB (cAMP response element-binding protein).
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in women, with 71 % of patients being female, with a median age 
at diagnosis of 30 years, compared to 46 years in men [3]. This  
gender difference is evident after puberty. More than 80 % of pa-
tients with CNC and PPNAD have germline inactivating mutations 
in PRKAR1A [2–4]. Other genetic modifying factors may play a role 
in the development of PPNAD in patients with CNC, most notably 
defects in the gene that encodes phosphodiesterase 11 A (PDE11A) 
which also plays a role in the PKA pathway. In a series of 150 patients 
with CNC and PRKAR1A mutations, those with PPNAD and/or  
LCCSCT were more frequently carriers of PDE11A variants [24]. 
PPNAD has also been described as an isolated manifestation.  
However, patients with isolated PPNAD diagnosed younger than  
8 years of age are rarely PRKAR1A mutation carriers.

Urinary free cortisol, diurnal cortisol, or the overnight 1 milli-
gram dexamethasone test can be used to detect hypercortisolemia 
in patients with CNC. Cortisol hypersecretion in patients with 
PPNAD, even those with cyclical, atypical, or subclinical disease, 
may be detected by a dexamethasone-stimulation test or 6-day 
modified Liddle test. During this test patients with PPNAD will show 
a paradoxical increase of more than 50 % in 24-hour urinary free 
cortisol on the second day of high-dose dexamethasone adminis-
tration [25]. This response to dexamethasone is attributed to the 
paradoxical stimulation of cortisol release in PPNAD tissue by dex-
amethasone, that is induced by increased glucocorticoid receptor 
expression and glucocorticoid receptor-mediated effects on the PKA 
catalytic subunits [26, 27]. In patients with PPNAD, imaging with 
computed tomography (CT) of the adrenal glands may reveal sub-
tle adrenal contour abnormality and bilateral micronodules, which 

are small, round, well delineated, and hypo dense, and are best seen 
when the CT slices are 3 millimeters or less in thickness (can be 
missed if the CT slice thickness is 5 milli meters or more) [28].

Bilateral adrenalectomy is the most common treatment for  
patients with PPNAD and CS. Rarely medical treatment with keto-
conazole or mitotane has been used [29]. In a recent retrospective 
study of 15 patients with CNC and classic CS who underwent sur-
gical treatment, cure was achieved with bilateral adrenalectomy 
(12 patients), subtotal adrenalectomy (2 patients), and partial uni-
lateral adrenalectomy (1 patient), whereas CS regressed sponta-
neously in 1 patient and persisted untreated for almost 3 decades 
in another [30]. These data highlight the possible need for  
reconsideration of less than total bilateral adrenalectomy in  
patients with CNC and CS.

Only 2 cases of adrenocortical carcinoma in CNC patients with 
PPNAD and PRKAR1A mutations have been described in the litera-
ture [31]. These cases were characterized by co-secretion of andro-
gens and cortisol and aggressive disease which metastasized rap-
idly or recurred locally. Somatic mutations in PRKAR1A have also 
been described in cortisol-producing adrenal tumors including 
adrenocortical adenomas and carcinomas [32].

Pituitary	manifestations
Up to 12 % of patients with CNC develop acromegaly, whereas  
approximately 75 % may have asymptomatic elevation of GH and 
IGF-I, abnormal oral glucose tolerance test, and/or paradoxical  
response to TRH stimulation, without evidence of a pituitary ade-
noma on imaging [1, 33–35]. When present, pituitary adenomas 
may be single or multifocal. Histology may demonstrate somato-
mammotroph hyperplasia that often surrounds adenomas, and 
may potentially precede the development of GH and/or prolactin-
producing adenomas. Patients can have concurrent GH and prol-
actin secretion with up to 64 % of patients with CNC demonstrat-
ing hyperprolactinemia [36]. Prolactinomas, however, are rare [37]. 
In addition to growth hormone, tissue from GH-producing pitui-
tary adenomas commonly stains for prolactin, as well as for other 
hormones such as the glycoprotein subunit-α, TSH-β, LH-β, and 
occasionally for FSH-β. Recently, 2 cases of corticotropinomas have 
been described in patients with CNC and PRKAR1A mutations, with 
PRKAR1A LOH demonstrated in molecular analysis of the tumor 
 tissue [38, 39]. Furthermore, a case of a pituitary adenoma with 
hypersecretion of both GH and TSH and positive staining for TSH 
on pathology, was described in a patient with presumed CNC in 
Japan [40].

In patients with acromegaly due to a GH-secreting pituitary  
adenoma, selective adenomectomy is the preferred treatment 
[41]. Patients with multiple GH-secreting adenomas with associ-
ated hyperplasia may require partial or complete hypophysectomy 
to achieve biochemical remission. Medical treatment with a soma-
tostatin analogue or GH antagonist may be considered in patients 
with GH excess without a discrete pituitary adenoma.

Thyroid	tumors
Thyroid lesions occur more commonly in CNC than in the general 
population and can range from follicular hyperplasia and/or cystic 
changes to carcinoma [41]. Greater than 60 % of children and adults 
with CNC have cystic or multinodular disease on thyroid ultrasound, 

▶table 1 Diagnostic criteria for Carney complex* 

Main Criteria

Spotty skin pigmentation with a typical distribution (lips, conjunctiva 
and inner or outer canthi, vaginal and penile mucosa)

Myxoma (cutaneous and mucosal)** 

Cardiac myxoma** 

Breast myxomatosis**  or fat-suppressed magnetic resonance imaging 
findings suggestive of this diagnosis

PPNAD**  or paradoxical positive response of urinary glucocorticoster-
oids to dexamethasone administration during 6-day modified Liddle test

Acromegaly due to GH-producing adenoma** 

LCCSCT**  or characteristic calcification on testicular ultrasonography

Thyroid carcinoma**  or multiple, hypoechoic nodules on thyroid 
ultrasonography

Psammomatous melanotic schwannoma** 

Blue nevus, epithelioid blue nevus (multiple)** 

Breast ductal adenoma (multiple)

Osteochondromyxoma of bone** 

Supplemental criteria

Affected 1st-degree relative

Inactivating mutation of the PRKAR1A gene

*To make a diagnosis of Carney complex, a patient must either: 1) 
exhibit 2 of the manifestations of the disease listed above, or 2) exhibit 
one of these manifestations and meet one of the supplemental criteria 
(an affected first-degree relative or an inactivating mutation of the 
PRKAR1A gene); **with histologic confirmation
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with follicular adenoma being the most common finding on biopsy. 
In a cohort of 353 patients, thyroid tumors were detected in  
25 % of patients, with thyroid cancer (follicular and/or papillary car-
cinoma) detected in 2.5 % of patients [42]. In a recent review of  
26 patients with CNC and thyroid disorders, 15 % of patients had 
hyperthyroidism (caused by presumed diffuse follicular hyperplasia 
in 2 patients with Graves disease, and toxic adenoma in the other 2), 
61 % had benign lesions (follicular hyperplasia, nodular hyperplasia, 
or follicular adenoma), and 38 % had carcinomas (7 patients with fol-
licular carcinoma and 3 patients with papillary carcinoma) [43]. 
One patient with multinodular goiter was found to have a follicular 
adenoma and a possibly unique type of microscopic multifocal  
follicular hyperplasia. Most patients were middle-aged women pre-
senting with an asymptomatic thyroid mass. In this series, follicu-
lar carcinoma was more frequent than papillary carcinoma, and  
exhibited atypical features, with multifocal and bilateral disease, 
as well as lymph node metastases. The carcinoma was fatal in 75 % 
of cases (3 of 4 patients) where the tumor was  ≥ 3 centimeters in 
diameter. Abnormalities in PRKAR1A were detected in 7 out of 10 
patients tested from this cohort.

PRKAR1A LOH at the CNC1 locus has also been described in spo-
radic thyroid cancer, supporting the hypothesis that PRKAR1A loss 
of function can lead to tumorigenesis in thyroid tissue [44]. Patients 
with CNC should receive long-term clinical and/or sonographic sur-
veillance with biopsy of suspicious nodules, with the goal of early 
detection and surgical treatment of thyroid carcinomas.

Testicular	lesions
LCCSCTs are sex-cord stromal tumors that may be present in at least 
41 % of males with CNC [3]. In contrast to sporadic LCCSCT, LCCSCTs 
in CNC tend to be multicentric and bilateral. These tumors contain 
microcalcifications and can be detected on ultrasound where they 
have the unique appearance of multiple homogeneous echogenic 
masses with a smooth contour and acoustic shadowing, that lack 
an associated soft tissue component [1]. LCCSCTs are commonly 
asymptomatic but occasionally may be functional and can lead  
to gynecomastia in prepubertal and peripubertal boys through  
increased P-450 aromatase expression. This may result in premature 
epiphyseal fusion and induction of central precocious puberty. In 
addition, these tumors progress gradually with age and replace 
normal testicular tissue, which may cause replacement and ob-
struction of the seminiferous tubules and reduced fertility.

Men with CNC may have morphologically abnormal sperm and 
reduced sperm counts [45]. LCCSCT is almost always benign, 
though metastasis of the tumor has been reported in a 62-year-old 
patient [1].

Other testicular tumors that may occur in CNC patients, include 
Leydig cell and adrenocortical rest tumors, which occur concur-
rently with LCCSCT. Adrenocortical rest tumors can lead to recur-
rent CS after adrenalectomy in patients with PPNAD.

Ovarian	lesions
Ovarian lesions are frequent in women with CNC. Though the exact 
prevalence is unclear, in several series these lesions have been  
reported in 14–66 % of affected women [3, 46]. The CNC2 locus 

was found to be involved in ovarian pathology with apparent copy 
number gain.

Ovarian cysts and tumors of the ovarian surface epithelium  
(serous cystadenomas and cystic teratomas) are most common, 
whereas ovarian carcinoma, such as mucinous adenocarcinoma or 
endometrioid carcinoma, is rare. Initial evaluation of women with 
CNC may include ultrasound of the ovaries, and any identified  
lesion requires follow-up.

Cutaneous Manifestations
Cutaneous lesions are the earliest and most common manifesta-
tion of CNC and include 3 of the major diagnostic criteria – lentig-
ines, cutaneous and mucosal myxomas, and blue nevi and epithe-
lioid blue nevi (EBN) [1]. Café-au-lait spots, irregular depigmented 
areas, multiple compound nevi, and Spitz nevi have also been re-
ported in patients with CNC but are rarely isolated manifestations 
[1, 3, 47–50]. Lentigines occur in 70 to 80 % of patients with CNC, 
and are hamartomatous melanocytic lesions that are small, flat, 
poorly circumscribed, and brown or black in color. They can occur 
in areas not exposed to sunlight, and are typically distributed on the 
face, vermilion border, genital area, and mucosa (▶Fig. 2a–c). They 
can affect the eyes with palpebral lesions as well as lesions of the 
caruncle or conjunctival semilunar fold (▶Fig. 2c). Blue nevi can 
be observed in approximately 40 % of patients and are character-
ized as small, circular or star-shaped, and blue to black in color, with 
variable distribution. EBNs comprise a subtype of blue nevi that can 
be commonly seen in CNC but is rare in the general population 
[51, 52]. These lesions are characterized by intense pigmentation 
and poorly circumscribed proliferative regions with associated  
dermal fibrosis. Cutaneous myxomas, are reported in 30–55 % of 
patients and typically appear before adulthood but can recur in 
older patients. They most commonly affect the eyelids, ears,  
nipples, external auditory canals, trunk, and perineum (▶Fig. 2d, e) 
[20, 53, 54]. Approximately 80 % of patients with cardiac myxomas 
exhibit cutaneous myxomas earlier in life. Other areas that may  
develop myxomas include the breasts (often bilateral), the oro-
pharynx (tongue, hard palate, pharynx), the female genital tract 
(uterus, cervix, vagina), and the female pelvis [1]. Angiomyxoid 
nodules are rare [55].

Cardiac Myxomas
Cardiac myxomas are the most common non-cutaneous manifes-
tation in CNC, developing in 20–40 % of patients, with median age 
at diagnosis of 20 years [12, 28]. In CNC, these tumors occur in both 
sexes without predilection, can affect any chamber of the heart, 
and have a more aggressive course with multifocality, rapid growth, 
and multiple recurrences [1]. In contrast, sporadic cardiac myxo-
mas develop almost exclusively in the left atrium, are more com-
mon in older women, and do not tend to recur. Up to 10 % of car-
diac myxomas occur in the setting of CNC [56]. Somatic PRKAR1A 
mutations have also been detected during molecular analysis of 
cardiac tissue from sporadic cardiac myxomas [57]. Patients may 
present with symptoms due embolic phenomena or intracardiac 
obstruction of blood flow which may lead to sudden death. Cardi-
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ac myxomas are responsible for more than 50 % of mortality in CNC 
[1]. Early detection with regular screening echocardiography, or 
cardiac CT or MRI in puzzling cases, is essential. Cardiac myxomas 
should be removed surgically [58]. The development of cardiac 
myxomas in CNC may be associated with increased GH secretion, 
and treatment of GH excess in patients with CNC may reduce the 
likelihood of cardiac myxoma recurrence [59].

Breast Lesions
Manifestations of CNC in the breast include breast myxomas, which 
occur in 20 % of women after puberty and are often bilateral, myx-
omas of the nipple, that occur in both sexes at any age, ductal ad-
enomas, and myxoid fibroadenomas [1, 3, 12].

Osteochondromyxoma
Osteochondromyxoma is a rare myxomatous tumor of the bone 
that affects 1 % of patients with CNC [60]. These tumors often ap-
pear before the age of 2 years and have been noted to occur in long 
bones (diaphyseal) and small flat bones (nasal). Osteochondromyx-
omas are considered benign tumors, but can be both locally inva-
sive and recur. Complete excision of these tumors may be curative.

Schwannomas
Psamommatous melanotic schwannoma (PMS) is a rare tumor of 
the nerve sheath that has been reported in 8–10 % of patients with 
CNC, with median age at presentation of 32 years [3, 33]. Other 
than the neurofibromatosis syndromes and isolated familial 
schwannomatosis, CNC is the only hereditary condition that  

a

d e

b c

▶Fig. 2 Clinical manifestations of Carney complex: a and b Lentigines on the face, earlobe, neck, and genitals of a patient with Carney complex;  
c Typical inner canthal pigmentation (arrow); pigmented macules in the inner or outer canthus are present in 1/3 of patients with the complex and 
the only other disease that one sees that at is Peutz-Jeghers syndrome; d Typical histology of a myxoma from a patient with Carney complex; the 
lesion is not hypercellular; rather, few fibroblast-like cells are surrounded by copious myxoid, glycoprotein-based material that is gelatin-like macro-
scopically (hematoxylin and eosin staining, x20 magnification); e Earlobe myxoma complicated by a superficial, bacterial skin infection in a toddler 
with Carney complex.
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manifests with schwannomas. Schwannomas that occur in CNC are 
distinguished by their heavy pigmentation (melanin), frequent  
calcification, and multicentricity [61]. These tumors may be located 
anywhere in the central or peripheral nervous system, with the most 
frequent sites affected being the gastrointestinal tract (esophagus, 
stomach, liver, and rectum), the paraspinal sympathetic chain,  
as well as the chest wall [28, 61, 62]. Patients may present with 
symptoms of pain and radiculopathy. Ten percent of these tumors 
are malignant, with frequent metastasis to the lung, liver, and/or 
brain [33, 63]. Symptomatic patients should undergo MRI of the 
brain, spine, chest, abdomen, pelvis, and/or retroperitoneum. PMS 
are the most difficult tumors to treat as their location in or around 
nerve roots along the spine can make them frequently inoperable 
and there is practically no effective medical or surgical treatment 
for metastatic PMS.

Other Lesions and Predisposition to 
Malignancies
Up to 2.5 % of patients with CNC develop pancreatic neoplasms, 
which can be a significant cause of mortality and include acinar cell 
carcinoma, adenocarcinoma, and intraductal pancreatic mucinous 
neoplasm [1]. Other lesions that have been described in CNC  
include parotid mixed tumor, bronchogenic cyst, hepatocellular 
adenoma and carcinoma, colonic, gastric carcinomas, and retrop-
eritoneal fibrous histiocytomas, as well as most recently fibrolamel-
lar carcinomas of the liver and hepatic and renal cysts [1, 3, 64–66].

Surveillance
Clinical surveillance, in patients with CNC, for the early detection 
of manifestations of the syndrome differs according to age group, 
since most endocrine tumors do not become clinically significant 
until the second decade of life. Pre-pubertal pediatric patients 
should undergo evaluation with echocardiogram annually (bian-
nually for patients with prior history of excised cardiac myxoma) 
beginning at 6 months of age [67]. Boys should undergo testicular 
ultrasonography. Close monitoring of the growth rate and annual 
pubertal staging is recommended as abnormalities may be indicative 
of hormone excess. Post-pubertal pediatric and adult patients should 
have annual echocardiogram (biannual for adolescent patients with 
a history of excised cardiac myxoma), testicular and thyroid ultra-
sound, and measurement of urinary free cortisol, and serum IGF-1 
[67]. Women with CNC should undergo transabdominal pelvic  
ultrasound during initial evaluation which does not need to be  
repeated unless an abnormality is detected.
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