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Abstract
We report a rare case of Cushing’s syndrome in a 59-year-old man who initially presented with concurrent acinic cell car-
cinoma of the parotid with high-grade transformation and co-existing papillary and medullary thyroid carcinomas, without 
noticeable cushinoid symptoms. Six-months later, he developed clinical features of Cushing’s syndrome which coincided 
with disease progression in the form of lung metastasis and mediastinal lymphadenopathy. Ectopic adrenocorticotropic 
hormone (ACTH) production and protein expression was limited to the high-grade transformed component of acinic cell 
carcinoma and in the lymph node metastasis, and was absent in the conventional acinic cell carcinoma as well as in the 
papillary and medullary thyroid carcinoma. He received adjuvant chemotherapy and supportive management with interval 
improvement for 8 months followed by disease progression with increasing serum cortisol levels and bone metastasis. He 
was offered palliative chemotherapy, however, declined further therapy and was lost to follow up. We discussed clinical and 
pathologic implications of ectopic ACTH production associated with acinic carcinoma and also reviewed the literature of 
this rare paraneoplastic syndrome.

Keywords  Salivary gland · Parotid · Acinic cell carcinoma · Ectopic ACTH · Cushing syndrome · High-grade 
transformation

Introduction

Cushing’s syndrome due to production and secretion of 
ectopic adrenocorticotropic hormone (ACTH) by non-pitu-
itary solid malignant tumors is uncommon, accounting for 
5–18% of ACTH-dependent Cushing’s syndrome in adults 
[1–3]. In patients with paraneoplastic Cushing’s syndrome, 
majority of cases are due to small cell carcinoma of the lung 
and bronchial carcinoids, while thymic carcinoids, pancre-
atic neuroendocrine tumor, pheochromocytoma and medul-
lary thyroid carcinoma are responsible for remaining cases 
[2–8]. In rare instances, malignant salivary gland tumors 
such as acinic cell carcinoma and adenoid cystic carcinoma 
have been associated with ectopic ACTH production [9–17]. 
The pathogenesis of this condition has been attributed to 
the activation of the ACTH regulating proopiomelanocortin 
(POMC) gene in tumor cells [1]. The clinical manifesta-
tions of ectopic ACTH syndrome is related to the meta-
bolic and electrolyte imbalances caused by the excessive 
production of cortisol beyond the neutralizing ability of 
the 11β-hydroxysteroid dehydrogenase enzyme in the renal 
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tubules to convert cortisol to inactive cortisone [1, 18–20]. 
Patients with ectopic ACTH syndrome generally have early 
subtle clinical manifestations such as abdominal obesity, 
hypertension, psychiatric (depression, lethargy), orthope-
dic (osteoporosis), reproductive (menstrual dysregulation) 
and nonspecific systemic signs and symptoms that closely 
overlap with those of cancer-related morbidities, thereby 
precluding early detection. Unawareness and the nonspecific 
symptoms of paraneoplastic ACTH syndrome have invari-
ably contributed to delayed diagnosis and prevented early 
therapeutic intervention of this condition [2–4, 9–11, 14].

Similar to other malignant tumors with paraneoplastic 
ACTH secretion, Cushing’s syndrome caused by ectopic 
ACTH production in patients with salivary gland carci-
noma have been detected late during the course of progres-
sive disease with fatal outcome [9–17]. The occurrence of 
this condition is rare. Only nine cases have been reported 
in the English literature, including acinic cell carcinoma 
(five cases), adenoid cystic carcinoma (three cases) and 
poorly differentiated adenocarcinoma (one case). All of 
these cases followed an aggressive clinical course includ-
ing metastasis and/or high-grade transformation [9–17]. 
The restricted occurrence of this condition to certain tumor 
subtypes, exclusive of other more aggressive salivary gland 
malignant tumors, suggests that tumor context-dependent 
genetic factors or signaling might play a role in this clini-
cal setting. We contend that early recognition and screening 
for ACTH expression in certain malignant salivary gland 
tumors, especially the ones with high-grade transformation, 
may have clinical and therapeutic implications with timely 
intervention.

We here present an intriguing case of Cushing’s syn-
drome in a patient with acinic cell carcinoma of the parotid 
with high-grade transformation and coexisting papillary and 
medullary thyroid carcinomas, who later on developed fea-
tures of Cushing’s syndrome and tumor dissemination. We 
discuss the clinicopathologic manifestations and putative 
etiologic associations of the current case along with review 
of previously reported cases of acinic cell carcinoma associ-
ated with ectopic ACTH production (Table 1).

Case History

A 58-year-old non-smoker male presented at an outside 
institution in December 2014 with a right parotid mass that 
had reportedly grown from a pea-sized nodule to a size of 
a clementine over a period of 2 years. Positron emission 
tomography-computed tomography (PET-CT) from vertex 
of the head to thigh performed in December 2014 revealed 
a 4.3 cm 18F-fluorodeoxyglucose (FDG)-avid right parotid 
mass, as well as periparotid and right neck level II lymph 
nodes. Additionally, a 2.0 cm mass was noted in the thy-
roid isthmus with mild FDG uptake. No distant metastatic 

lesions were noted (cM0). Fine needle aspiration (FNA) was 
performed at the outside institution. The parotid mass was 
reported as poorly differentiated adenocarcinoma and the 
thyroid mass as suspicious for follicular neoplasm, respec-
tively. In January 2015, he underwent right total parotidec-
tomy with facial nerve preservation, right modified radical 
neck dissection, and right hemi-thyroidectomy. Pathology 
evaluation was reported as right parotid poorly-differentiated 
adenocarcinoma, 4.5 cm in greatest dimension with extra-
parenchymal soft tissue extension, no perineural invasion, 
resection margins negative for tumor, and with lymph node 
metastasis in four out of forty-two lymph nodes (two peri-
parotid and two right neck level II) (pT3, pN2b, AJCC 7th 
edn). The thyroid mass was diagnosed as adenomatoid nod-
ule. Thereafter, he received 6 weeks of adjuvant radiother-
apy, 35 fractions to the parotid tumor bed and right neck, in 
February–March 2015.

Six months following surgery, the patient presented with 
peripheral edema, abnormal weight gain (approximately 
40 lb in 6 months), hypokalemia (serum K 3.1 mEq/L), 
hypertension (BP 187/112), muscle weakness and puffi-
ness/fat deposits in the face and upper back, suggestive of 
Cushing’s syndrome, which was confirmed by increased 
morning serum cortisol (95.2 µg/dL; range 6.2–19.4) and 
serum ACTH (263 pg/mL; range 0–46) levels, suggest-
ing an ectopic etiology. He was treated with furosemide, 
clonidine, KCl and ketoconazole. Re-staging PET-CT per-
formed in July 2015 excluded pituitary adenoma, however, 
revealed multiple FDG-avid hypermetabolic supraclavicu-
lar (2.2 cm, max SUV 16.0), subcarinal (4.6 cm, max SUV 
15.6), precarinal (1.7 cm, max SUV 14.4), mediastinal, and 
hilar lymph nodes as well as few scattered small bilateral 
lung nodules (3.0 to 5.0 mm, largest nodule was hypermeta-
bolic). No FDG activity was noted in the head and neck 
tumor bed area or in the remaining thyroid. An endobron-
chial ultrasound-guided fine needle aspiration (EBUS-FNA) 
of the mediastinal node was performed and reported as 
poorly differentiated carcinoma, positive for pan-cytoker-
atin and EMA; and negative for CK7, CK20, S100, TTF-
1, synaptophysin, melan A and p63, with cytomorphologic 
features similar to that of the parotid primary. He received 
first line systemic therapy with carboplatin and paclitaxel 
for 6 cycles until December 2015 with partial response. 
Two-months status-post therapy, an interval contrast CT 
scan of the chest, abdomen and pelvis showed improvement 
in subcarinal (3.7 cm, initially 4.6 cm), right precarinal 
(1.0 cm, initially 1.7 cm) and mediastinal lymph nodes with 
complete resolution of small bilateral pulmonary nodules. 
No other metastatic lesion was identified in the abdomen 
or pelvis. CT brain with and without contrast showed no 
metastasis. In March 2016, a repeat CT chest, abdomen and 
pelvis showed disease progression in the form of increased 
mediastinal and perihilar lymphadenopathy (paratracheal 
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nodes increased from 1.2 to 2.9 cm and 1.0 to 1.6 cm; sub-
carinal node increased from 3.7 to 4.4 cm) and new lytic 
bone lesions at T8 and L3 vertebrae, radiologically consist-
ent with metastatic disease. Clinically, his symptoms of 
Cushing’s syndrome became severe with more weight gain, 
ecchymosis, muscle weakness, progressive bilateral sym-
metrical peripheral edema and occasional low blood pres-
sure, with an increased morning serum cortisol 360.2 µg/
dL (range 6.2–19.4) levels. The patient was then referred 
to our institution to seek consultation regarding treatment 
options. Due to significant bone pain secondary to vertebral 
lytic bone lesions, the patient received a course of palliative 
chemo-radiotherapy and his Cushing’s syndrome was man-
aged with lisinopril, pravastatin, metformin, mifepristone, 
and ranitidine.

Pathologic Findings

In May 2016, per request by the clinical team, review of 
his pathology material was performed at our institution. 
Histologic sections of the right parotidectomy showed that 
majority of the tumor (90–95%) was composed of infiltrating 
poorly differentiated carcinoma with diffuse non-descript 
solid/nested and glandular patterns with desmoplasia and 
areas of necrosis (Fig. 1a, b). The tumor cell in these areas 
showed nuclear pleomorphism with high nuclear to cyto-
plasmic ratio, vesicular nuclei with prominent nucleoli, fre-
quent mitosis and apoptosis with scattered areas of necrosis 
(Fig. 1c, e). Lymphovascular invasion was identified; how-
ever, no perineural invasion was noted. Focally, a low-grade 
conventional/differentiated acinic cell carcinoma component 
(approximately 5–10% of tumor) composed of polyhedral 
acinar/epithelial cells arranged in a microcystic and lobular 
nested pattern was noted (Fig. 1a, b). The neoplastic cells in 

these areas have relative low nuclear to cytoplasmic ratio; 
abundant basophilic granular cytoplasm admixed with scat-
tered vacuolated cells, and with no mitosis, apoptosis or 
necrosis (Fig. 1d, f). The resection margins were negative 
for tumor, albeit focally tumor was very close to inked resec-
tion edges (less than 0.5 mm). Four out of forty-two lymph 
nodes were positive for metastatic carcinoma (two peripa-
rotid and two right neck level II lymph nodes), comprised 
entirely of high-grade component with largest metastatic 
focus measured 3.0 cm in greatest dimension with extran-
odal extension (stage pN3b according to the current AJCC 
8th edn) (Fig. 2a). 

Histologic sections of the thyroid showed a 2.0 cm papil-
lary thyroid carcinoma, follicular variant (Fig. 2c, d) involv-
ing isthmus as well as multifocal (2×) medullary thyroid 
microcarcinomas (3.0 mm and 2.0 mm) in the background 
of C-cell hyperplasia (Fig. 2e, f) involving the right thy-
roid lobe. The foci of medullary thyroid microcarcinomas 
showed small infiltrating solid nests and single cells with 
fibrosis that were positive for calcitonin (Fig. 2g) and TTF-1 
immunostains (not shown). As the patient presented with 
features of Cushing’s syndrome, immunohistochemical 
stain for ACTH was performed on both parotid and thyroid 
malignant tumors which showed heterogeneous cytoplas-
mic expression in the high-grade transformed component 
of acinic cell carcinoma, both in the primary parotid tumor 
(Fig. 1g) and in lymph node metastasis (Fig. 2b); and was 
absent in the conventional/differentiated acinic cell carci-
noma component (Fig. 1h) as well as medullary (Fig. 2h) 
and papillary thyroid carcinoma (not shown).

Follow Up

Due to progressive metastatic disease, the patient was ineli-
gible for bilateral adrenalectomy and was advised to pursue 
palliative systemic therapy with doxorubicin and cyclophos-
phamide, and to follow up with his oncologist at his parent 
institution. However, patient declined further therapy was 
lost to follow up.

Discussion

Acinic cell carcinoma is a malignant salivary gland neo-
plasm characterized by proliferation of neoplastic cells 
with acinar differentiation showing abundant cytoplasmic 
zymogen secretory granules. In majority of cases (90–95%), 
parotid gland is the most commonly implicated site. Acinic 
cell carcinoma accounts for 1–7% of all tumors and 7–15% 
of malignant tumors originating in the major salivary glands 
[21–25]. It is considered a low-grade neoplasm as majority 
of the cases have an indolent course. However, minor pro-
portion of cases, almost exclusive to the parotid gland, can 

Fig. 1   A composite photomicrograph of histologic and ACTH immu-
nostain in acinic cell carcinoma with high-grade transformation. His-
tologic sections from two different areas show infiltrating poorly dif-
ferentiated carcinoma (high-grade transformation) in a non-descript 
nested/solid and glandular patterns with accompanying desmoplasia 
and fibrosis (left side of panel a, b) [hematoxylin and eosin stain 
(H&E), ×40]. Juxtaposed and focally admixed were residual focal 
areas of differentiated/conventional acinic cell carcinoma in micro-
cystic, solid and follicular patterns with scattered tumor-associated 
lymphoid infiltrate (right side of panel a, b). High-grade trans-
formed areas lack differentiation and show pleomorphic cells with 
high nuclear to cytoplasmic ratio, vesicular nuclei with coarse chro-
matin, distinct nucleoli and frequent mitotic figures (arrows). Scat-
tered areas of necrosis were also noted [panel c (H&E, ×100) and E 
(H&E, ×200)]. The neoplastic cells in the differentiated component 
composed of round to oval cells with abundant basophilic granular 
cytoplasm and indistinct cell borders with admixed vacuolated cells 
[panel d (H&E, ×100) and f (H&E, ×200)]. ACTH immunostaining 
shows heterogeneous cytoplasmic positivity in the high-grade trans-
formed component (panel g) and was absent in the differentiated 
component of acinic cell carcinoma (panel h)

◂
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undergo high-grade transformation (also described previ-
ously as “dedifferentiation”) and show aggressive behavior 
with regional and distant metastasis [21–25]. Compared to 
conventional acinic cell carcinoma, cases with high-grade 
transformation have been reported to have a shorter mean 
overall survival (40 months vs 125 months) [24, 26].

In this study, we report a rare interesting case of ectopic 
ACTH production associated with Cushing’s syndrome in a 
patient with concurrent parotid and thyroid gland carcino-
mas. Similar to previously reported instances, the diagnosis 
was belatedly made post-resection which coincided with 
progressive widely metastatic disease [9–17]. In contrast to 
previous reports of salivary gland tumors, our patient pre-
sented with multiple primary tumors including medullary 
and papillary thyroid carcinomas and parotid carcinoma 
leading to initial delay in identifying the source of ectopic 
ACTH production [7–17]. Initially, medullary thyroid carci-
noma was suspected to be the source of ACTH, but the lack 
of its expression led to the analysis of the parotid primary. 
Interestingly, cytoplasmic ACTH expression was exclusively 
limited to the high-grade transformed component of the pri-
mary acinic cell carcinoma and in metastatic lymph nodes. 
Similar findings have previously been reported in acinic cell 
carcinoma with high-grade transformation, thereby showing 
the propensity of ectopic ACTH activation with tumor pro-
gression [12, 13, 21]. However, ectopic ACTH expression 
has also been reported in differentiated acinic cell carcinoma 
and adenoid cystic carcinomas with progressive disease. 
Together these findings suggest the ectopic ACTH in both 
adenoid cystic and acinic cell carcinomas is associated with 
disease progression irrespective of cellular differentiation 
[9–15].

Recurrent genomic rearrangement of t(4;9)(q13;q31) as 
a genetic driver event has been recently described in acinic 
cell carcinoma [27]. This rearrangement causes constitu-
tive upregulation of oncogenic transcription factor nuclear 

receptor subfamily 4 member 3 (NR4A3) which is also 
known as NOR1 receptor. Nuclear expression by immu-
nohistochemical staining for NR4A3/NOR1 has been sug-
gested as a highly sensitive and specific novel marker for 
acinic cell carcinoma [27, 28]. Interestingly, it has previously 
been shown that NR4A3/NOR1 (one of the three members 
of NR4A superfamily of orphan nuclear receptors) expres-
sion has been described in adrenal cortex and pituitary gland 
[29]. According of this study, ACTH induces transcription 
activation and expression of NOR1 mRNA in mice cultures 
of adrenal gland fasiculata cells and is involved in regula-
tion of hypothalamic–pituitary–adrenal (HPA) axis [29]. 
The selective expression of NR4A3/NOR1 in acinic cell 
carcinoma and their previously demonstrated role in HPA 
axis regulation might play a role in development of Cushing 
syndrome in some of these patients.

The restricted occurrence of ectopic ACTH to acinic 
cell and adenoid cystic carcinoma phenotypes, exclusive of 
other aggressive salivary carcinomas is currently uncertain 
but empirically suggests tumor context specificity [9–17]. 
We, therefore, posit that ectopic ACTH may selectively be 
induced in certain biologically aggressive acinic cell and 
adenoid cystic carcinomas patients as a result of alterations 
of the POMC gene during progression. Transcript of the 
POMC, a highly conserved gene located on chromosome 
2p23 region, has been detected at low levels in multiple nor-
mal tissues but its expression in salivary glands is unknown. 
It is likely that activation of this gene during progression in 
a subset of acinic cell salivary carcinoma may underlie the 
aberrant ACTH expression and Cushing’s syndrome [21, 30, 
31]. Further studies of the genetic and epigenetic modifica-
tion, and/or changes disrupting the regulation of this gene 
may shed more light on the aberrant activation and specific-
ity of this gene in acinic cell carcinoma patients. Future ret-
rospective studies of ACTH expression in aggressive subset 
of these tumors may shed more light on the incidence of this 
feature in aggressive salivary carcinomas for early detection 
and intervention.

Our case and those previously reported cases under-
score the insidious nature and associated comorbidities that 
preclude early detection and timely management in these 
patients. Thus, high level of clinical suspicion and aware-
ness of the association of ectopic ACTH production in cer-
tain aggressive tumors and timely testing and interpretation 
of metabolic imbalances is necessary for early detection of 
ectopic ACTH secretion [14–17]. This contention is sup-
ported by evidence that early diagnosis leads to improved 
5-year overall survival of these patients [18, 20] and that 
early detection of the ectopic source of aberrant ACTH and 
treatment with adrenal enzyme inhibitors, and/or bilateral 
adrenalectomy can lead to improvement in patients outcome 
[18–20]. We, therefore recommend advance judicial use of 
immunohistochemistry for ACTH detection in selected cases 

Fig. 2   Panel a show right neck level II lymph node metastasis with 
extranodal extension (arrows) (H&E, ×40). High power magnifica-
tion shows metastatic carcinoma is composed of high-grade trans-
formed component of acinic cell carcinoma (inset) (H&E, ×200). 
Mirror image of panel a shows positive ACTH immunostaining of the 
tumor cells in the metastatic foci (panel b, ×40) (inset, higher mag-
nification, ×200). Panel c shows focus of infiltrating papillary thy-
roid carcinoma, follicular variant involving the isthmus (H&E, ×40). 
The neoplastic cells show enlarged round to elongated optically clear 
nuclei with overlapping, irregular nuclear contours and fine dispersed 
chromatin (panel d, H&E, ×100). Panels e, f shows focus of medul-
lary thyroid microcarcinoma in the background of C-cell hyperpla-
sia involving right thyroid lobe. Incidentally, rare admixed solid cell 
nests (arrows) were also noted (H&E, ×40 and ×200 respectively). 
Immunostains show the neoplastic cells in the focus of medullary 
thyroid microcarcinoma and background C-cell hyperplasia were pos-
itive for calcitonin (panel g) and negative for ACTH (panel h, inset, 
higher magnification, ×200). Foci of solid cell nests (arrows) were 
negative for calcitonin and ACTH

◂
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of aggressive adenoid cystic and acinic cell carcinomas 
patients in coordination with treating clinicians.

In conclusion, our case represents a unique example of 
ectopic ACTH secretion by acinic cell carcinoma with high-
grade transformation causing paraneoplastic Cushing’s syn-
drome. The selective propensities for ectopic ACTH produc-
tion to acinic cell and adenoid cystic carcinomas exclusive of 
other salivary carcinoma subtypes suggest that a tumorigenic 
event acquired during progression underlie the activation of 
a constitutionally silent gene in certain tumors.
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