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Abstract: Cushing’s disease (CD), also known as adrenocorticotropic hormone (ACTH)-
dependent pituitary Cushing’s syndrome, is a rare and serious chronic endocrine disease
that is usually caused by a pituitary adenoma (especially a pituitary microadenoma).
Meningioma is the most common type of primary intracranial tumor and is usually
benign. The patient in this case report presented with CD coexisting with pituitary
microadenoma and meningioma, which is an extremely rare comorbidity. The pathogen-
esis of CD associated with meningioma remains unclear. Here, we describe the case of
bilateral lower extremity edema, lower limb pain, abdominal purplish striae, and abdom-
inal distension for 9 months in a 47-year-old woman. Two years ago, the patient under-
went a hysterectomy at a local hospital for hysteromyoma. She had no previous
radiotherapeutic treatment or other medical history. Magnetic resonance imaging of her
head revealed a sellar lesion (7.8 mm X 6.4 mm) and a spherical mass (3.0 cm X 3.0 cm)
in the right frontal convexity. Her level of serum adrenocorticotropic hormone (ACTH)
was 169 pg/mL, and her cortisol levels were 933 nmol/mL and 778 nmol/mL at 8§ am and
4 pm, respectively. Preoperatively, she was diagnosed with ACTH-secreting pituitary
microadenoma and meningioma. Excision of the meningioma was performed through
a craniotomy, while an endoscopic endonasal transsphenoidal approach was used to
remove the pituitary adenoma. Meningioma and pituitary adenoma were confirmed by
postoperative pathology. On the basis of this unusual case, the relevant literature was
reviewed to illustrate the diagnosis and treatment of Cushing’s disease and to explore the
pathogenesis of pituitary adenoma associated with meningioma.
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Introduction

Cushing’s disease (CD) is a severe condition caused by an adrenocorticotropic
hormone (ACTH)-secreting pituitary tumor that accounts for approximately 70%
of all cases of endogenous Cushing’s syndrome. It has a total incidence of 1-2
cases per million per year and a prevalence rate of approximately 30 patients
per million per year, making it an uncommon disease. Meningiomas account for
15-25% of all intracranial tumors, with an annual incidence of 6 cases per
100,000 persons.2 CD combined with meningioma is a rare condition, and even
rarer in patients who have no previously known risk factors for either tumor. To
the best of our knowledge, its pathogenesis have not been clearly described to
date.
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Case Presentation
Clinical History and Laboratory Findings

A 47-year-old woman was admitted to the endocrinology
department of our hospital with chief complaints of bilat-
eral lower extremity edema, left lower limb pain, abdom-
inal purplish striae, and abdominal distension for 9
months. Two years ago, the patient had a hysterectomy
at a local hospital for hysteromyoma. She had no previous
radiotherapeutic treatment or other medical history. She
weighed 90 kg and was 165 cm tall with a body mass
index (BMI) of 33. Physical examination showed typical
features of Cushing’s syndrome, including centripetal obe-
sity, moon face, pedal edema, and buffalo hump. Her skin
was thin and dry, with acne and hirsutism. On admission,
her blood pressure was 146/115 mmHg and routine bio-
chemical blood tests confirmed comorbidity with diabetes
mellitus, hyperlipidemia, and hypokalemia.

Endocrine measurements showed that her serum
ACTH was 169 pg/mL (reference value: 5-50 pg/mL),
cortisol (8 am) was 933 nmol/L (reference value:
138-690 nmol/L), and cortisol (4 pm) was 778 nmol/L
(reference value: 69-345 nmol/L), indicating that her
ACTH and cortisol levels were dramatically increased.
Cortisol secretion was increased and had lost its circadian
rhythm.

The low-dose dexamethasone suppression test

showed that cortisol suppression was < 50%, while
a >50% suppression of cortisol was found in the high-
dose dexamethasone suppression test. Serum prolactin,
follicle-stimulating hormone, luteinizing hormone, testos-
terone, free thyroid hormone (FT3 and FT4), and thyro-
tropin values were normal. Endocrinological evaluation
suspected that pituitary lesions caused Cushing syndrome.

Imaging Analysis

The patient underwent a magnetic resonance imaging
(MRI) scan to image her head. T1-weighted MRI with
contrast enhancement showed a spherical enhancing mass
(3.0 cm x 3.0 cm) in the right frontal convexity and a dural
tail sign (Figure 1A). In the sellar area, the enhancement
degree of the lesion (7.8 mm x 6.4 mm) was significantly
lower than that of the surrounding pituitary tissue, and the
pituitary stalk was displaced to the right (Figure 1A and B).
No abnormalities were found on plain or enhanced adrenal
computed tomography scans.

Treatment and Pathological Examination
Physical examination, endocrine examination, and head
MRI successfully proved that pituitary microadenoma
caused Cushing’s syndrome (specifically CD) comorbid
with asymptomatic meningioma.

Figure | Enhanced magnetic resonance imaging (MRI) of the patient’s head: (A) Coronal view of the gadolinium-enhanced T |-weighted image showing a spherical enhancing
mass in the right frontal convexity and a dural tail sign. A round low-intensity lesion can be seen on the right side of the pituitary gland, and the pituitary stalk is displaced to
the right. (B) Sagittal T1-weighted sequence with contrast showing the degree of enhancement is lower than that of the pituitary in the sellar region.
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In order to receive surgical treatment, the patient was
referred from the endocrinology department to neurosur-
gery. She underwent neuroendoscopic transsphenoidal sur-
gery and the pituitary microadenoma was removed. The
sellar floor was reconstructed with artificial dura mater,
and after this reconstruction, no cerebrospinal fluid leak-
age was observed. The pathological specimen was exam-
ined and was determined to be consistent with a pituitary
microadenoma (Figure 2A). One month later, excision of
the meningioma was performed through a right frontal
trephine craniotomy. Histological examination revealed
a WHO grade I meningioma (Figure 2B).

Outcome and Follow Up

On the second day after the operation, her cortisol level
dropped below the normal range in the morning.
Hydrocortisone replacement therapy was started on the
same day. In addition, she had developed transient diabetes
insipidus, which was treated with desmopressin. Three
months postoperatively, after hydrocortisone replacement
therapy, the symptoms of Cushing’s disease were alle-
viated, and the cortisol level returned to normal, which
was 249nmol/L (reference value: 138~690nmol/L).

At the 1-year follow-up, no lesions were observed on
the MRI scan and the symptoms of Cushing’s syndrome
were in remission. The use of hydrocortisone supplements
were discontinued and hormone levels remained normal,
indicating recovery of the hypothalamic—pituitary—adrenal
(HPA) axis. The patient had lost 30 kg and her BMI had
dropped to 22, while her blood glucose, triglyceride level,
and blood pressure had all returned to normal. Physical

changes in the patient pre- and post-treatment are shown in
Figure 3A and B.

Discussion

Cushing’s Disease

CD is a serious clinical condition caused by a pituitary
adenoma secreting a high level of ACTH, leading to
hypercortisolism. The proportion of ACTH-secreting pitui-
tary adenomas (corresponding to CD) among hormone-
secreting pituitary adenomas is 4.8%—-10%, which affects
women three times more frequently than men, mainly
occurs in those 40-60 years old.** Exposure to excessive
cortisol can lead to various manifestations of Cushing’s
syndrome and increases in morbidity and mortality.’
Therefore, early diagnosis and treatment of CD are very
important.

The diagnosis and differential diagnosis of CD is very
complicated, and these have always been challenging pro-
blems in clinical endocrinology. Once Cushing’s syndrome
is diagnosed, its etiology should be determined. A diagnosis
of Cushing’s disease is made based on a biochemical exam-
ination confirming the pituitary origin of the condition and
exclude other sources (namely, ectopic ACTH secretion and
adrenocortical tumors).” High-dose dexamethasone sup-
pression and corticotropin-releasing-hormone stimulation
tests may be used to distinguish high-secretion sources of
pituitary and ectopic ACTH. More than 90% of the pituitary
adenomas that cause CD are microadenomas (<10 mm in
diameter), and 40% of the cases cannot be located by radi-
ological examination.” Examination with bilateral inferior
petrosal sinus sampling (BIPSS) is necessary for CD

Figure 2 (A) Histopathologic examination revealed a pituitary adenoma (Hematoxylin and eosin staining, 100x). (B) Histopathologic examination revealed a meningioma

(Hematoxylin and eosin staining, 100%).
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Figure 3 Abdominal appearance with striae (A) preoperation and (B) 4 months postoperation.

patients in whom noninvasive biochemical and imaging
examinations do not lead to a definitive diagnosis.®

The first-line treatment for CD is transsphenoidal selec-
tive tumor resection (TSS) with approximately 78% of the
patients in remission after the operation, and 13% of patients
relapse within 10 years after surgery. Therefore, there are
a considerable number of patients who have experienced
long-term surgical failure and require additional second-
line treatment, such as radiotherapy, bilateral adrenalectomy,
or medication.*

The pathogenesis of CD is unclear, but recent studies
have confirmed that there are somatic activation mutations
of multiple genes in adrenocorticotropin adenomas, while
ubiquitin specific peptidase 8 (USPS8) is the most common,
accounting for about 50% of the mutations in these
adenomas.’

Pituitary Adenoma Associated with
Meningioma
Radiotherapy used to treat pituitary tumors is a well-known
reason for the development of meningiomas. Gene muta-
tions are a common molecular characteristic of meningio-
mas, with inactivation of the neurofibromatosis type 2
(NF2) tumor suppressor gene found in 55% of meningio-
mas, and a further 25% of meningiomas accounted for by
recently described mutations in other genes.®
Simultaneous occurrence of pituitary adenoma and
meningioma without a history of radiotherapy is a rare
condition clinically, having only been described in 49
cases before 2019,° while ACTH-secreting pituitary adeno-
mas (CD) comorbid with meningioma have been reported

even less frequently. In the reported cases, the most com-
mon site of meningioma is parasellar, accounting for 44.9%,
while meningioma located in the distant part of the ade-
noma is rare.”'°

A number of clinicians have suggested that the coex-
istence of meningiomas and pituitary adenomas is inciden-
tal, with no relationship between the two diseases.>''

Genetic imbalances have been found in pituitary ade-
nomas, including in particular the chromosomal deletions
of 1p, 2q, 4, 5, 6, 11q, 12q, 13q, and 18q, and the over-
expression of 9q, 16p, 17p, 19, and 20q. Functional ade-
nomas have more such imbalances than nonfunctional
adenomas, corresponding in particular to deletions of chro-
mosomes 4 and 18q, and the overexpression of chromo-
somes 17 and 19.'> Meanwhile, estrogen receptor positive
de novo meningiomas significantly involve chromosomes
14 and 22."

The study by Hwang et al'* reported that the expres-
sion levels of heterogeneous nuclear ribonucleoprotein
(hnRNP) family proteins were significantly higher in
pituitary adenomas and meningiomas than that in normal
brain tissues. Leucine-rich repeat-containing G-protein
coupled receptor 5 (LGRS) and its downstream signaling
pathways play an pivotal role in pituitary tumor, menin-
gioma, and other brain tumors. Zhu et al'® reported that
multiple endocrine neoplasia type 1 (MENI) plays an
important role in pituitary adenoma associated with
meningioma by upregulating the mammalian target of
rapamycin signaling pathway. They found that rapamycin
treatment promotes apoptosis in primary cells of the pitui-
tary adenoma and meningioma in cases of pituitary ade-

noma associated with meningioma. Recurrence of
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pituitary adenoma, younger age, and larger size of menin-
gioma have been shown to be significantly associated with
MEN1 mutation.'®

Mathuriya et al'’

suggested that hormones may con-
tribute to the occurrence of meningiomas.

de Vries et al’ reported that compared with other types
of adenomas, the proportion of growth hormone adenomas
is higher, accounting for about one third of cases.
Meanwhile, Friend et al'® demonstrated that activation of
GH/insulin-like growth factor-1 (IGF-1) axis clearly
increased the growth rate of meningiomas. However, in
the present case, we observed the coexistence of ACTH-
secreting adenoma and meningioma. Further studies are
required to understand whether ACTH or cortisol are
related to the occurrence and development of meningioma.

In our case, pituitary microadenoma was the cause of
Cushing’s syndrome, while the meningioma was an inci-
dental imaging observation. With the popularity and tech-
nological progress of high-resolution imaging technology,
the reported prevalence of intracranial lesions related to
dominant pathology has increased.” However, when ima-
ging examinations are limited to specific regions, the diag-
nosis of lesions in other locations is likely to be omitted.
For example, in our case, performing MRI of the sellar
region alone may have meant that the meningioma was

missed.

Conclusion

Cushing’s disease is the most common cause of endogen-
ous Cushing’s syndrome and is caused by ACTH-secreting
pituitary adenoma.lt is associated with severe complica-
tions and reduced quality of life, so early diagnosis and
treatment are critical. The coexistence of CD, pituitary
adenoma, and meningioma is very rare, and the exact
mechanisms underlying such comorbidity are currently
unclear and need further study.
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