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Abstract:

It is quite rare that Cushing’s disease shows acromegaly, and no pharmacotherapy has yet been discussed.
A 2l-year-old woman was diagnosed with Cushing’s disease and underwent trans-sphenoidal surgery. Five
years later, she was diagnosed with recurrent Cushing’s disease and biochemical acromegaly because of ele-
vated levels of serum growth hormone (GH), plasma insulin-like growth factor-1, plasma adrenocorticotropic
hormone (ACTH), and the 24-hour urinary excretion of free cortisol. After treatment initiation with
pasireotide-long-acting release (LAR), both the ACTH and GH declined. Our case is the first to show the ef-

ficacy of pasireotide-LAR in controlling both Cushing’s disease and acromegaly.
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Introduction

A functioning pituitary adenoma often secretes multiple
anterior pituitary hormones; the most frequent hormonal
combinations are prolactin (PRL) and growth hormone (GH)
in the same cell lineage. Histologically, plurihormonal ade-
nomas (PHAs) account for from 10-15% of all functioning
pituitary adenomas, but only a small number of PHAs se-
crete multiple hormones (1). In the normal pituitary gland,
pluripotent progenitor cells can differentiate into 3 different
cellular lineages that synthesize pro-opiomelanocortins
(adrenocorticotropic hormone, ACTH); follicle-stimulating
hormone (FSH) and luteinizing hormone (LH); and GH,
PRL, and thyroid-stimulating hormone (TSH). Under such
circumstance, it is quite rare that Cushing’s disease shows
acromegaly beyond the lineage. Regarding acromegaly, there
is a pathological condition called “biochemical acromegaly”
that has only been proven biochemically (2). Biochemical

acromegaly does not exhibit the characteristic symptoms of
acromegaly, so it is necessary to be careful not to miss the
signs of this disease. In previous reports of cases of Cush-
ing’s disease associated with acromegaly, there were few re-
ports that discuss the optimal medical therapies for this con-
dition. We herein describe the case of a patient who demon-
strated recurrent Cushing’s disease merged with biochemical
acromegaly treated with pasireotide long-acting release
(LAR), a new second-generation somatostatin analog.

Case Report

A 21-year-old woman was diagnosed with Cushing’s dis-
ease on close examination, beginning with hypokalemia 5
years ago. Her height and weight were 159 cm and 69 kg
(body mass index: 27.3 kg/m’), respectively. She had a
blood pressure of 117/60 mmHg, and there was no abnor-
mal glucose tolerance (HbAlc: 4.5%, fasting blood glucose:
83 mg/dL). She had acne on the torso, red skin streaks on
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Table 1. Laboratory and Endocrine Data.
pre-operative post-operative 5 years later normal range
Chemistry
Sodium (mEq/L) 143 143 143 135-146
Chloride (mEq/L) 105 107 106 96-110
Potassium (mEq/L) 34 4.0 4.4 3.5-4.6
Total cholesterol (mg/dL) 242 165 152 130-219
LDL cholesterol (mg/dL) 138 89 66 70-130
HDL cholesterol (mg/dL) 95 54 76 40-75
Triglyceride (mg/dL) 78 110 49 30-149
Fasting plasma glucose (mg/dL) 116 83 78 70-109
HbAlc (%) 5.2 52 5.1 4.6-6.2
Endocrine data
ACTH (pg/mL) 106.1 5.0 63.4 7.2-63.3
Cortisol (ug/dL) 27.1 3.1 15.1 6.2-18.0
GH (ng/mL) 0.30 0.21 4.90 0.66-3.68
IGF-1 (ng/mL) 354 (192-611) 279 (192-611) 461 (168-459)
LH (mIU/mL) 0.4 1.8 24 0.5-15.0
FSH (mIU/mL) 5.7 7.5 6.2 1.3-6.2
TSH (ulU/mL) 0.51 0.64 0.91 0.35-3.73
Free triiodothyronine (pg/mL) 1.98 4.41 3.58 2.20-4.10
Free thyroxine (ug/dL) 0.94 1.06 1.32 0.88-1.81
PRL (ng/mL) 21.0 17.7 30.3 6.1-30.5
Urinary free-cortisol (ug/d) 509 40 406 11-80

LDL: low-density lipoprotein, HDL: high-density lipoprotein, ACTH: adrenocorticotropic hormone, GH: growth hor-

mone, IGF: insulin-like growth factor, LH: luteinizing hormone, FSH: follicle-stimulating hormone, TSH: thyroid-stim-

ulating hormone, PRL: prolactin

the lower abdomen, and thinning of the skin. She also had a
moon face, central obesity, a buffalo hump, and menstrual
irregularities. Endocrine examinations (Table 1) revealed that
her plasma ACTH level (106.1 pg/mL) and 24-hour urinary
excretion of free cortisol (509 pg/day) were both elevated,
but serum levels of other pituitary hormones including basal
serum GH (0.30 ng/mL) and plasma insulin-like growth fac-
tor (IGF)-1 (354 ng/mL) were within normal ranges. Be-
cause magnetic resonance imaging (MRI) showed a less-
enhanced mass in the left lobe of the pituitary gland
(Fig. 1A), a trans-sphenoidal surgery was performed for a
pituitary tumor (Fig. 1B). The adenoma cells showed diffuse
immunopositivity for ACTH, and the proliferation rate (Ki67
labelling index) was 10% (Fig. 2A-C). The oral administra-
tion of hydrocortisone was started as postoperative replace-
ment therapy. The dose was gradually reduced, and the
treatment was discontinued 6 months later.

There was no sign of recurrence during the follow-up ob-
servation, and MRI showed no lesions with a suspected di-
agnosis of recurrence (Fig. 1C-D). However, 5 years after
the operation, recurrence of Cushing’s disease was suspected
due to acne occurrence, hair loss, and menstrual irregularity.
She was admitted to our hospital for scrutiny. On physical
examination, her height was 160 cm and weight was 51 kg
(body mass index: 19.9 kg/m’). Her blood pressure was 113/
51 mmHg. Acne was found on the torso, and red skin
streaks were observed on the upper arm, popliteal fossa, and

lower abdomen, but she did not present with a moon face,
central obesity, or buffalo hump. She also did not have any
signs of acromegalic appearances, such as macroglossia,
deep nasolabial furrows, thick lips, and thickening of the
hands and feet. With regard to the skin findings, there were
no characteristic findings of acromegaly, such as skin thick-
ening or excessive sweating, while thinning of the skin,
characteristic of Cushing’s disease, was observed. There was
also no visual impairment. Endocrine examinations revealed
that her plasma ACTH level (63.4 pg/mL) and 24-hour uri-
nary excretion of free cortisol (406 upg/day) were elevated
(Table 1). Endocrine examinations of the hypothalamic-
pituitary-adrenal (HPA) axis showed a lack of circadian
rhythm of ACTH and cortisol; non-suppressibility to low-
dose (0.5 mg), but suppressibility to high-dose (8 mg) dex-
amethasone (Table 2). The plasma ACTH level increased
from 358 to 497.8 pg/mL after
corticotropin-releasing hormone (CRH) (Table 3). In addi-
tion, her serum GH (4.90 ng/mL) and plasma IGF-1 (461
ng/mL) levels were both elevated, and the serum GH level
after a 75-g oral glucose load (Table 4) showed a paradoxi-
cal increase (10.86 ng/mL at 30 minutes after glucose load-
ing). Based on these results, she was diagnosed with recur-

stimulation with

rent Cushing’s disease merged with biochemical acromegaly.
MRI revealed no apparent residual pituitary tumor (Fig. 1E).
We reviewed the pituitary adenoma specimens removed 5
years previously and confirmed that the adenoma cells
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Figure 1.

Magnetic resonance imaging (MRI) of the brain. (A) Pre-operative gadolinium-enhanced
T1-weighted MRI showing the presence of a microadenoma. (B) MRI performed one week after sur-
gery. Post-operative MRI showing the absence of any residual tumors. (C) MRI performed 6 months
after surgery. (D) MRI performed one year after surgery. (E) MRI performed before pasireotide

administration. (F) MRI performed 6 months after the start of pasireotide administration.

showed the immunopositivity for T-pit, but they did not
show reactivity to GH and PIT-1 according to a histological
analysis (Fig. 2D-F). In addition,
munostaining of somatostatin receptor (SSTR). The scoring
system proposed by Volante et al. (3) was applied to evalu-
ate SSTR2 and SSTRS immunostaining. This system is
based on a 4-score grading system, which is based on the
percentage of positive cells, with the following staining pat-

we evaluated im-

tern and intensity: score 0, absence of immunoreactivity;
score 1, pure cytoplasmic immunoreactivity, either focal or
diffuse; score 2, membranous reactivity in less than 50% of
tumor cells, irrespective of the presence of cytoplasmic

staining; and score 3, circumferential membranous reactivity
in more than 50% of tumor cells, irrespective of the pres-
ence of cytoplasmic staining. Using the Volante scoring sys-
tem, SSTRS5 was expressed in the adenoma cells (score 3),
but SSTR2 was negative (score 1) (Fig. 2E, F). She initiated
therapy with pasireotide-LAR (40 mg/month). Three weeks
after the introduction of pasireotide-LAR, there was neither
hyponatremia (serum sodium 139 mEq/L), hypoglycemia
(plasma glucose 105 mg/dL), nor eosinophilia, but symp-
toms suggesting adrenal insufficiency, such as general mal-
aise, were observed. Her plasma ACTH and serum cortisol
levels were 17.2 pg/mL and 4.3 pg/dL, respectively. There-
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Figure 2. Histopathological and immunohistochemical study. Hematoxylin and Eosin staining for
(A) magnification x40, and (B) magnification x40. Tumor cells with a rounded nucleus grow solidly,
and the proliferation rate (Ki67 labelling index) was 10%. Immunostainings for (C) ACTH, and (D)
GH (magnification x40). The adenoma cells showed diffuse immunopositivity for ACTH, and nega-
tive for GH. Immunostainings for (E) T-pit, (F) PIT-1, (G) SSTR2 and (H) SSTRS5. Although the ad-
enoma cells showed immunopositivity for T-pit and SSTRS, they were negative for PIT-1 and SSTR2.
(magnification x40)
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Table 2. Evaluation of ACTH-cortisol Hypersecretion.

Diurnal rhythm

Dexamethasone suppression test

early morning  pre-sleep 0.5mg 8mg
ACTH (pg/mL) 63.4 37.2 33.8 6.3
Cortisol (ug/dL) 15.1 14.2 14.9 22

ACTH: adrenocorticotropic hormone

Table 3. CRH Stimulation Test Results.

Time (min) 0 30 60 90
ACTH (pg/mL) 35.8 497.8 2485 1240
Cortisol (ug/dL)  17.0 304 36.6 383

ACTH: adrenocorticotropic hormone

fore, the oral administration of hydrocortisone (20 mg/day)
was initiated in combination. Subsequently, the passage has
remained unremarkable, and these treatments resulted in
hormonal normalization, as shown in Fig 3. The acne that
was identified before the treatment demonstrated any im-
provement. No side effects such as liver dysfunction were
observed with the wuse of pasireotide. Although self-
monitoring of blood glucose was introduced and the blood
glucose transition was confirmed, hyperglycemia was not
observed and HbAlc did not worsen (approximately 5.3%).

Discussion

Although several combinations of hormonally functioning
double pituitary adenomas have been reported, the coexis-
tence of acromegaly and pituitary Cushing’s disease is quite
rare. Most functioning pituitary adenomas reveal single-
hormone production, but the employment of immunocyto-
chemical analysis has revealed the existence of pituitary le-
sions with multiple hormonal expressions. In our case, we
reviewed the pituitary adenoma specimens removed 5 years
previously. Although immunostaining does not stain all re-
sected tumors, we confirmed that the adenoma cells showed
immunopositivity for ACTH, but they did not show reactiv-
ity to GH according to a histological analysis. From the
above, we considered the possibility that GH hypersecretion
had gradually developed after surgery, including the possi-
bility that the number of GH-positive cells, which were less
expressed at the time of surgery, may have gradually in-
creased. We also considered that ectopic GH or GHRH-
producing tumors may have occurred after surgery, but we
did not find any test results or imaging findings (for exam-
ple, in the lungs or pancreas) that positively indicated the
presence of ectopic tumors. Most causes of acromegaly are
GH secreting pituitary adenomas, and acromegaly caused by
a very small pituitary microadenoma that is not detected by
pituitary MRI is rare (4). Therefore, pituitary MRI is the
first step to localize the GH excess when biochemical diag-
nosis of acromegaly is confirmed, and adenomas that cause
acromegaly are almost always visible on conventional MRI.
However, there are several reports of patients with ac-

Table 4. The Results of 75gOGTT.

GH (ng/mL) BG (mg/dL)
0 min 1.50 87
30 min 10.86 123
60 min 7.53 164
90 min 2.04 140
120 min 1.20 152

romegaly pituitary adenomas could not be detected by MRI
imaging (5, 6). In our case, although no new pituitary tumor
was found in the follow-up of MRI images for 5 years, we
diagnosed her with acromegaly based on the biochemical as-
sessment including the serum GH level, age- and gender-
matched serum IGF-1 level, and the result of 75g oral glu-
cose tolerance test (OGTT). Schneider et al. reported a high
prevalence of undiagnosed acromegaly in primary care.
Among them, they suggested that there are “biochemical ac-
romegaly” patients whose acromegaly has been proved by
just only biochemically (2). Some patients with biochemical
evidence of acromegaly developed no clear-cut symptoms of
acromegaly. Based on these results, there was no hyper-
secretion of GH from the pituitary adenoma at the time of
surgery, suggesting that acromegaly might have developed
during the patient’s 5-year follow-up.

Clinically, PHAs are rare tumors that exhibit cellular im-
munoreactivity for more than one pituitary hormone (1).
Functioning pituitary adenomas, the most frequent type, ex-
hibit clinical syndromes due to pituitary hormonal over-
secretion. A common feature of GH-ACTH PHA is the
clinical dominance related to GH overproduction (1, 7). A
recent review described 12 cases of ACTH-GH PHA in a
dedicated review; upon analyzing specific pathognomonic
clinical features, they found that 8 of the 12 patients (66%)
had only clinically manifested acromegaly without clinical
evidence of Cushing’s disease (1). This phenomenon has
been defined as subclinical Cushing’s disease, which may be
caused by an insufficiency of autonomic ACTH production
or by biologically inactive ACTH (7). In our case, the pa-
tient has the excessive secretion of both ACTH and GH with
significant clinical manifestations of Cushing’s disease, but
not acromegaly. This is an unusual case that may involve the
active secretion of ACTH together with GH. It may be diffi-
cult to suspect the presence of PHA based only on clinical,
biochemical, or imaging features. Roca et al. reported that
pituitary tumors in PHA patients show microadenomas in 6
of 20 patients; however, only 4 of 20 PHA patients pre-
sented with clinical signs of both acromegaly and Cushing’s
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Figure 3. Clinical course of the patient. (A) The solid line indicates the plasma adrenocorticotropic
hormone (ACTH) level, and the broken line indicates the serum cortisol level. TSS: transsphenoidal
surgery. (B) The solid line indicates serum growth hormone (GH) level, and the broken line indicates
the plasma insulin-like growth factor-1 (IGF-1) level. The arrows indicate pasireotide administration.

disease (1). They reported that lack of overt signs and symp-
toms therefore does not indicate the absence of the disease.
In pathological tissue examinations using the pituitary
specimens previously,
munostaining revealed the presence of ACTH-positive cells
in the tumor, but there were no GH-positive cells. In the
World Health Organization’s 2017 classification of pituitary
tumors (WHO 2017), the expression of anterior pituitary
hormones and transcription factors is confirmed by immuno-
histochemistry, and the anterior pituitary cells that may be

adenoma removed 5 years im-

the origin of adenomas are inferred and classified. The ex-
pression patterns of pituitary transcription factors such as
PIT-1 or T-pit may reveal the origin and development of tu-
mor cells. In our case, T-pit was expressed in the adenoma

cells, but PIT-1 was negative.

Pasireotide is a multi-receptor-targeted, second-generation
somatostatin analog. Pasireotide has been approved for the
treatment of acromegaly, instead of first-generation somato-
statin analogs, allowing patients to achieve a greater nor-
malization of IGF-1 (8). Additionally, the difference from
the first-generation somatostatin analog is that pasireotide
has the highest affinity for SSTRS, the most abundantly ex-
pressed somatostatin receptor subtype in corticotrophs. A re-
cent phase 3 trial showed that pasireotide is an effective
treatment agent for some patients with Cushing’s disease
who have persistent or recurrent disease after initial sur-
gery (9). It also suggests the superior efficacy of pasireotide-
LAR compared to a first-generation somatostatin analog, oc-
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treotide LAR, for the treatment of patients with acromegaly.
Rajendran et al. reported the use of pasireotide in a rare and
unusual case of pituitary macroadenoma co-secreting GH,
prolactin, and ACTH (10). In that case, the GH and IGF-1
levels improved significantly, but intermittent hypercorti-
solemia persisted. In patients with Cushing’s disease, SSTRS
is the most abundant receptor expressed. In addition, tumors
show low SSTR2 density due to hypercortisolism-induced
SSTR2 down-regulation (11). Since pasireotide has a par-
ticularly strong affinity for SSTRS, it is considered that
ACTH secretion was firmly suppressed in our case. In addi-
tion, it has been recently postulated that the expression of
SSTR2 or SSTRS may predict responsiveness to pasireotide
in acromegaly (12, 13). Although it was negative for GH by
immunostaining in pathological tissue examinations with the
pituitary adenoma specimens removed 5 years previously,
the immunostaining of SSTR2 and SSTRS could therefore
be useful when studying the therapeutic effect.

Our case is the first case in which pasireotide-LAR dem-
onstrated effectiveness in controlling both Cushing’s disease
and acromegaly. Although our patient followed a favorable
clinical course until the present time, we need to carefully
observe the long-term course in the future.

In conclusion, pasireotide-LAR should therefore be con-
sidered when treating combined cases of Cushing’s disease
and acromegaly.
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