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Abstract The management of critically ill Cushing’s
disease (CD) patients is extremely challenging. Pasireotide
is indicated for the treatment of CD patients when pituitary
surgery is unfeasible or has not been curative, but no data
are available about the use of this drug as pre-operative
treatment in critically ill patients. We report the effects of
presurgical pasireotide therapy in CD patients in whom
hypercortisolism caused life-threatening hypokalemia, al-
kalosis, and cardio-respiratory complications precluding
surgical approach. Clinical, biochemical, and radiological
data of two critically ill patients with ACTH-secreting pi-
tuitary macroadenoma, before and during first-line
presurgical pasireotide treatment (600 pg s.c. bid). During
the first 21 days of treatment, pasireotide therapy induced a
rapid, partial decrease of plasma ACTH, serum cortisol,
and urinary free cortisol levels, with the consequent nor-
malization of serum potassium concentration and arterial
blood gases parameters, in both the patients. They did not
experience unmanageable side effects and underwent en-
doscopic transsphenoidal surgery after 4 weeks of effective
treatment. Pre-operative MRI evaluation did not show pi-
tuitary tumor shrinkage. Surgical cure of CD was obtained
in the first patient, while debulking allowed the pharma-
cological control of hypercortisolism in the second case.
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We suggest that pasireotide can induce a rapid improve-
ment of clinical and metabolic conditions in critically ill
CD patients in whom surgical approach is considered
hazardous and need to be delayed.
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Introduction

Cushing’s disease (CD) is a clinical condition associated
with increased morbidity and mortality, caused by ACTH-
secreting pituitary adenomas. Usually, these tumors are
extremely small or even undetectable by post-contrast dy-
namic MRI, while macroadenomas are very rare [1, 2].
Pituitary surgery represents the first-line therapy, because it
is a safe and effective approach that induces a dramatic and
rapid ACTH and cortisol decrease in the majority of cases
[3]. Patients not cured by surgery can undergo reinterven-
tion, radiosurgery, bilateral adrenalectomy, and/or medical
therapy. Pharmacological treatment is also indicated when
surgery is not feasible, to reach biochemical control while
waiting for radiosurgery to be effective or in mild CD [4].
Medical therapies for CD include several drugs acting at
pituitary (pasireotide, cabergoline, retinoic acid), adrenal
(metyrapone, ketoconazole, mitotane, etomidate), or glu-
cocorticoid receptor (mifepristone) level [5, 6]. At present,
however, pasireotide is the only pituitary-directed drug
registered in Europe and in USA for the treatment of CD
patients when surgery is not curative or is unfeasible. It is a
multireceptor-targeted somatostatin analog which induces
antitumor effects and inhibits ACTH secretion in corti-
cotroph adenomas, improving signs and symptoms of hy-
percortisolism in 30-50 % of CD patients [7, 8].
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Nevertheless, few data are available about the use of
pasireotide as first-line or presurgical treatment [9].

Clinical manifestations of CD include obesity—con-
fined mainly to the face, neck, trunk, and abdomen—purple
striae, muscle weakness, fatigue, easy bruising, hyperten-
sion, dyslipidemia, and diabetes mellitus. Acne, hirsutism,
and menstrual irregularities are extremely common in
women, while children usually show weight gain and
growth retardation [10]. Neuropsychiatric disorders occur
frequently in both the sexes and at all ages, due to the
relevant effects of glucocorticoids on the central nervous
system [11]. Osteoporosis and increased risk for low-en-
ergy bone fractures have been reported in adults [12]. The
spectrum of clinical presentation is broad, ranging from
mild/pauci-symptomatic to extremely severe forms that
require alternative management strategy. Indeed, surgery is
generally followed by rapid cortisol reduction, improving
clinical conditions and decreasing mortality risk, but
sometimes, patients in critical situations cannot be imme-
diately operated because of very high anesthesiology risk.
In these cases, some authors proposed alternative
therapeutic approach based on the administration of drugs
blocking cortisol production or antagonizing its receptor,
alone or in association [13—15]. In patients with severe
hypercortisolism, acute respiratory distress syndrome
(ARDS), a life-threatening condition probably precipitated
by hypophosphatemia, can also preclude surgery [16].

Here we report on the clinical management of two pa-
tients with ACTH-secreting pituitary macroadenomas and
secondary hypercortisolism, which caused severe alkalosis
and cardio-respiratory complications rapidly reverted by
presurgical pasireotide administration. We demonstrate for
the first time that this pituitary-targeted therapy represents
a valid option in these cases, as well as other drugs acting
at adrenal level which have been used in combination or
monotherapy [13, 14, 17].

Patients and methods
Patients

Patient no. 1 was a 53-year-old woman referred to the
gynecological unit of our university hospital for a huge
pelvic abscess causing sepsis in March 2013. She com-
plained of typical cushingoid features, hypertension, dia-
betes mellitus, and depression for 2 years. Morning plasma
ACTH, serum cortisol, and urinary free cortisol (UFC)
levels were dramatically elevated (416 pg/ml, 553 ng/ml
and 15.4 x ULN, respectively). Moreover, human CRH
and DDAVP tests induced exaggerated ACTH increase
(3.2- and 10.0-fold from baseline levels, respectively).
Thyroid function was normal. Gadolinium contrast
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enhanced MRI showed an 18-mm (max diameter) sellar
lesion with strong and dishomogeneous contrast enhance-
ment. The lesion had a suprasellar expansion with partial
invasion of the left cavernous sinus, without compression
of the optic chiasm. Sepsis resolved within few days, but
electrolytic, metabolic, and respiratory conditions dra-
matically worsened. Severe hypokalemia (2.1 mEqg/L) and
hypophosphatemia (2.4 mg/dL) developed, although oral
and intravenous potassium supplementation was started
since admission. The patient rapidly became tachypneic
(respiratory rate 24 breaths/min) and dyspneic. Arterial
blood gases evaluation showed severe metabolic alkalosis
with a compensatory rise of pCO2 (pH 7.621, pCO,
53.1 mmHg, pO, 50.6 mmHg, SO, 83.4 %, HCO;"
53.5 mEq/L). Clinical symptoms and laboratory examina-
tions supported the diagnosis of ARDS. Despite me-
chanical ventilation, clinical status did not sufficiently
improve during the following days. On the basis of the
critical clinical conditions, surgical approach was consid-
ered hazardous, and pasireotide treatment was immediately
started.

Patient no. 2 was a 35-year-old male referred to our
neurosurgery unit in January 2014 because of multiple
vertebral fractures at D7, D8, D9, L2, and L4 levels. He
showed severe cushingoid features and complained of
muscle weakness, depression, and hypertension for at least
10 months. Plasma ACTH, serum cortisol, and UFC levels
were very high (218 pg/ml, 409 ng/ml and 17.1 x ULN,
respectively). Biochemical evaluation showed also low
testosterone (60.8 ng/dL, n.v. 175-781) and IGF-1 (—2.9
SDS) concentrations, whereas thyroid function was normal.
Pituitary-MRI demonstrated a sellar lesion with a huge
infrasellar and suprasellar extension, invading both cav-
ernous sinuses and encasing internal carotid arteries. The
tumor extended to the posterior clinoid processes and to the
suprasellar cisterns and invaded the sphenoidal sinus.
Severe hypokalemia (2.4 mmol/l), which had been
documented at admission, persisted during the following
days despite oral and parenteral potassium supplementa-
tion. Also in this case, arterial blood gases evaluation
indicated metabolic alkalosis with a compensatory rise of
pCO2 (pH 7.574, pCO, 51.0 mmHg, pO, 51.2 mmHg, SO,
88.5 %, HCO3; 46 mEq/L). Because of patient’s very poor
clinical status, surgery was delayed and pasireotide treat-
ment was started 8 days after admission.

Biochemical evaluation

Plasma ACTH determination was performed by a chemi-
luminescent method (Immulite 2000, DPC, Los Angeles
CA, USA). Serum cortisol and UFC levels were measured
by a commercial immunoassay (Beckham Coulter, Inc.).
Method sensitivity was 5 pg/ml for plasma ACTH, 10 ng/
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ml for serum cortisol, and 15 pg/24 h for UFC. Intra- and
inter-assay variation coefficients were <7 and <9 % for
plasma ACTH and <6 and <9 % for both urinary and
serum cortisol levels, respectively. In our laboratory, nor-
mal ranges are 10-50 pg/ml for plasma ACTH and
50-250 ng/ml for morning serum cortisol levels. UFC
(normal range 75-270 pg/24 h) have been expressed as
times the upper limit of normal (ULN).

Results
Response to treatment

Changes of hormone profiles, electrolytes levels, arterial
blood gases analysis, blood pressure values, and fasting
glucose levels of both patients during presurgical pasireo-
tide treatment are summarized in Table 1.

Pasireotide therapy (600 pg s.c. bid) induced a rapid
decrease of plasma ACTH, serum cortisol, and UFC levels
during the first 21 days of treatment in both the cases
(Fig. 1). Serum potassium concentration rapidly normal-
ized as well as arterial blood gases parameters, allowing
potassium supplementation reduction and, finally, with-
drawal. At the same time, clinical status significantly im-
proved in both the patients.

In patient no. 1, however, plasma ACTH, serum cortisol,
and UFC levels increased again during the fourth week of
pasireotide treatment (Fig. 1). Nonetheless, the ameliora-
tion of metabolic parameters and improvement of clinical
conditions, with the consequent reduction of the anesthe-
siology risk, led us to decide to perform endoscopic
transsphenoidal surgery. Pre-operative MRI evaluation did
not show pituitary tumor shrinkage. Pasireotide treatment
was withdrawn 2 days before surgery. Histological and
immunohistochemical evaluations showed a densely
granulated pituitary adenoma positive for ACTH and
negative for GH, PRL, TSH, FSH, and LH. Ki-67 labeling
index was 1 % and p53 was negative, but cytokeratin AE1-
AE3 and chromogranin were strongly and diffusely posi-
tive. Three days after surgery, hypoadrenalism was
documented, and hydrocortisone replacement was neces-
sary for 6 months. Normalization of midnight cortisol
concentration (13.2 ng/ml), UFC levels (0.2 x ULN) and
cortisol suppression after overnight 1-mg dexamethasone
administration (10.8 ng/ml) was documented 6 months
after surgery and confirmed 1 year later.

In patient no. 2, endoscopic transsphenoidal approach
and simultaneous vertebroplasty were performed 30 days
after he started pasireotide. Also in this case, medical
treatment did not shrink pituitary mass. At histology and
immunohistochemistry, an atypical ACTH-secreting pitu-
itary adenoma, negative for GH, PRL, TSH, FSH, and LH,

with scattered mitoses (1 mitosis per 10 high-power fields)
was proven. Ki-67 labeling index was 8 %, p53 was
positive in 5 % of tumor cells and also cytokeratin AE1-
AE3 and chromogranin were strongly and diffusely posi-
tive. Pasireotide was withdrawn 2 days before and restarted
at the same dose 5 days after surgery, when the persistence
of active CD was confirmed (plasma ACTH 198.0 pg/ml;
serum cortisol 372 ng/ml; UFC 6.39 x ULN). Then,
plasma ACTH rapidly decreased as well as serum cortisol
and UFC levels, which reached normalization after few
weeks. Nevertheless, cyber-knife stereotactic radiosurgery
was performed 6 months after surgery because pituitary
tumor remnant slightly grew.

In both patients, pasireotide treatment was started at the
dose of 600 g bid, in accordance with the drug data sheet,
and no titration was performed until surgery. In patient no.
2, the dose was not titrated either after surgery because
UFC levels quickly normalized.

In both cases, blood pressure decreased during pasir-
eotide treatment (Table 1). At admission, patient no. 1 was
treated with valsartan (320 mg/day), hydrochlorothiazide
(25 mg/day), and doxazosin (4 mg/day). These drugs were
continued during pasireotide therapy, but doxazosin dose
was reduced to 2 mg/day. Finally, the anti-hypertensive
therapy was withdrawn after surgery because of blood
pressure normalization. Patient no. 2 was treated with
canrenone (100 mg/day) and hydrochlorothiazide (25 mg
bid) at entry, but hydrochlorothiazide was replaced with
nebivolol (5 mg/day) immediately after admission to the
neurosurgery unit. Unfortunately, serum aldosterone and
plasma renin values were not evaluated in both the cases.

Adverse events

Pasireotide administration induced a rapid impairment of
glycemic control in both patients, which was corrected in
few days by insulin treatment. Only patient no. 1 was al-
ready diabetic and treated with metformin. Patient no. 2
complained of nausea and intestinal discomfort during the
first 2 weeks of pasireotide treatment. Liver function was
unchanged during all the treatment period in both cases.
Patients did not report other adverse effects related to
treatment.

Discussion

Transsphenoidal approach is considered the first-line
treatment for patients with ACTH-secreting pituitary ade-
noma, since its cure rate is very high when surgery is
performed by skilled neurosurgeons. However, the cure
rate decreases significantly in patients with macroadeno-
mas especially if they are invasive or aggressive [1, 2].
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Table 1 Changes of hormone profiles, electrolytes levels, arterial blood gases analysis, blood pressure values, and fasting glucose levels in

patients no. 1 and no. 2 during presurgical pasireotide treatment

Patient no. 1

Patient no. 2

Pasireotide treatment

Pasireotide treatment

Baseline 3rd day 7th day 21st day Baseline 3rd day 7th day 21st day
Plasma ACTH h. 8 (pg/ml) 416 87 26.9 35.2 218 119 125 88
Serum cortisol h. 8 (ng/ml) 553 486 422 375 409 286 242 267
UFC (x ULN) 15.4 - 6.5 7.9 17.1 - 6.4 3.5
Na* (mEgq/L) 147 140 139 141 148 146 141 143
K" (mEq/L) 2.1%# 3.4% 42 3.9 2.4%# 3.8* 4.4 3.8
Ca®* (mmol/L) 0.6 0.9 1.1 1.1 1.1 1.1 1.2 1.2
P* (mg/dL) 24 4.5 43 43 3.1 3.0 3.8 3.5
pH 7.64 7.40 7.42 - 7.48 7.43 7.40 -
pO, (mmHg) 53.0 84.2 98.0 - 78.2 84.5 93.4 -
SO, (%) 90 94 95 - 94 97 97 -
pCO, (mmHg) 46.5 412 38.2 - 48.0 35.2 38.0 -
HCO3 (mEg/L) 48.7 28.0 27.4 - 36.0 20.4 24.8 -
SBP/DBP (mmHg) 200/110° 160/90° 140/80° 140/90° 180/120° 150/90¢ 130/80¢ 120/65¢
FGL (mg/dL) 96° 416° 219° 109° 103 164" 169° 127

ACTH h. 8 normal values: 10-50 pg/ml
Cortisol h. 8 normal values: 50-250 ng/ml

UFC urinary free cortisol, ULN upper limit of normal, SBP systolic blood pressure, DBP diastolic blood pressure, FGL fasting glucose levels

* Parenteral potassium supplementation (KCl 80-120 mEq/day)
# Oral potassium supplementation (KCI 0.6-1.8 g/day)

* On treatment with valsartan (320 mg/day), hydrochlorothiazide (25 mg/day), and doxazosin (4 mg/day)

° On treatment with valsartan (320 mg/day), hydrochlorothiazide (25 mg/day), and doxazosin (2 mg/day)

4 On treatment with canrenone (100 mg/day) and nebivolol (5 mg/day)

¢ On treatment with metformin 1000 mg/bid

f On treatment with basal bolus insulin regimen

Adjunctive treatments, based on reintervention, radio-
surgery, drugs, or bilateral adrenalectomy can be necessary
when pituitary surgery is ineffective [4, 18]. Management
of CD becomes extremely challenging when patients are in
very poor clinical conditions due to opportunistic infec-
tions, hearth failure, psychiatric disturbances, and
metabolic or respiratory complications. In these cases, the
patient’s status can hamper surgical management, being not
compatible with general anesthesia or lengthy surgical
procedures. Indeed, although endoscopic approach has re-
duced surgical risk, operation remains potentially danger-
ous in critically ill patients [13—15]. For this reason, it can
be necessary to delay intervention and to treat hypercorti-
solism by other approaches.

Our patients were symptomatic for several months be-
fore diagnosis but an opportunistic infection, in the first
case, and multiple vertebral fractures, in the second one,
suddenly induced metabolic decompensation. In these
conditions, surgical risk was very high, and we opted for
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On treatment with canrenone (100 mg/day) and hydrochlorothiazide (25 mg/bid)

pharmacological treatment of hypercortisolism, delaying
operation. At our knowledge, the only prospective study
concerning alternative treatment in critical patients with
ACTH-dependent hypercortisolism has been published by
Kamenicky et al. few years ago [13]. These authors re-
ported a marked clinical improvement induced by com-
bined treatment with metyrapone, ketoconazole, and
mitotane, three drugs which block steroidogenesis, in 4 CD
patients and in seven cases with ACTH-secreting neu-
roendocrine tumors. The control of hypercortisolism and its
life-threatening complications was rapidly achieved by
combined drugs administration and then maintained by
low-dose mitotane alone in all CD patients, who were fi-
nally able to undergo pituitary surgery. Nevertheless, this
approach is at risk of major adverse events, especially for
the potential consequences on liver function [13]. In an-
other study, Feelders et al. evaluated the effect of combined
treatment with pasireotide, cabergoline, and ketoconazole
in CD patients [19]. The stepwise pasireotide dose
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Fig. 1 Effects of 4-week presurgical treatment with pasireotide on
plasma ACTH, serum cortisol, and urinary free cortisol levels in
patients no. 1 and no.2. The escape of ACTH and cortisol levels is
evident during the 4th week of treatment in the first case. The dashed
lines indicate the upper limit of normal

increase, followed by the addition of the other drugs in
resistant patients, needed a long period of time for reaching
UFC normalization in 88 % of cases. However, this study
aimed to define a therapeutic strategy to control hyper-
cortisolism in patients with refractory CD, rather than ad-
dressing the management of patients in critical conditions.
In 2008, a consensus statement on the treatment of ACTH-
dependent Cushing’s syndrome included a recommenda-
tion for the use of etomidate when a rapid control of cor-
tisol levels is required and other therapies are unfeasible
[20]. Etomidate is a carboxylated imidazole used as intra-
venous hypnotic agent, which inhibits the mitochondrial

cytochrome p450-dependent adrenal enzyme 11f3-hy-
droxylase that catalyzes the production of cortisol from
deoxycortisol. However, etomidate should be used in an
intensive care setting and a close serum cortisol monitoring
is necessary to ensure that adrenal insufficiency does not
occur [21]. Another drug proposed for the treatment of
critically ill patients with endogenous hypercortisolism is
mifepristone, which blocks cortisol action at level of glu-
cocorticoid receptors [15]. In patients with severe Cush-
ing’s syndrome, mifepristone administration induces a
considerable improvement of hyperglycemia and hyper-
tension; nevertheless, until recently, most of the informa-
tion on the use and effectiveness of this drug was based
only on case reports and small case series [22]. Manage-
ment of mifepristone treatment is challenging, due to the
lack of biochemical markers of treatment response and the
frequent occurrence of adverse events related to the
mechanism of action.

When we treated our patients with pasireotide, keto-
conazole, metyrapone, or mifepristone were not immedi-
ately available in our hospital. On the other hand,
mitotane needs several weeks and progressive dose in-
crease to control hypercortisolism. On the contrary, Tre-
mentino et al. recently reported that pasireotide
administration induces a very rapid decrease of plasma
ACTH, serum cortisol, and UFC levels in responder pa-
tients, allowing the immediate identification of candidates
to treatment [23]. At present, pasireotide is the only drug
registered in Italy for treatment of adult Cushing’s dis-
ease. It is a multireceptor-targeted somatostatin analog,
effective in reducing biochemical markers as well as in
improving signs and symptoms of hypercortisolism [4, 6,
24]. Data reported until now show that long-term pasir-
eotide administration induced UFC normalization in 26 %
of patients treated with 900 pg bid and decreased median
UFC levels by 50 % compared to baseline in both the
groups of patients treated with 600 or 900 pg bid [8]. The
control rate is higher in patients with mild Cushing’s
disease than in those with severe hypercortisolism, since
UFC normalization is reached only in 8 % of patients
with UFC > 5 x ULN after 6-month treatment [8]. It is
noteworthy that in our patients, the partial decreases of
serum cortisol and UFC levels were associated with a
rapid, dramatic improvement of clinical conditions, which
allowed in few weeks surgical management. Few years
ago, we reported that octreotide administration induced a
rapid resolution of alkalosis and ARDS in a woman with
CRH-secreting neuroendocrine adrenal tumor [16]. In that
case, as well as in patient no. 1, ARDS may have been
precipitated by hypophosphatemia, which normalized
rapidly during somatostatin analogs’ treatment. Never-
theless, a direct effect of these drugs on alkalosis cannot
be ruled out.
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Safety profile of pasireotide is similar to other somatostatin
analogs, but the incidence of moderate or severe hyper-
glycemia is dramatically higher [24-26]. Accordingly, our
patients showed impairment of glycemic profile nevertheless
reduced by insulin administration. Persistent abdominal dis-
comfort, complained by patient no. 2, is also frequently re-
ported during pasireotide administration and is resistant to
treatment but rarely causes withdrawal. In both the patients,
our anesthesiologist requested pasireotide withdrawal 2 days
before surgery because no safety data were available. How-
ever, no adverse events have been reported until now in pa-
tients operated during somatostatin analogs treatment.

Pasireotide as first-line treatment in a patient with ACTH-
secreting macroadenoma has been reported by Shimon et al.
[9]. In this case, however, the reason for first-line medical
treatment was the refusal of surgery. The patient was treated
for 39 months with high doses of pasireotide (900-1200 pg
bids.c.), reaching a satisfactory control of symptoms and signs
of hypercortisolism after few months although UFC levels
never normalized. Interestingly, tumor volume progressively
decreased during 2-year treatment, reducing maximum di-
ameter from 15to 11 mm [9]. Recently, Simeoli et al. reported
a significant reduction (>25 %) of tumor volume in 62.5 %
and in 100 % of eight CD patients after 6 and 12 months,
respectively, of pasireotide treatment at the dose of
600-1200 pg bid [27]. In our cases, tumor shrinkage was not
demonstrated by MRI, but treatment was very short in the first
case, while patient no. 2 harbored a giant tumor with a very
high Ki67 labeling index, which slightly increased during
pasireotide treatment and finally required radiosurgery.

In conclusion, pasireotide can induce a rapid improve-
ment of clinical conditions and metabolic abnormalities in
critical patients with Cushing’s disease, in whom
transsphenoidal approach is considered hazardous and
should be delayed. Indeed, even a partial decrease of cor-
tisol concentrations can be associated with serum potassi-
um increment and alkalosis resolution. For this reason, a
short-term presurgical treatment with pasireotide can be a
therapeutic option for selected patients with very high
anesthesiology risk.

Conflict of interest The authors declare that they have no conflict
of interest.
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