Erasmus MC

Universi ity Medical Center Rotterdam

“The Cushing Game”: The Molecular Basis of Combined
Therapy

ABC Meeting Napoli May 2015

Richard Feelders

Erasmus Medical Center, Rotterdam, The Netherlands



Erasmus MC

Erasmus Medical Center - old

...-....PPF’:.ODODDD
L FEE RN Y TR
Sldszzzszzassnasrazaas
RI33334080 0wz

»...,7
) .

[
‘al %

WA iy

: -

-
-

it

’
v v
. na

e —

A
\| 5
1
Ane

/

'

',



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=FWp_1fIH2jtDgM&tbnid=T6yq_oylnPH0BM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.w4y.nl%2Fvoorbereiding-renovatie-erasmus-mc%2F&ei=oqO2U-WpMYHiywPrioGAAw&bvm=bv.70138588,d.bGQ&psig=AFQjCNEezQWOpe_urQHHyTN7I3MbsNmhyg&ust=1404564747114813
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=FWp_1fIH2jtDgM&tbnid=T6yq_oylnPH0BM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.w4y.nl%2Fvoorbereiding-renovatie-erasmus-mc%2F&ei=oqO2U-WpMYHiywPrioGAAw&bvm=bv.70138588,d.bGQ&psig=AFQjCNEezQWOpe_urQHHyTN7I3MbsNmhyg&ust=1404564747114813

Erasmus MC

Erasmus Medical Center - new



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=2RrCbeMIm7diyM&tbnid=T5cFCBn81zeFVM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.egm.nl%2Fnl%2Fproject%2F45%2Ferasmus-mc&ei=_aO2U9ztEcu6ygPFwoCQDw&bvm=bv.70138588,d.bGQ&psig=AFQjCNE-3EOgicBxO1NS9m1EMreiUo4BOw&ust=1404564855796682
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=2RrCbeMIm7diyM&tbnid=T5cFCBn81zeFVM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.egm.nl%2Fnl%2Fproject%2F45%2Ferasmus-mc&ei=_aO2U9ztEcu6ygPFwoCQDw&bvm=bv.70138588,d.bGQ&psig=AFQjCNE-3EOgicBxO1NS9m1EMreiUo4BOw&ust=1404564855796682

Erasmus MC

Pituitary tumor cell culture
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Pituitary tumor cell culture
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Outline

Introduction

Medical treatment of CD and rationale of combination therapy

Targets for and mechanisms of combined medical treatment

Conclusion
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Cushing’s syndrome

« ACTH-dependent:

e pituitary adenoma

« ectopic ACTH production

« ACTH-independent:

« adrenal adenoma

 bilateral adrenal hyperplasia

 adrenal carcinoma



Cushing’s disease: morbidity
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Endocrine changes
* Hypothyroidism

* Hypogonadism

- Adrenal androgens T

Body composition

» Altered fat distribution
* Muscle and skin atrophy

» Osteoporosis

Neuropsychiatric
disturbances

* Depression
* Psychosis
* Impaired memory

* Insomnia

Metabolic syndrome

* Central obesity
* Hypertension
* Diabetes Mellitus

* Dyslipidemia

Hypercoagulability

* Venous thrombosis

* Pulmonary embolism




Mortality in Cushing’s disease

Erasmus MC

First author, year

Lindholm, 2001
Hammer, 2004
Dekkers, 2007
Clayton, 2011
Hassan-Smith, 2012

Ntali, 2013

SMR cure

0.31

1.18

1.8

3.3

2.47

10.8

SMR persistent CD
5.1

2.8

4.38

16

4.12

9.9



Cardiovascular disease is a leading cause of death
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Unknown

Cardiovascular

Other |

Infectious Cerebrovascular
disease
Persistent Malignancy

disease
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Challenges in the treatment of Cushing’s disease

* Achievement of biochemical remission

« Aftermath: reversal of co-morbidity
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Reversibility of co-morbidity

Feature Prevalence Persistence after remission
Overweight (BMI 25-30) 21-48% 33 %
Obesity (BMI >30) 32-41% 40 %
Impaired glucose tolerance 21-64 % 60 %
Diabetes mellitus 20-47 % 40-60 %
55-85 % 44-75 %

Hypertension

Faggiano A, et al. 2003; Mancini T, et al. 2004; Tauchmanova L, et al. 2002;
Colao A, et al. 1999; Pivonello R, et al. 2005; Invitti C, et al. 1999; Feelders et al. 2012
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Treatment of Cushing’s disease

« Transsphenoidal adenomectomy is the first-line treatment of
Cushing’s disease (CD)

« Remission rates after surgery vary between 60-90 %, but up to 25
% of patients develops recurrent CD

« Options after surgical failure:
 second surgery
* radiotherapy
* bilateral adrenalectomy

 medical therapy
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Indications for medical therapy

 Cushing’s disease:
* pretreatment before surgery
« after unsucessful surgery and RT
 primary medical therapy

« Severe complications of hypercortisolism

* Inoperable/metastasized tumors:
« ectopic ACTH syndrome
« cortisol producing adrenal carcinoma



Drug targets in Cushing’s disease
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Combination therapy

* Indicated:
* In patients with moderate to severe hypercortisolism

« In patients with acute complications of hypercortisolism

« Lower dosages may cause less side effects

« Combining compounds may have synergistic effects

Feelders & Hofland JCEM 2013
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Somatostatin and dopamine receptors

Pituitary

Somatostatin receptor Dopamine receptor

(sst,,sst:) q’r;\fj (D2)

J3

Inhibition of ACTH production
Feelders & Hofland JCEM 2013



Somatostatin receptor subtype expression in ErapmusMC
corticotroph adenomas (n=30)
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de Bruin et al., JCEM 2009



Erasmus MC

Effect of glucocorticoids on sst mMRNA expression
levels in AtT-20 cells

% to control

POMC sst, Sst;
150 - 150 - 150
100 - 100 - 100 -
50 - 50 - 50 -

O-

p < 0.001 vs control

. control

. 24 h Dexamethasone (10nM)

Van der Hoek et al. Am. J. Physiol. 2005
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Pasireotide: universal somatostatin analogue

Pasireotide
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Feelders et al. Nat Rev Drug Discov 2012
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Effects of glucocorticoids on ss-analog mediated inhibition
of ACTH secretion (AtT20 cells)

OCT Pasireotide BIM-23268

p <0.05

-100

% ACTH inhibition
(compared to control)

-125

. control

. 48h Dexamethasone (10nM) pre-incubation

Van der Hoek et al. Am. J. Physiol. 2005



Effects of octreotide and pasireotide on ACTH
secretion by human corticotroph adenomas
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Pasireotide
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Phase Ill trial with pasireotide (n=162)
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Colao et al. NEJM 2012
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Dopamine receptor
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Dopamine receptor subtype 2 expression in
corticotroph adenomas (n=30)
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de Bruin et al., JCEM 2009
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Effects of cabergoline on UFC in Cushing’s disease
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Pivonello et al. JCEM 2009



Sst,, sst; and D, receptor expression in Erasmus MC
corticotroph adenomas

Non-invasive Invasive
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Hetero-oligomerization of human sst, and D2
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Inhibition of cAMP formation via D2 and sst,
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Somatostatin-dopamine chimeric compound

Partially SST-Resistant Human Acromegalic Tumors

7 Octreotide ] BIM-23A760

=10

=20

% GH SUPRESSION

=30 7]

-50 T T T T T T T T
C -12 -10 -8 C -12 -10 -8

LOG [M] DRUGS

Culler MD Horm Metab Res 2011
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Enhanced functional activity of D2DR-sst; heterodimers

Forskolin-stimulated cAMP

levels (% of maximum)
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Combination therapy

« Pasireotide and cabergoline alone can induce biochemical
remission in £ 25-30 % of CD patients

« Combined targeting of sst and Da receptors may result in additive
or synergistic effects on ACTH secretion by corticotroph tumor

cells
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Pasireotide mono- or combination therapy (n=17)

Ketoconazole
Cabergoline 200 mg tid
Pasireotide 1.5 mg qod

250 pg tid

100 pg tid

W
0 15 32 60 80

—p Time (days) Feelders et al. NEJM 2010
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Neuromodulatory effects of ketoconazole
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Dose-dependent inhibitory effect of ketoconazole on basal
and CRF-induced ACTH release by rat anterior pituitary cells
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Stalla et al. Endocrinology 1988
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Neuromodulatory effects of ketoconazole in vivo ?

« ACTHresponse to CRH is unchanged or enhanced after
ketoconazole treatment (Loli et al. 1986, Boscaro et al. 1987)

« No compensatory rise in ACTH levels upon prolonged treatment
with ketoconazole (Loli et al. 1986, Sonino et al. 1991)



Sst,, sst; and D, receptor expression in neuroendocrine EraspusMc

tumors




Cabergoline and lanreotide for ectopic Cushing’s Erasmus MC
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Pivonello et al. NEJM 2005
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Is cortisol-mediated sst, down-regulation reversible ?
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Patient with a corticotroph macroadenoma

Female, 27 years
« ACTH-producing macroadenoma
* Initial SMS-scan negative

« SMS-scan positive after 4 months
treatment with ketoconazole

4 HERMES
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CT and octreoscan before and after treatment

de Bruin et al. JCEM 2012
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Immunohistochemistry for the sst,and D, receptor in 2 afurns

patient’s bronchial carcinoid tissue 4

Negative control Sst, staining D, staining

de Bruin et al. JCEM 2012
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Sst, expression in CD after medical treatment

« Evaluation of sst, and sst; expression in adenomas of:
« 21 patients with elevated cortisol production preoperatively

« 11 patients with normalized cortisol production preoperatively

e Mean duration of normocortisolism: 10.3 weeks

« Compared with GH-producing pituitary adenomas (n=10).

van der Pas et al. JCEM 2013



Sst, and sst: mMRNA expression
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Corticotroph adenomas

N
o
J

Elevated UFC
n=21

=
(6]
1

(normalized to HPRT)
o =
o o
] ]

Relative expression

o
?

Sst2 ssth

— E

2.0

1.5-

1.0+

0.5-

Normalized UFC

n=10

1
sst2

ssth

Somatotroph
2.0q adenomas
n=1
1.5+ 0
1.0+
0.54
-
0.0 T
sst2 ssth

van der Pas et al. JCEM 2013



Sst, and sst: protein expression
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Conclusions

 Medical treatment of CD is indicated when surgery is not
successful or not feasible and should aim to induce complete
biochemical remission

« In patients with moderate to severe hypercortisolism combination
therapy is often needed to control cortisol excess

« Somatostatin and dopamine receptors are co-expressed by the
majority of corticotroph adenomas

« Combined targeting of somatostatin and dopamine receptors may
have synergistic effects in suppressing ACTH production
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Conclusions

« Cortisol-mediated sst, down-regulation may be reversed via:
 cortisol-lowering therapy

» glucocorticoid receptor antagonizing therapy

« Sequential or simultaneous treatment with adrenal blocking drugs
(or mifepristone) may enhance the ACTH-lowering potential of
pasireotide or even of sst,-preferring somatostatin analogs

* Future studies should explore the optimal order and combination
of medical treatment modalities for CD
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