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m Combined therapy: when and which one?

_ ..combined therapy ?

"...Combination therapy or polytherapy is the use of more
than one medication or other therapy.

Typically, these terms refer to using multiple therapiesi to
treat a single disease, and often all the therapies are
pharmaceutical”
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A - Combined therapy: when and which one?

Diagnosis of Cushing disease established

l

Transsphenoidal pituitary surgery

l

If in remission,
monitor for relapse

l

If recurrent or persistent
Cushing disease present

l

Consider second
pituitary surgery

i

If recurrent or persistent Cushing disease present

/

|

N\

Consider radiation therapy
with interim medical therapy

Consider medical therapy

Consider bilateral
adrenalectomy

Nicholas A. Tritos, Beverly M. K. Biller and Brooke Swearingen
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3™ Combined therapy: when and which one?

o]

Pituitary Surgery Prefreatment i 3 j Gl Medical Therapy

85 appropriate &8 appropriate

! Successful : I Failed Control of CD Adverse events
surgery : I surgery achieved or
T Tt Persistent Hypercortisolemia

Reconfirmation of
Cushing's Dissase

Monitor 1"
patient

Potential . Alternative
recurrence ' Medical Therapy

Radiation

Maria Fleseriu
Neurosurg Clin N Am 23 (2012) 653-668
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A - Combined therapy: when and which one?

Table 1

A Glucocorticoid receptor blocker
(act to block effects of hypercortisolemia)

A summary of drugs, commercially available and under clinical investigation

Mifepristone

Modulate ACTH (act at the tumor level to
modulate ACTH release)

Somatostatin receptor ligands:

e Pasireotide-SOM 230

e Octreotide

Dopamine agonists

e Cabergoline

¢ Bromocriptine

Other agents tried but not uniformly effective
¢ GABA agonists

¢ Valproic acid

¢ Serotonin antagonists

¢ PPAR gamma

In vitro/animal models

e Alpha 1 adrenergic receptor antagonist
¢ Retinoic acid

e EGFR inhibitors

Inhibitors of steroidogenesis
(blockage of adrenal enzymes implicated
in cortisol synthesis)

Ketoconazole
Mitotane (approved in Europe)
Etomidate
Metyrapone
Ketoconazole + Metyrapone + Etomidate
Aminoglutethimide (no longer available)
e Trilostane (no longer available)
In clinical trials
e LCI (www.clinicaltrials.gov)

Combination therapy using drugs from
different groups

e Pasireotide + Cabergoline + Ketoconazole
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Box 1
Clinical practice

Data from references.

Ketoconazole at a dose of 200 mg two or
three times daily, and check liver function
and 24-hour UFC within 1 week.

If clinical signs of adrenal insufficiency,
measure morning cortisol as soon as possible,
stop drug for 1 day. Start replacement gluco-
corticoids if needed.

If UFC still high, increase to 400 mg twice
daily.

If not well tolerated or no effect in 2 to 3
months, switch to a different drug.

Consider possible combination therapy.

6,25,33,44

Biller, B. M. et al. Treatment of
adrenocortic in-dependent Cushing’'s
) onsensus statement. J. Clin
Endocrinol. Metab. 93, 2454-2462 (2008).
Bochicchio, D., Losa, M. & Buchfelder, M.
FdCh rs |r|ﬂur='r'|:J|l|'CF the immediate dﬂd late

by the European Cushing's Disea

Group. J. Clin. Endocrinol. Metab. 80,

. Trainer, P 1. et al. Transsphenoidal resection in

Cushing’'s dl‘?.E-a‘SE-: undp’re::’rahle sarum cortisol

601-610 (2010)
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m Combined therapy: when and which one?

Steroidogenesis inhibitors

Cortisol levels reduction
No effect on pituitary mass

‘—» increase in ACTH secretion
‘—vpossible escape

secondary failure
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These limitations of monotherapy can
addressed by combining ketoconazole with
nhibitors in the following
onazole 250
mg thr :
daily, if needed; second, the 11P-hydroxylase

inhibitor metyrapone 250 mg three times daily,
ing to a total of r day if needed (while
eased ACTH secretion leadi
adrenal androgen and mineralocorti-
coid production, leading, in turn, to hirsutism and
hypertension); third, mg aminoglutethimide
i ily, which inhibits cholesterol side-
chain cleavage, reducing the excess en and
mineral
ole plus me
of mitotane, an inhibitor of four P45
if a combination of ket ole, metyrapone,
and aminoglutethimide fails to control hyper-
cortisolemia ( Figure 2).
ENDOCRIND
2008 Oct;4(10):560-8
Manish K Aghi

ketoconazole 250-400 mg x 3 daily

g» metyrapone 250 mg - 4 g x 3 daily

aminoglutethimide 250,mg x 3 daily

h? mitotane

Mineralocorticoid Glucocorticoid

Cholesterol side chain

cleavage enzyme 17a-hydroxlase

/ %» 17-OH pregnenolone

17,20 lyase
Dehydroepi-
androsterone

3p-steroid dehydrogenase / 3p-steroid dehydrogenase, 3p-steroid dehydrogenas

17a-hydroxlase

#—* 17-OH progesterone

21-hydroxlase

11-Deoxycorticosterone 11-Deoxycortisol

5 %
11-B-hydroxiase / 11-B-hydroxlase///(/;

18-hydroxlase

18-OH-corticosterone

Aldosterone ~°n
synthase )

\
Cortisol ) J/

17,20 lyase

Androsterone

21-hydroxlase

Testosterone

Ketoconazole
Mitotatane
Metyrapone
Aminoglutethimide

Mifepristone
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m Combined therapy: when and which one?

Mitotane, Metyrapone, and Ketoconazole Combination

Therapy as an Alternative to Rescue Adrenalectomy for
Severe ACTH-Dependent Cushing’s Syndrome

PR NS | Clin Endocrinel Metab, September 2011, 96(9):2796-2804

Prospective trial with 11 severe CD patients treated with
mitotane , metyrapone and ketoconazole

= 100000

Mitotane 3-5 g/day

10000

Metyrapone 3 - 4.5 g/day

1000

100

Ketoconazole 400 - 1200 mg/day
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marked clinical improvement and important decrease in UFC
EFE 2014




m Combined therapy: when and which one?

218:3 275-285

n°, N, ‘ ATT20

Mitotane reduces human and mouse
ACTH-secreting pituitary cell
viability and function

Erica Gentilin'~, Federico Tagliati', Massimo Terzolo®, Matteo Zoli*,
Marcello Lapparelli®, Mariella Minoia®, Maria Rosaria Ambrosio”, Ettore C degli Uberti™™
and Maria Chiara Zatelli**

Joumal of Endocrinology
(2013) 218, 275-285

Mitotane directly reduces both
secretory activity and viability of
pituitary ACTH-secreting mouse cells

These data indicate that mitotane could have direct pituitary effects on corticotroph cells.
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m Combined therapy: when and which one?

Hypothalamu’s> .'—-;\\ 3 ] CO m b i n i ng d r‘ ugs

CRH@¢ with complementary

Pituitary @}( ‘L_ Neuromodulators of ACTH rol pharmaCOIOQICGI
\ | SRL's (Pasireotide) mec hanisms
ACTH(#)

| DA’s (Cabergoline)
—y ¢° I — higher chan.ce gf long term
5 hypercortisolism control

- Metyrapone

Mitotane

l | lower drug doses

Peripheral ‘ ° ucocorticoid receptor blocker
tissue

Neurosurg Clin N Am 23 (2012) 653-668
Maria Fleseriu EFE 2014




m Combined therapy: when and which one?

New developments in the medical treatment

of Cushing’s syndrome
R van der Pas, W W de Herder, L J Hofland and R A Feelders

Prospective open-label trial (80 days)

17 patients with CD

treated in a stepwise manner with
pasireotide mono or

: 3 combination therapy with cabergoline and

 either cabergolineor low-dose ketoconazole

pas'ureoﬁde induces
Pasireotide 100 iii X 3 daili

asireotide 250 nug x 3 dail

“monotherapy with a ,

comp lete biochemical X

remission in about

~ 25% of patients” ‘8 Day 10 p

/

Day 28

4

+ Cabergoline 1.5 mg every other day

Day 56 . Ketoconazole 200 mg x 3 daily
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AB. Combined therapy: when and which one?

L ]

Pasireotide Alone or with Cabergoline and Ketoconazole
in Cushing’s Disease

M EMGL ] MED j‘.E?_,l'E.'l MEIM.ORG MAY 13, 20010

Pasireotide—cabergoline—
ketoconazole (n=8)

24-Hr Urinary Free Cortisol (nmol/24 hr)

40 60
; Days

Thus, stepwise medical therapy for Cushing’s
disease with the use of three drugs that differ-
entially target somatostatin-receptor subtype 5
and dopamine-receptor subtype 2 receptors in
the adrenocorticotropin-secreting adenoma and
steroidogenic enzymes in the adrenal cortex re-
sulted in biochemical control in nearly 90% of
pﬂtiEIltS. EFE 2014




m Combined therapy: when and which one?

New developments in the medical treatment

of Cushing’s syndrome

R van der Pas, W W de Herder, L J Hofland and R A Feelders

% Prospective trial (6 months)12 CD patients [CLU> 2 x ULN]
\ treated with cabergoline mono-or

o~ , i\
f'.\ Ty combination therapy with ketoconazole

.‘T*j‘ 4"

Cabergoline 1 mg/week

1“.. (a) rationale for

“combination ’cherapy 15t month
I may be to use lower 1 | e mQ/Wee|k
< dmg dosages in order j 2rd month
E to reduce side effects ofd Cabergoline 3 mg/week
e 2 a 1
_ either agent b 3rd month
. 1 + Ketoconazole 100 mg /day
h
paeniy | + Ketoconazole 2|00 mg /day
th
dhmonth , \otoconazole 300 mg_/day
6t month

+ Ketoconazole 400 mg /day

EFE 2014
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AB. Combined therapy: when and which one?

L ]

Spatients

. Buclic normalized
A After 6 months UFC

Normal range
(10-90 ug/d)

9 10 11 12

Changes in 24 h UFC levels after treatment
with cabergoline

Well tolerated

Vilar et al. 2010 Pituitary 13 123-129
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M Combined therapy: when and which one?

6'patients
normadlized
B Baseline UFC

A After 6 months
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Normal range

(10-90 pg/d)

Patient na.

Changes in 24 h UFC levels after treatment
with cabergoline and ketoconazole

Well tolerated

Vilar et al. 2010 Pituitary 13 123-129 EFE 2014




Combined therapy: when and which one?

No Add Prospective trial (6 months) 14 CD

/ nonnalization j cabergolineat |

/\ammaden\ patients [persistent/recurrent]

/

/’ N 1 / \ - \ .
8 patients Normalization | / \ Normalizahon Contmue d h
5 et : ‘:— -~ of LNSCor [ N of LNSC and —— combination *rea.re WIT
/ Estoconazole \ UFC UEC therapy
/
\\
/ \ Normalization Continue

ofboth | monotherapy cabergoline and then in

14 patients combination with ketoconazole

\ No Add
/nommalization T ketoconazole at |
/ /| mereasing dose '\
\ / /
. |/ Normalization| / \|Nosmatization Contuue [
\ 0 RIS {- — of LNSC or / Y of LNSC and combination keToconaZOle and Then 'n
Cabergoline '\ UFC UFC therapy

| ' combination with cabergoline

\
\

\ Normalization Continue
of both monotherapy

Cabergoline 1-3 mg/week

e | | |

— Ketoconazole 200-600 mg /day.

NO DIFFERENCE
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m Combined therapy: when and which one?

New developments in the medical treatment

of Cushing’s syndrome
R van der Pas, W W de Herder, L J Hofland and R A Feelders

) Prospective trial with 11.severe CD patients

& Nﬁ,‘g; treated with mitotane , metyrapone and

S I ketoconazole

| “combination therapy 4

is indicated when 3 Mitotane 3-5 g/day

' symptomato [ogy

- Vequ'wes rapid reversal |

] Metyrapone 3-4.5 g/day

»

’ of cortisol excess”

Ketoconazole 400 - 1200 mg/day

Kamenicky” J Clin Endocrinol Metab, 2011, 96:2796
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A - Combined therapy: when and which one?

i

24000 —|

6000

4000

2000

24-hour UFC excretion [pg/24h|

rapid decrease in UFC within 24 - 48 h

effective alternative to rescue

bilateral adrenalectomy

_, . . EFE 2014
Kamenicky” J Clin Endocrinol Metab, 2011, 96:2796



m Combined therapy: when and which one?

Predictors of response ?

degree of hypercortisolism at baseline determined
the amount of drugs needed to control cortisol

excess Feelders et al. N Engl J Med 2010;362:19

patients not reaching biochemical remission had
the highest UFC excretion at baseline

Vilar et al. Pituitary 2010;13:123
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Combined therapy: when and which one?

Therapy for the complications of CD

Tatiana Mancini' Therapeutics and Clinical Risk Management 2010:6 505-516
Teresa Porcelli? N
Andrea Giustina?

“Conventional antihypertensive therapy (thiazides, ACE
(@ e LN e o Y | inhibitors, and calcium antagonists are generally considered
as first choice) may be only partially effective”

"..additional therapies, such as calcium and vitamin D

Osteoporosis supplementation and sex hormone replacement in men

or women with hypogonadism, may likely be beneficial”

Venous thromboembolic events thromboprophylaxis

Hypopituitarism in cured CD
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m Combined therapy: when and which one?

WARNINE, |

knowledge of combination
therapy comes largely from
case reports and
small open-label studies
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