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SCHEMA DI TRATTAMENTO

S

Corticonverter i

Betamethasone 0.600 mg
corti Cortisone 25 mg
1. Terapia per la deficienza di glucocorticoidi converter EuuECG——E mg
Fludrocortisone 1.300 mg
Cortisone acetato 25-37-5 mg die (BID-TID) Hydrocortisone (20000 | mg
Idrocortisone 15-25 mg die (BID-TID) iy prachiesions {4000 ] mg
Prednisone 5.000 mg
Triamcinolone 4.000 mg
Steroide Dose equivalente | Potenza relativa Potenza relativa Emivita Emivita
(mg) anti- mineralcorticoidea | plasmatica (h) biologica (h)
inflammatoria
Cortisone acetato 25 0.8 2 0.5 8-12
Idrocortisone 20 1 2 1.5-2 8-12
- Metilprednisolone 4 5 0 1.5-3 18-36
Prednisone 5 4 1 1 18-36
Prednisolone 5 4 1 2-3.5 18-36
Triamcinolone 4 5 0 3.54 18-36
Betametasone 0.6-0.75 20-30 0 5.5 36-54
Desametasone 0.75 20-30 0 2-3.5 36-54




@ TERAPIA CONVENZIONALE CON GLUCOCORTICOIDI

. e d i CH, OH
IDROCORTISONE: farmaco di prima scelta | """ |
C=0
e Ormone biologicamente attivo: ETE » >
idrossilazione in posizione 11
 Concentrazione plasmatica: 0

picco dopo 1 ora dalla somministrazione;

dosabile nel sangue per circa 2 ore;

i suoi metaboliti sono misurabili fino a 4-7
ore

 Legato a proteine per circa il 90% (CBG e
albumina) Forma attiva 5-10%

e Assorbimento intestinale ad opera della
glicoproteina P

Estrogeni

Mitotane



Idrocortisone CH, OH

@ IDROCORTISONE NP

Hz C

0

dell’idrocortisone e epatica

Fenobarbitale

(citocromo CYP3A4, isoenzima del

citocromo P450): Fenitoina

Carbamazepina

Riduzione e Ossidazione o
Primidone

e Lafase ll: glucuronidazione e rilascio Rifampicina
nel circolo enteroepatico ed eliminato soaued e
tramite il circolo ematico per via Pioglitazone

renale (70-80%) e parte nelle feci (20-
0% e ——cr—

Itraconazolo

Ritonavir
Fluoxetina
Diltiazem

Cimetidina



| HC 20 mg®

Variaz

ioni sul tema

[ ap® || 20-0 mg in moming (n = 4)

R

(o ] -

—

—

[ mo | o

—

| 10-0 mg in morning; 10-0 mg at midday (n = 74)

I 10-0 mg in morning; 10-0 mg in afternoon (n = 25)

[ 10-0 mg in morning; 10-0 mg in evening (n = 14)

[ 12-5 mg in morning; 7-5 mg in afternoon (n = 2)

[ 15-0 mg in morning; 5-0 mg at midday (n = 35)

| 15-0 mg in morning; 5-0 mg in afternoon (n = 25)

[ 15-0 mg in morning; 5-0 mg in evening (n = 12)

| 10-0 mg in morning; 5-:0 mg at midday; 5-0 mg in afternoon (n = 71)

| 10-0 mg in morning; 5-0 mg at midday; 5-0 mg in evening (n = 116)

| 10-0 mg in morning; 7-5 mg at midday; 2-5 mg in afternoon (n = 2)

| 10-0 mg in morning; 5-0 mg in afternoon; 5-0 mg in evening (n = 11)

[ 10-0 mg in morning; 5-:0 mg in afternoon; 5-0 mg at bedtime (n = 5)

| 12-5 mg in morning; 5-0 mg at midday; 2-5 mg in afternoon (n = 5)

10-0 mg in morning; 5-:0 mg at midday; 2-5 mg in afternoon;
2-5 mg in evening (n = 1)




CORTISONE ACETATO
PRO FARMACO

Biologicamente attivo solo dopo idrossilazione nel fegato: I'80% e
trasformato in cortisolo ad opera della 11B-HSD1 con perdita di circa 1/5
della dose efficace

Segue la stessa via di metabolizzazione dell’idrocortisone

CORTISONE ACETATO versus IDROCORTISONE

 Minore attivita glucocorticoide e relativa mineralcorticoide

* Picco di massima concentrazione plasmatica ridotto

* Insufficienza epatica: bassa idrossilazione nel fegato

o Deficit di 11B-HSD1: impossibile attivare il cortisone (molto rara)

e Sostanze endogene ed esogene (acidi biliari, carbenoxolone,
liquirizia) possono inibirne I'attivita




ALTRI GLUCOCORTICOIDI

. RITMO CIRCADIANO NON RISPETTATO

. AUMENTO DEGLI EFFETTI COLLATERALI

Steroide Dose Potenza relativa Potenza relativa Emivita Emivita
equivalente anti- mineralcorticoidea | plasmatica (h) biologica (h)
(mg) inflammatoria
Metilprednisolone 4 5 0 1.5-3 18-36
Prednisone 5 4 1 1 18-36
Prednisolone 5 4 1 2-3.5 18-36
Betametasone 0.6-0.75 20-30 0 5.5 36-54
Desametasone 0.75 20-30 0 2-3.5 36-54

3.3 As an alternative to hydrocortisone, we suggest us-
ing prednisolone (3-5 mg/d), administered orally once or
twice daily, especially in patients with reduced compli-
ance. (2[BO00)

Bornstein (chair) et al  Guidelines on Primary Adrenal Insufficiency J Clin Endocrinol Metab, February 2016,
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Terapia sostitutiva convenzionale con glucocorticoidi

1111

Mortalita Alta frequenza di Ridotto Alterato Bi‘dot_ta
prematura ospedalizzazioni/ benessere profilo densita minerale
infezioni e qualita percepita metabolico ossea

della vita . .
Steatosi epatica

OE Cause of death*

Dementia
Gential and urlnar}f Trae) d!sease 5122 Sudden death or unspecified causes
Kidney disease [[] Females
Lung disease_ [ Males 131206  All infectious diseases
Diabetes mellitus =24
Gastrointestinal disease =0 10/1.06  Brain cancer
Sudden death === ! .
Jriteiction ] 1/291  Prostate cancer ———
——————— ]
Cancer_% 7/5.51 Lung cancer " *
Addisons disease - :
Cardiovascular disease . 1 7/8.94  Cancer in Digestive organs r—+—
0% 5% 10% 15% 20 % 25 % 30 % 35% 40%
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

“Infection was the death cause in 10% (5.1- 14.9) SR (35% C1

opposed to 6.0% in the general population.”

Erichsen MM et al. - Mortality in Addison’s disease - European Journal of Endocrinology (2009)
Burman et al - Deaths Among Adult Patients with Hypopituitarism -J Clin Endocrinol Metab 2013
Bergthorsdottir et al. JCEM 2006, Smans LCCJ et al. ECE 2011, Hahner et al. JCEM 2007

Filipsson et al. JCEM 2007, Zelissen et al. Ann Intern Med 1994; Lovas et al EJE 2009



(Ainical Endocrinnlegy (2015) 82, 2-11 dod: 11111 cen. 1 2603

REVIEW ARTICLE

Adrenal insufficiency: review of clinical outcomes with current
glucocorticoid replacement therapy

Gudmundur Johannsson*, Alberto Falornit, Stanke Skrtict &, Hans Lennernasy, Marcus Quinkler**,
John P. Monsontt and Paul M. 5tewartit

Piu’di 40 anni per dimostrare gli effetti collaterali della terapia sostitutiva

Riduzione dell’aspettatitiva di vita e di QoL, aumento della morbidita

Rischio di crisi surrenaliche associate ad infezioni ed altri stress

Rischio di sovradosaggio e fallimento nella gestione complessiva del paziente

NUOVE STRATEGIE TERAPEUTICHE

/ RIDURRE LA DOSE

MODIFICARE LA MODALITA’
DI SOMMINISTRAZIONE




Reduction in daily hydrocortisone dose improves
bone health in primary adrenal insufficiency

Julia Schulz', Kathrin R Frey”, Mark 5 Cooper’, Kathrin Zopf', Manfred Ventz",
Sven Diederich® and Marcus Quinkler™®

90 PZ: 57 PAl (42F)
33 CAH (21F)
Divisi in 3 gruppi: 1) Non modifiche della dose di HC (N=50)
2) Aumento della dose di HC (N=13)
3) Diminuzione della dose di HC (N=27)

Table 3 Clinical data and bone mineral density (BMD) at baseline and follow-up after 28.7 £5.6 months depending on change in
daily HC equivalent dose at follow-up in patients with primary adrenal insufficiency (PAl) or congenital adrenal hyperplasia (CAH),

e
HC equivalent dose unchanged HC equivalent dese increased HEC egquivalent dose decne ased

Bl i Folkow-ap Baselme Follonw-1ip Easeline Fal bow-up

n (PAVCAH) 50 (3813 50 (3812) 13 (6/7) 13 (6/T) 27 (13114) 77 (13/14)
Sex (malaifenale) 1535 1535 2710 10 W18 W18

Age (year) 529+15.1 5524152 3871327 M2+129%° 444+128B 46B=12.8%
BMI (kg/m”) 26.8+41 26.8+4.1 2224207 BI2F 26.7+5.7 27.1+59
Duration of disease {year) 203145 22+144% 254123 77122 24.4+142  265+14.2%
Daily HC-equivalent dose (mg) 25.2+8.2 25.2+8.2 18721037 259=12.0¢ 30.8-8.5 21.4+7.2%
GC-dose per body surface (mg/m®) 139+4.4 13.9+4.4 118+759 62+02* 17.3+5.7 11B£4.1*
Calcium (2.15-2.65 mmaold) 232401 240+0.1* 230+01 247+0a* 232+01 2.41+0.1%8
Phosphorus (0.8-1.5 mmal/l 0.93+0.2 0.91=0.2 08802 0.94=02 096 =0.2 0.97 0.2
Alkaline phosphatase (35-104 /1) 57.8+13.7 6&0.5+157 5Z6+129 553+17.2 60.1+218 S57.7+16.7
Parathyroid hormone (11-67 pg/ml) 350+204 3551152 41B+227 A73L559 36.1+£234 3344128
25-hydroxyvitamin Dy (50-250 nmol/) 61.5+21.3 EF.5+£252* 56.1+251 746347 S56.7+194 TFEI+243*
Z-score lumbar spine (L1-Ld4) 0.19+12 012£1.2 024+1.1 032+13 083£1.2 0.65+1.5%
Z-srore femoral neck ~0.02+1.2 001£1.2 0.15+1.1  =037+10% 058+0.9 0.50+1.0
Z-score greater trochanter 01112 0.10+£1.3 004+10 017+10 D25+1.0 0.14+11
Z-wore total hip 0.00+1.1 0.01+1.1 0.16+07 0.34+06 0A40+1.0 0.28+1.0%

Faoons repreent sge and gender-ad]usted 505, Meanst <o, *P <0000 v bazeline, "P0005 vs 'dese unchanged' baseline, "P<0.05 vs ' dode unchanged’

fosl et st 3P0U05 i baad ifes.



@ Modification of GC replacement should be
undertaken with care

Attempt to reduce AUC of GC exposure by reducing the peak dose might expose
the risk toward immune system overreaction and/or chronic inflammatory state
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Peak M Mah Clinical Endocrinology 2004;61:367—-375.



Dosage titration

under-exposure adequate glucocorticoid replacement over-exposure

mg/m?/die

0 15

1

negative effects on growth

safe

androgens
suppression

Webb EA et al, Current and novel approaches to children and young people with CAH and Al. Best practice and Research Clinical Endocrinology
and Metabolism 2015



Novel strategies for dosage titration
the “old”....

Empty first capsule (2mg) onto spoon  Empty second capsule (0.5mg) onto spoon

« ”
the “new Give complete dose (2.5mg) to child following
administration instructions

Box 1. Drug summary.

Drug name Hydrocortisone

Pleotropic effects through activation of the glucocorticoid receptor in

kindi 5 mg granuli in capsule da aprire multiple tissues.

Route of administration Oral

Pivotal trial(s) Infacort 003 Single-arm pharmacokinetic study of drug in
children aged from birth to 6 years with adrenal insufficiency. To our 100.00
knowledge, this is the first published interventional pharmacokinetic study in
this age and patient group.

|
Al

wwwwww
0.0¢

Phase IV S
R . , Indication Replacement therapy of adrenal insufficiency in infants, children, =
Alkindi 0,5 mg granuli in capsule da aprire and adolescents (from birth to <18 years old). g
Alkindi | mg granuli in capsule da aprire Pharmacology description/mechanism of action 3
;e s ; Synthetic form of naturally occurring glucocorticoid hormone cortisol. t
Alkindi 2 mg granuli in capsule da aprire 8

=g (.5mg === 2mg Smg 10mg ==y 10mg HC tablet

Porter J et al, Immediate release granule formulation of HC, Alkindi, for treatment of pediatric Al. Expert review of endocrinology and
metabolism 2018






@ NUOVE STRATEGIE TERAPEUTICHE

_ |
Plenadren 5mg Plenadren FITTT]
Dual-release hydrocortisone preparations = =

Rivestimento esterno
Nucleo centrale

@8 mm

" ‘IT=liberazione

mmediata. -

LL= Liberazione

Lenta .

G. Johannsson et al 2012
A.Falorni et al 2013

Unica somministrazione giornaliera
per os la mattina al risveglio

La compressa non é divisibile e non
deve subire alterazioni chimico-fisiche

Dose di mantenimento 20-30 mg

Dosaggio inferiore in pz con una
minima quota di cortisolo endogeno

40 mg dose massima studiata




Improved Serum Cortisol Profile
with Dual-Release HC tablet

Cortisol conc. (nM)
=== Dual-release HC tablet

8007 — - Immediate release
i hydrocortisone tablet
0-24 h Total exposure 19%
600+ (8 AM-8 lower on Dual-release
AM) than TID
7 0-4 h Morning exposure 6%
(8 AM- higher on Dual-
400+ 12.00) release than TID
| | 4-12 h Afternoon and early
] (12.00-8 evening exposure
PM) 38% lower on Dual-
200+ release than TID
_ N 12-24 h Night exposure 41%
N (8 PM- lower on Dual-release
e e r = TZ}M) than TID
0 L L L I L L A I L L L
00.00 06.00 12.00 18.00 24.00 Clock time

Johannsson G et al. J Clin Endocrinol Metab 2012;97:473-481



Circadian rhythm of cortisol

240

20.0 1

Acrophase: 0832h
(0759h — 0905 h)

T !
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O 8.0 Madir: 0018h
; (2339h — 0058h) / o
|
------n------rh-rr------------r-rr--- TEE ST TETEEA ST T ...
40- \ N
B i
—— MESOR: 5.2 mcg/dL

m——— (4.7 -5.7)

T L] T

Clock time

Circadian rhythm of cortisol in 33 individuals with 20-minute cortisol profiling

2223241 2 3 4 5 6 7 8 9 10111213 14 1516 17 18 19 20 21

Chan S & De Bono M. Replication of cortisol circadian rhythm: new advances in hydrocortisone replacement therapyTher Adv Endocrinol Metab(2010) 1(3)



TOWARD THE TAILORING OF GLUCOCORTICOID REPLACEMENT IN ADRENAL
INSUFFICIENCY: THE ITALIAN SOCIETY OF ENDOCRINOLOGY EXPERT OPINION

1000

700

Prednisolone concentration (mcg/L)

Cortisol concentration (nmol/L)

200 |----- S e

HCTID CHRONOCORT BID
PLENOD sssescsecss PRED OD



Il ritmo distingue gli esseri animati

ECG trace of a patient with a nermal heart rlrythm

ECG trace of a patient in VF (Ventnicular Fibrillation)
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Frequenza eventi infettivi minori

A
baseline
601
Bl Controls
B od-MRHC
40- 0 md-CG

Frequency (%)

) ‘_‘ i I_|
0— ﬂ_-
b2 o o
u’c’ o° A ]

2l
[7"5

score

Isidori - Venneri et al. The
Lancet. Diabetes &
Endocrinology, 2017



@  The DREAM trial - NCT02277587

Dual RElease Hydrocortisone Versus
conventionAl Glucocorticoid replaceMent
Therapy in Hypocortisolism

MCEL: molecular and cellular endocrinology lab,
1Sapienza University of Rome, Rome, Italy
2Universita Federico Il, Naples, Italy

Spontaneous non-sponsored trial

Isidori et al. Lancet Diabetes Endocrinol. 2018 Mar;6(3):173-185.



Articles

Effect of once-daily, modified-release hydrocortisone versus "k

standard glucocorticoid therapy on metabolism and innate
immunity in patients with adrenal insufficiency (DREAM):
a single-blind, randomised controlled trial

CrossMark

Andrea M Isidori*, Mary Anna Venneri*, Chiara Graziadio, Chiara Simeoli, Daniela Fiore, Valeria Hasenmajer, Emilia Sbardella, Daniele Gianfrilli,
Carlotta Pozza, Patrizio Pasqualetti, Stefania Morrone, Angela Santoni, Fabio Naro, Annamaria Colao, Rosario Pivonello, Andrea Lenzi

Summary

Background Conventional treatment of patients with adrenal insufficiency involves administration of glucocorticoids
multiple times a day and has been associated with weight gain and metabolic impairment. The optimal glucocorticoid
replacement therapy for these patients is highly debated because of the scarcity of evidence from randomised trials.
We aimed to establish whether the timing and pharmacokinetics of glucocorticoid replacement therapy affect the
metabolism and immune system of patients with adrenal insufficiency.

Lancet Diabetes Endocrinol 2017
Published Online

December 8, 2007
http://dx.doi.org/10.1016/
52213-8587(17)30398-4

See Online/Comment
http:/idx.doi.org/10.1016/
52213-B587(17)30431-X
*Contributed equally

Department of Experimental
Madicine (Denf A M lcidne PRD

Methods We did a single-blind randomised controlled trial at two reference university hospitals in Italy. Eligible
patients (aged 18-80 years) with adrenal insufficiency were on conventional glucocorticoid therapy and had been
stable for at least 3 months before enrolment. Patients were randomly assigned (1:1) with a computer-generated
random seanence stratified hv tvne of adrenal inanfficiency and BMT tn continue conventional olucocorticnid theranv

Comment

Turning back the clock on adrenal insufficiency

Glucocorticoids are steroid hormones involved in
the regulation of metabolism, vascular function, and
brain function. Glucocorticoids also have important
regulatory functions in the immune system. Therefore,
synthetic glucocorticoids have been used for decades to
suppress the immune response in various inflammatory
disorders. The main glucocorticoid in human beings is
cortisol, which is secreted from the adrenal cortex under
the regulation of the hypothalamic-pituitary-adrenal
axis.

Mortality and morbidity among patients with primary
adrenal insufficiency (Addison’s disease) was considered
to be normal for decades after hydrocortisone became
available. However, studies' have shown the risk of
mortality to be increased more than twice in various
subgroups of patients with adrenal insufficiency, mainly
due to cardiovascular and infectious diseases. Patients
with primary adrenal insufficiency have not consistently

In the DREAM study, Andrea Isidori and colleagues’
investigate the effect of circadian exposure to cortisol
in patients with primary (n=44) or secondary (n=45)
adrenal insufficiency over 24 weeks. A previous study’
showed that switching from conventional hydro-
cortisone three times a day to once-daily, modified-
release hydrocortisone improved metabolic outcomes.”
The DREAM trial' took this concept further by
investigating the effect on immune function, in addition
to assessing metabolic outcomes. The primary endpoint
of the study was met; the authors observed that
the change in bodyweight was significantly different
between the treatment groups after adjustment for
covariates (-4-0 kg, 95% Cl -6-9 to -1-1; p=0-008).
The metabolic response tended to be greater in patients
with secondary adrenal insufficiency than in those with
primary adrenal insufficiency.

The novel finding from this study is the effect of

Lancet Diabetes Endocrinol 2017
Published Online

December 8, 2017
http://dx.doi.org/10.1016/
$2213-8587(17)30431 X

See Online/Artides
http://dx.doi.org/10,1016/
$2213-8587(17)30398-4
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Z4 ADRENAL DISEASE

Lisa Miiller and Marcus Quinkler

NEWS & VIEWS

Imitating the cortisol profile
improves the immune system

A once-daily, modified-release hydrocortisone medication reduces BMI
and improves glucose metabolism compared with the twice- or
thrice-daily standard hydrocortisone treatment in patients with adrenal
insufficiency. Now, further evidence emerges that changing to

a once-daily, modified-release hydrocortisone medication improves
the immune cell profile and results in fewer infections.

Refers to Isidori, AM. et al. Effect of once-daily. modified-release hydrocortisone versus standard
glucocorticaid therapy on metabolism and innate immunity in patients with adrenal insufficiency (DREAM):

cortisol profile of the commonly used twice-
or thrice-daily standard hydrocortisone
replacement therapy. Changes in the immune
system of patients with adrenal insufficiency
were recently reported, showing reduced
natural killer cell cytotoxicity’; however, the
underlying causes were not found. The only
other data on immune function in patients
with adrenal insufficiency are from stud-
ies investigating dehydroepiandrosterone
(DHEA) replacement, which seemed to have
a positive effect on regulatory T cell levels and
FOXP3 expression in ten patients with pri-
mary adrenal insufficiency”. However, another
study did not find a different natural killer cell
cytotoxicity due to DHEA replacement®,

It is common knowledge that the regularly
used twice- or thrice-daily standard hydrocorti-
sone replacement therapy is non-physiological,
but this is rarely recognized in daily endocri-
nology practice owing to the lack of alterna-

asingle-blind, randomised controlled trial. Lancet Diabetes Endocrinal. hitps://doi.org/10.1016; 13



Diapositiva 26

AI6 Quando metti le slided con i titoli.: le affiliazioni non servono! mentre serve I'anno di publicazione e il numero..... di quand'é & roba recente? e
anche la rivista manca. questo per tutte le slides. ogni slides deve avere sotto ..... per esempio Shimba et al, Nature Immunology. 2015:

46:357.... (ovviamente sono dati messi a caso)....
Andrea Isidori; 12/05/2018



Isidori Venneri et al. The Lancet.
Diabetes & Endocrinology, 2017

110 adrenal insufficient

28 adrenal sufficient
patients screened

subjects screened

15 did not meet inclusion
criteria

3 did not meet
- inclusion criteria
9 refused to participate ust '

89 entered the study and were

25 were allocated to the
randomized to treatment

non-intervention group

46 allocated to od-MRHC

43 allocated to md-GC
Received od-MRCH = 46

Received md-GC =43

Innate immunity Adaptive immunity rY»
+Rapid response +Slow responss Anibaien
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Light
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Sedentary
Lifestyle

| Evolutionary Entrainment Cues ‘

e

¢ Light Temperature

Constant
Ambient
Temperature

Food
Availability

Evolutionary Entrainment Cues ‘

Endocr Rev. 2015;36(3):289-304




Outcome

Adrenally sufficient

Adrenally insufficient

Independent
sample t-test

¢
¢—
—

Number of subjects 25 89 P value
Circulating blood cells ([mean, 95% Cl)

Neutrophils (%)° 58 (55 to 61) 55 (53 to 57) 093
Cell count (n) 3510 (3196 to 3824) 4149 (3669 to 4629) 246
Lymphocytes (%)’ 30 (28 to 32) 34 (32 to 36) 012
Cell count (n) 1852 (1694 to 2011) 2351 (2213 to 2490) 034
Monocytes (%)’ 6.6 (5.8 to 7.4) 6.5 (6.1 to 7.0) 871
Cell count (n) 424 (373 to 474) 476 (442 to 509) 162
Eosinophils (%)’ 2.8 (1.7 to 3.9) 2.3(2.0t0 2.7) 451
Cell count (n) 182 to (102 to 262) 177 (155 to 200) 869
Basophils (%)’ 0.5 (0.4 to 0.7) 0.6 (0.5 to 0.7) 590
Cell count (n) 33 to (26 to 39) 54 (37 to 71) 240
CD14°CD16 (%) (classical) ® 24 (22 to 25) 37 (34 to 40) S0
Cell count (n) 540 (478 10 601) 1052 (947 10 1157) =001
€D14°CD16" (%) (non-classical) ” 3.6(3.1t0 4.0) 4.1(3.6t04.6) —
Cell count (n) 82 (69 to 95) 112 (98 to 126) 002
€D16°CD14 (%)° 11 (10 to 12) 4.8(3.91t05.7) <001
Cell count (n) 250 (213 to 288) 130 (107 to 153) <.001
CD16°NK (CD3CD56°CD16") (%)° 94 (92 to 95) 71 (65t0 76) L
Cell count (n) 228 (201 to 254) 128 (107 to 149) =.001
cD3* (%)° 54 (52 to 56) 54 (51 to 57) 818
Cell count (n) 1212 (1122 to 1302) 1540 (1403 to 1677) <001
cD19" (%)° 8.8 (7.9 to 9.8) 9.6 (8.6 to 10.6) 247
Cell count (n) {001

199 (179 to 219)

281 (240 to 322)

Isidori et al. Lancet Diabetes Endocrinol. 2018 Mar;6(3):173-185.



@ Shift timing of GC replacement affect circulating
monocytes and NK cells in Al patients

Calssical (inflammatory)
Monocytes

% of CD16* NK cells

Isidori et al. Lancet
Diabetes Endocrinol.
2018 Mar;6(3):173-185.

CD14+CD16- (%)

CD3-CD56+CD16+ (%)

504

40

304

20

104

0

Once-daily
s | —@— Controls —@— Switch treatment group
+\+’—’% —@— Standard treatment group

Multiple-daily

1104

1004

0 12 24
Weeks



Time courses of NK cells exclude cell recirculation
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Correlation
between immune
changes and
infection score

baseline
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Bl Controls
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0‘,,;9 I O
A A AN
score

Isidori - Venneri et al. The
Lancet. Diabetes &
Endocrinology, 2017

Delta change in CD16+CD14- (12 week)

Delta Change Infection Score
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@ Circadian Rhythm of Glucocorticoid Administration
Entrains Clock Genes in Immune Cells: A DREAM

Trial Ancillary Study

1. Convert Total RNA to cDMNA.

i/

2. Add cDNA to RT® gPCR Master Mix & Aliquot Mixture Across
PCR Array.

i
sl s bl

- "B = v v

-.-.-‘-"11" ‘B AL

-

3. Run in Your Real-Time PCR Instrument.

o . o | AT, G
4. Data Analysis.
e
1 b= s

(RS-
-

PCR amplification in Real time PCR array
predesigned 96-well panel for use with SYBR®
Green Circadian rhythms (SAB Target List) H96

Pooled patients Sorted by cell type:
_> by treatment group g - Lympho
- Mono
L, Individually
analysed > Total PBMCs
Patients




Heat map of the transcriptome at baseline
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19 genes displayed a statistically different level of

expression in PBMCs drawn from healthy vs Al subjects
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@ Impact of switching glucocorticoids replacement therapy

Controls group Switch treatment group Standard treatment group

12-weeks post
treatment switch:

multiple —» once
daily glucocorticoid
administration




Differentially modulated genes in all groups at
baseline and after treatment

-e- Standard treatment group
-e- Switch treatment group

-~ Controls group

2.0+

-
(&)
1

Relative expression
o -
U

o
o

PER3

Weeks

PER3 plays an interesting role in
adipogenesis homeostasis by
regulating KIf15, a pivotal gene
in adipocyte differentiation.

Aggarwal et al Cell Rep. 2017

Adipocytes

. M‘Il- Kif1 @
@'l E-Box Adiogene@

Circadian clock gene Per3 regulates APCs differentiation

Adipocytes




-o- Standard treatment group
-e- Switch treatment group
Controls group
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Differentially modulated genes in all groups at

baseline and after treatment
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PRF1 deficiency -> IMMUNE DEFECT
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Perforin forms membrane pores that
allow the release of granzymes and
subsequent cytolysis of target cells.



Differentially modulated genes in all groups at
baseline and after treatment

-o- Standard treatment group
-e- Switch treatment group
Controls group
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Differentially modulated genes in all groups at
baseline and after treatment

e~ Standard treatment group Dectin-1 TLR
-e- Switch treatment group
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Weeks

CREB is induced by a variety of growth factors and inflammatory signals; it can
promote anti-inflammatory immune responses, through inhibition of NF-kB,
induction of IL-10, but it is also considered a nutrient-sensing transcriptional
regulatory proteins (with FOXO-p300, PGC-1, and SP1 family members).

Wen A e al. J Immunol 2010



RESEARCH ARTICLE

Table 3. Delta Change Correlation Matrix

4-High-

. " o . u A 4 .
c'm‘_’lan Rhythm of (_ilucocortlcmd Administration Gene A-BMI A-HbA1c Li::pnrum!zin A a4 'nllf?::lsls A-ADAM17¢  1-CD16s”  A-Infections®
Entrains Clock Genes in Immune Cells: A DREAM
Trial Ancillary Study

-0.272 0.394 0.176 X 0.008 0.197 0359 -0.185
0.132 0.038 0352 0970 0393 0.110 0.303
-0.279 0.023 0.023 - - > -0.011 -0.398 -0.252 -0.252
0.122 0.909 0905 . 2 3 0.958 0074 0.270 0.157
-0.294 -0.071 —-0.039 3 . . 0.038 -0.493 —-0.352 -0.182
0.109 0840 X 0857 0.023 0118
0.186 = 0.232 -0.615%
0317 X . X X 0.265
—0.094 . . 0.062
0.609 A . 0.764
0.067 . . -0.081

0.695
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A-ARNTL

A-ARNTL2
Mary Anna Venneri,'* Valeria Hasenmajer,'* Daniela Fiore,” Emilia Sbardella,’
Riccardo Pofi, Chiara Graziadio,' Daniele Gianfrill,' Claudia Pivonello,®
Mariarosaria Negri,® Fabio Naro,* Ashley B. Grossman,’* Andrea Lenzi,’ ALK
Rosario Pivonello,> and Andrea M. Isidori'

A-CAMK2D

A-CREBT

A-CREB3

J Clin Endocrinol Metab, August 2018, 103(8):2998—
3009 A-CSNKTAT

A-CSNKTE

0.683
0.040

A-GuUs8 -0.335
0.061
-0.021
0910
-0.255

A-MAPKT

Resetting the expression (1 !)
of 9.00 AM clock-related genes

A-PER3

correlates with the improvement o

A-MAT2A

A-PRKARTA

in clinical outcomes (metabolism, .
inflammation, infections). somec
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0.738
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-0.011
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Perspectives: toward better Chronopharmacology



@ Non-physiological cortisol replacement in
adrenal insufficiency

Immediate release HC (TID) in patients with Al does
not mimick cortisol rhythm by giving multiple peaks and nadirs

750 rrrrrry

- Day g7,7/ nght,%
3 R I WA/
E P ~ Frequent
= 40700 , - Abnormal
& \! : RE-SYNC? !?
S 300 qi %/ 4
§ :I \\ | . //
5 150 N 7
N }l \l

O I I I I ~I~~
6 10 14 18 22 2 6

24 Clock

The non-physiological circadian profile rather than the
dose could be the major explanation for the Al outcome
Peak M Mah Clinical Endocrinology 2004;61:367—-375.



Single Pulse GC Fixing the broken clock?

Immune cell AT /"
oscillation IR G ifie
oscillation

COMMENTARY

Physiological Glucocorticoid Replacement in Adrenal
Insufficiency: Does It Fix the Broken Clock?

Multiple Pulses GC Matthew R. Brown' and Aleksey V. Matveyenko'-?

'Department of Physiology and Biomedical Engineering, Mayo Clinic School of Medicine, Mayo Clinic,
Rochester, Minnesota 55905; and “Department of Medicine, Division of Endocrinology, Metabolism,
Diabetes, and Nutrition, Mayo Clinic School of Medicine, Mayo Clinic, Rochester, Minnesota 55905

%\ J Clin Endocrinol Metab, September 2018, 103(9):3511—
1
/\ ; /__35 3
Immune cell oscillation Out-phase disruptewJ
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COSA BISOGNA SAPERE SUL PLENADREN

Per il passaggio da terapia convenzionale a plenadren e di aiuto
I'applicazione CORTICONVERTER

Nella pratica clinica il passaggio da Idrocortisone BID o TID
a plenadren prevede lo stesso dosaggio

A causa della minore biodisponibilita del plenadren bisogna
monitorare sempre la risposta clinica ed eventualmente
personalizzare la dose

Plenadren 5mg '

modified-release tabbets!
tablettor med modifierad
frisBiining

trpdroconiusnel Mytmkortisen

Modfod saledris ablet!

tatske e mcchfierad

500 i felease tabbets

S0 nabletier med mod@ersd
fradtaning 1

(=== &)
| Plenadren EIIT]

medhed-relense tablets/
tabilwtner med modiferad
Frisditning

talettet med maoddied

50 mednsd fefoate tablery
50 tabletrer mechmodiberad
Frisdtring -

Nei pazienti affetti da Insufficienza corticosurrenalica secondaria, in trattamento con
altri ormoni, ad esempio GH, la posologia del plenadren non va modificata

In presenza di IPOTIROIDISMO, iniziare prima la terapia con Plenadren e successivamente

con Levotiroxina sodica




MALATTIE INTERCORRENTI

NON sottovalutare il rischio di crisi surrenalica

Raddoppiare il dosaggio di glucocorticoidi in caso di FEBBRE o di
altre patologie, triplicare per temperatura corporea > 39°
assumendo un’altra compressa di Plenadren dopo almeno 8 ore
dalla precedente senza modificare la dose del mattino

*In alternativa somministrare compresse di Idrocortisone a
rilascio immediato

In caso di vomito persistente e/o diarrea bisogna somministrare
Glucocorticoidi per via i.m. o endovena

NON SOTTOVALUTARE MAI LA PRESENZA DI INFEZIONI

A.Falorni et al 2013
G. Johannsson 2015

COSA BISOGNA SAPERE SUL PLENADREN

Plenadren 5mg
modified-releass tablets’

fridtaning

[ &)
' Plenadren EITT]

medEhied-relense 1 ableta)
tabilwtner med modiferad
Frisditning

e




Clinical situation

Young patients with PAI

Young patients with PAI associated with type 1
diabetes

Elderly patients with PAI

SAl and other pituitary gland deficiencies
treated for less than one year with GCs

SAl and 1 or more pituitary gland deficiencies
treated for more than one year (?) with GCs

SAl and good control with low-medium doses
of GCs (e.g. a single morning dose)

Primary, secondary Al requiring high doses of
GCs (35-40 mg )

Rare diseases and syndromes associated with
Al, such as familial GC deficiencies, triple-A
(Allgrove) syndrome and congenital adrenal
hyperplasia

Special populations (poor glycaemic control
and/or intestinal absorption associated with Al)

Pros
Readily available

The dose can be finely adjusted

Better adherence where disease
has been stable for several
years

Multiple doses might not be a
negative point in forgetful
patients, as the effect of
skipping one dose is reduced
The immediate release is easier
to manage, considering the
possibility of frequent dose
adjustment and of stopping GCs
in the event of recovery from
the cause of Al

Immediate release HC or CA is
indicated, given the single daily
dose

Most indicated treatment, given
the lower costs

Cons

Potential risks from long term
effects of overtreatment and
reduced adherence to
treatment with multiple daily
doses

Potential risks from long term
effects of overtreatment and
reduced adherence to
treatment with multiple daily
doses

Low adherence to multiple
treatment schedules

Not recommended,
considering the comorbidities
and long-term multiple
treatment schedules

Not recommended,
considering the long-term
multiple treatment schedules
and absorption problems

Pros
Time gain
Better adherence to treatment

Improved QoL

Prevention of some metabolic and

cardio-vascular comorbidities

Trials show improved HbA1C in
type 1 diabetes

Better adherence to treatment
Improved QoL

Better adherence to treatment

Time gain
Better adherence to treatment
Improved QoL

Prevention of some metabolic and

cardio-vascular comorbidities

Better adherence to multiple
treatment schedules

Better adherence to long-term
multiple treatments

Better long-term adherence and
efficacy: propose trying MRHC

Cons
Cost

Tablets in fixed doses (5 and 20
mg)

Cost

Tablets in fixed doses (5 and 20
mg)

Elderly patients who are stable
and satisfied with their
treatment should not be
switched to MRHC, except in the
presence of specific unmet
needs

The fixed doses of the
commercially available
modified-release preparations
are not compatible with the low-
intermediate dose and frequent
dose adjustments typically
needed by patients with recent-
onset secondary hypopituitarism

Not indicated due to risks
associated with excessive doses

Not indicated, given the higher
costs and dose-titration
difficulties
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Modified-release hydrocortisone tablet to provide circadian profile |

Enteric
coat
Cnnical enaocrimoiogy (2014) 80, 554-561 doi: 10.1111/cen.12316
ORIGINAL ARTICLE Hydrocortisone
layer
An oral multiparticulate, modified-release, hydrocortisone
replacement therapy that provides physiological cortisol
exposure Inert core Sustained

release

Martin J. Whitaker™', Miguel Debonot', Hiep Huatan*, Deborah P. Merke, Wiebke Arlt§ and Richard J. Rosst

Chronocort formulation,DIURF-006,when given as a twice-daily‘toothbrush’ regimen, 20 mg at night (23:00 h) and 10 mg in the morning
(07:00 h) provided cortisol exposure similar to that seen in physiological cortisol levels in a healthy reference population and also to that
seen in dexamethasone-suppressed healthy volunteers after a single dose of 30-mg hydrocortisone.

Twice-daily dosing at 23:00 and 07:00 h with DIURF-006; 20 and 10 mg in

Dose-response of DIURF-006; 5, 10 and 20 mg dexamethasone- suppressed healthy male volunteers.

(a) 16 440 (c) 3 830
14 - :um:g 185 ""‘.\"\ —— DIURF-006
== 20 mg 25 - i Y ==- DIURF-006 10th percentile | gag M - e o
1“ -+~ DIURF-006 90th percentile Mlgllore espos‘z|one

wn
w
S

sistemica al cortisolo
nelle prime ore notturne

=
=
in

Cortisol (pg/dl)
Cortisol (ug/dl)
(I/1owu) josiuod

Cortisol (nmol/l)

275

B R I e o e o o o e o E EEEEEEEE!
2301 2 3 456 7 8 9 10111213 14151617 18 15 20 21 22 23

Time (h) DIURF-006

A Phase 2 Study of Chronocort, a Modified-Release | Clin Endocringl Metab, March 2015, 100(311137-1145
Formulation of Hydrocortisone, in the Treatment of
Adults With Classic Congenital Adrenal Hyperplasia

Ashwini Mallappa, Ninet Sinaii, Parag Kumar, Martin J. Whitaker, Lori-Ann Daley,
Dena Digweed, David I. A. Eckland, Carol Van Ryzin, Lynnette K. MNieman,
Wiebke Arlt, Richard ). Ross, and Deborah P. Merke



Continuous subcutaneous hydrocortisone infusion in Addison’s
disecase

g a i s 1,2 & 1.2
Kristian Levas '~ and Eystein S Husebye

"Division of Endocrinology, Institute of Medicine, University of Bergen, and Jfk:mn'tmmr of Medicine, Haukeland Univwrsity Hospital, 5021 Bergen,
MNorway

European Journal of Endocrinology (2007)

(Correspondence showld be addressed to K Lovas; Email: kristianlovasag med. uib.ne)

Continuous Subcutaneous Hydrocortisone Infusion ~ Continuous Subcutaneous Hydrocortisone Infusion
versus Oral Hydrocortisone Replacement for Therapy in Addison’s Disease: A Randomized,
Treatment of Addison’s Disease: A Randomized A o Sy

Clinical Trial Lucia Gagliardi, Marni A. Nenke, Tilenka R. 1. Thynne, lenny von der Borch,
1 Clin Endoerinal Matab, May 2014, 99(5)-t665-1674 Wayne A. Rankin, David E. Henley, Jane Sorbello, Warrick J. Inder, and David 1. Torpy

Marianne Sksnes, Sigridur Bjornsdottr, Magnus lsaksson, Paal Methlie, i Ciin Endocrinal Metab, Novemnber 2014, 531 154148-4157
Siri Carlsen, Roy M. Milsen, Jan-Erik Broman, Kai Triebner, Clle Kampe,
nna-lena Hulting, Sophie Bensing, Eystein 5. Husebye, and Kristian Lavas

e Microinfusore sottocutaneo: idrocortisone 50mg/ml
(durata 3 giorni)

* 10 mg/m2 per superficie corporea die

. Simulazione della normale secrezione circadiana di
cortisolo

*  Replicando il normale ritmo del cortisolo:

riduzione di ACTH e miglioramento QoL

Costo: pz selezionati in cui non si riesce ad ottenere un
compenso con la tradizionale terapia
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KIT DI EMERGENZA

Pt
KIT CORTISONICO DI EMERGENZA
(PER' IL PAZIENTE CON INSUFFICIENZA

SURRENALICA)

Realizzato dalla

Sezione di Fisiopatologia Medica ed Endocrinologia - Prof. A.M. Isidori
Dipartimento di Medicina Sperimentale - V Clinica Medica

Policlinico Umberto | — Sapienza Universita di Roma

Viale del Policlinico n°155, 00161 Roma




KIT DI EMERGENZA

In emergenza chiamare il 112

ISTRUZIONI PREPARAZIONE INIEZIONE
IDROCORTISONE 100 mg/2 mi

| | e
ISTRUZION! PRt par
Aprire entrambe le fiale i annone mczone
Travasare con la siringa tutto il liquido nella fiala con la polvere * hprié esearbe e

* Triwatane con a unings bui S L
Sciogliere la polvere con il liquido aspirando e riversando il I e 9 ek 1 51 s
contenuto nella fiala con la siringa (circa 3-4 volte) - e sty
: X e ka3 evemiunts bt ars.
Aspirare tutto il contenuto della fiala - E::-::':n':fﬁ'.'m'ﬂ,,": watis
Eliminare dalla siringa eventuali bolle d'aria 10 3 g ¢ dritars e
Disinfettare la cute del gluteo del paziente
Iniettare tutto il farmaco nel gluteo del paziente

Estrarre la siringa e disinfettare la cute

Flebocortid ricer

100 mg/2 ml polvere e solvente
per soluzioni iniettabili,
da nebulizzare o rettale

idrocortisone \ s ot eunmimyaen B e il Flebocontid e

100 me/2 mi golvere € solvente

per soluzioni iniettabili,
da nebulizzare o rettale

idrocortisone
1 fiala polvere + 1 fiala solvente da 2 m SANOF\ \‘j

A bdha g+ 1 il et a2 il SANOF v
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