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INSUFFICIENZA 

CORTICOSURRENALICA

PRIMARIA

Arlt W. Allolio B. Lancet 2003

Charmandari et al, Lancet 2014

TERAPIA SOSTITUTIVA CON GLUCOCORTICOIDI

SECONDARIA

TERZIARIA

SCHEMI DI TERAPIA

MANTENIMENTO STRESS MINORI STRESS MAGGIORI

EDUCAZIONE DEL PAZIENTE E DEI FAMILIARI



SCHEMA DI TRATTAMENTO

1. Terapia per la deficienza di glucocorticoidi

Cortisone acetato 25–37·5 mg die (BID-TID) 

Idrocortisone  15–25 mg die (BID-TID)

Steroide Dose equivalente 

(mg)

Potenza relativa 

anti-

infiammatoria

Potenza relativa 

mineralcorticoidea

Emivita 

plasmatica (h)

Emivita 

biologica (h)

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 3.5-4 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

IDROCORTISONE: farmaco di prima scelta

11
• Ormone biologicamente attivo: 

idrossilazione in posizione 11

• Concentrazione plasmatica: 

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%

• Assorbimento intestinale ad opera della 
glicoproteina P

Farmaci che  aumentano i livelli di 

CBG e che possono falsamente 

elevare i livelli  di cortisolo

Estrogeni

Mitotane



IDROCORTISONE

• La fase I del metabolismo 

dell’idrocortisone è epatica 

(citocromo CYP3A4, isoenzima del 

citocromo P450): 

Riduzione e Ossidazione

• La fase II: glucuronidazione e rilascio 

nel circolo enteroepatico ed eliminato 

tramite il circolo ematico per via 

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

30%)

Farmaci che accelerano il metabolismo 

mediante induzione del CYP3A4

Fenobarbitale

Fenitoina

Carbamazepina

Primidone

Rifampicina

Etosuccimide

Pioglitazone

Farmaci che riducono il metabolismo 

mediante inibizione del CYP3A4

Itraconazolo

Ritonavir

Fluoxetina

Diltiazem

Cimetidina



Variazioni sul tema



CORTISONE ACETATO

PRO FARMACO

Biologicamente attivo solo dopo idrossilazione nel fegato: l’80% è 
trasformato in cortisolo ad opera della 11β-HSD1 con perdita di circa 1/5 
della dose efficace

Segue la stessa via di metabolizzazione dell’idrocortisone

CORTISONE ACETATO versus IDROCORTISONE

• Minore attività glucocorticoide e relativa mineralcorticoide

• Picco di massima concentrazione plasmatica ridotto

• Insufficienza epatica: bassa idrossilazione nel fegato

• Deficit di 11β-HSD1: impossibile attivare il cortisone (molto rara)

• Sostanze endogene ed esogene (acidi biliari, carbenoxolone, 
liquirizia) possono inibirne l’attività



ALTRI GLUCOCORTICOIDI

• RITMO CIRCADIANO NON RISPETTATO

• AUMENTO DEGLI EFFETTI COLLATERALI

Steroide Dose 

equivalente 

(mg)

Potenza relativa 

anti-

infiammatoria

Potenza relativa 

mineralcorticoidea

Emivita 

plasmatica (h)

Emivita 

biologica (h)

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







Terapia sostitutiva convenzionale con glucocorticoidi

Ridotto

benessere

e qualità percepita

della vita

Mortalità

prematura

Ridotta
densità minerale

ossea

Alterato

profilo 

metabolico

Steatosi epatica

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;  Lövås et al EJE 2009

Alta frequenza di 

ospedalizzazioni/

infezioni

“Infection was the death cause in 10% (5.1– 14.9) 

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



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

• Riduzione dell’aspettatitiva di vita e di QoL, aumento della morbidità

• 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



90 PZ:  57 PAI   (42 F)

33 CAH  (21 F)

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)



Modification of GC replacement should be 

undertaken with care 

Peak M Mah Clinical Endocrinology 2004;61:367–375.

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



0 20
mg/m2/die

8-10

under-exposure adequate glucocorticoid replacement

androgens

suppression

negative effects on growth

15 17

over-exposure

Dosage titration

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

and Metabolism 2015

safe



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

metabolism 2018

Novel strategies for dosage titration
the “old”….

the “new”





NUOVE STRATEGIE TERAPEUTICHE

Dual-release hydrocortisone preparations

Rivestimento esterno

Nucleo centrale
Ø 8 mm

LI=liberazione 

Immediata

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 è 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



Clock time  06.00 12.00 18.00 24.0000.00

0

200

400

600

800 Immediate release 

hydrocortisone tablet

Dual-release HC tablet  

Improved Serum Cortisol Profile

with Dual-Release HC tablet

0-24 h
(8 AM-8 
AM)

Total exposure 19% 
lower on Dual-release 
than TID

0-4 h
(8 AM-
12.00)

Morning exposure 6% 
higher on Dual-
release than TID

4-12 h
(12.00-8 
PM)

Afternoon and early 
evening exposure 
38% lower on Dual-
release than TID

12-24 h
(8 PM-
8AM)

Night exposure 41% 
lower on Dual-release 
than TID

Cortisol conc. (nM)

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



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

Circadian rhythm of cortisol

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



Il ritmo distingue gli esseri animati





Frequenza eventi infettivi minori

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 

2Università Federico II, Naples, Italy

Spontaneous non-sponsored trial 

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



AI6



Diapositiva 26

AI6 Quando metti le slided con i titoli.: le affiliazioni non servono! mentre serve l'anno di publicazione e il numero..... di quand'è è 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



Endocr Rev. 2015;36(3):289-304Isidori et al. Lancet Diabetes Endocrinol. 2018 Mar;6(3):173-185.



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



Shift timing of GC replacement affect circulating 

monocytes and NK cells in AI patients

Calssical (inflammatory)

Monocytes

% of CD16+  NK cells

Once-daily

Multiple-daily

Isidori et al. Lancet 

Diabetes Endocrinol. 

2018 Mar;6(3):173-185.



Time courses of NK cells exclude cell recirculation

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

2017

Isidori unpublished results



Correlation 

between immune 

changes and 

infection score

Isidori - Venneri et al. The 

Lancet. Diabetes & 

Endocrinology, 2017



Total PBMCs

Sorted by cell type:

- Lympho

- Mono

Pooled patients

by treatment group

Individually 

analysed 

Patients

PCR amplification in Real time PCR array 

predesigned 96-well panel for use with SYBR® 

Green Circadian rhythms (SAB Target List) H96



Heat map of the transcriptome at baseline 



Clock gene group CREB signaling gene group 

Transcription gene group Other Circadian Related

19 genes displayed a statistically different level of 

expression in PBMCs drawn from healthy vs AI subjects 



Impact of switching glucocorticoids replacement therapy

12-weeks post

treatment switch:

multiple → once 

daily glucocorticoid 

administration



***

Differentially modulated genes in all groups at 

baseline and after treatment

PER3 plays an interesting role in

adipogenesis homeostasis by

regulating Klf15, a pivotal gene

in adipocyte differentiation.

Aggarwal  et al Cell Rep. 2017



Differentially modulated genes in all groups at 

baseline and after treatment

***

Perforin forms membrane pores that 
allow the release of granzymes and 
subsequent cytolysis of target cells. 

PRF1 deficiency -> IMMUNE DEFECT



Differentially modulated genes in all groups at 

baseline and after treatment

***

↓ PRF1 → Adipose Tissue Inflammation

↑ PER3 → Impaired Adipogenesis



Differentially modulated genes in all groups at 

baseline and after treatment

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

**



J Clin Endocrinol Metab, August 2018, 103(8):2998–
3009

Resetting the expression (↑↓) 

of 9.00 AM clock-related genes 

correlates with the improvement 

in clinical outcomes (metabolism, 

inflammation, infections).



Perspectives: toward better Chronopharmacology



Non-physiological cortisol replacement in 

adrenal insufficiency 

Peak M Mah Clinical Endocrinology 2004;61:367–375.

The non-physiological circadian profile rather than the 

dose could be the major explanation for the AI outcome

Frequent

Abnormal

RE-SYNC ? ! ?

Immediate release HC (TID) in patients with AI does 

not mimick cortisol rhythm by giving multiple peaks and nadirs



Single Pulse GC

Immune cell 

oscillation

Multiple Pulses GC

Immune cell oscillation

In-phase amplified 

oscillation

Out-phase disrupted 

oscillation

Fixing the broken clock?

J Clin Endocrinol Metab, September 2018, 103(9):3511–
3513



COSA BISOGNA SAPERE SUL PLENADREN

Per il passaggio da terapia convenzionale a plenadren   è di aiuto

l’applicazione CORTICONVERTER

Nella pratica clinica il passaggio da Idrocortisone BID o TID

a plenadren prevede lo stesso dosaggio

A causa della minore biodisponibilità del plenadren bisogna 

monitorare sempre la risposta clinica ed eventualmente 

personalizzare la dose

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



COSA BISOGNA SAPERE SUL PLENADREN

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



Clinical situation Standard GC MRHC

Pros Cons Pros Cons
Young patients with PAI Readily available

The dose can be finely adjusted

Potential risks from long term 

effects of overtreatment and 

reduced adherence to 

treatment with multiple daily 

doses

Time gain

Better adherence to treatment

Improved QoL 

Prevention of some metabolic and 

cardio-vascular comorbidities

Cost

Tablets in fixed doses (5 and 20 

mg)

Young patients with PAI associated with type 1

diabetes

Potential risks from long term 

effects of overtreatment and 

reduced adherence to 

treatment with multiple daily 

doses

Trials show improved HbA1C in 

type 1 diabetes

Better adherence to treatment 

Improved QoL

Cost

Tablets in fixed doses (5 and 20 

mg)

Elderly patients with PAI 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

Better adherence to treatment Elderly patients who are stable 

and satisfied with their 

treatment should not be 

switched to MRHC, except in the 

presence of specific unmet 

needs

SAI and other pituitary gland deficiencies

treated for less than one year with GCs

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 AI

Time gain

Better adherence to treatment

Improved QoL 

Prevention of some metabolic and 

cardio-vascular comorbidities

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

SAI and 1 or more pituitary gland deficiencies

treated for more than one year (?) with GCs

Low adherence to multiple 

treatment schedules

Better adherence to multiple 

treatment schedules

SAI and good control with low-medium doses

of GCs (e.g. a single morning dose)

Immediate release HC or CA is 

indicated, given the single daily 

dose

Not indicated due to risks 

associated with excessive doses

Primary, secondary AI requiring high doses of

GCs (35-40 mg )

Most indicated treatment, given 

the lower costs

Not indicated, given the higher 

costs and dose-titration 

difficulties

Rare diseases and syndromes associated with

AI, such as familial GC deficiencies, triple-A

(Allgrove) syndrome and congenital adrenal

hyperplasia

Not recommended, 

considering the comorbidities 

and long-term multiple 

treatment schedules 

Better adherence to long-term 

multiple treatments

Special populations (poor glycaemic control

and/or intestinal absorption associated with AI)

Not recommended, 

considering the long-term 

multiple treatment schedules 

and absorption problems 

Better long-term adherence and 

efficacy: propose trying MRHC





(a)

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

dexamethasone- suppressed healthy male volunteers.

DIURF-006

Dose–response of DIURF-006; 5, 10 and 20 mg

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.

Modified-release hydrocortisone tablet to provide circadian profile

Migliore esposizione

sistemica al cortisolo

nelle prime ore notturne



• 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





KIT DI EMERGENZA



KIT DI EMERGENZA



KIT DI EMERGENZA
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