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In vivo antifungal pharmacodynamic
characterizations

Drug class Time course of activity Pharmacodynamic parameter
Killing PAFE Type Magnitude*
Triazole Static Long AUC; . /MIC 20 - 25
Polyene Cidal Long Peak/MIC 4 (10)
Flucytosine Static Short T>MIC 25%
Echinocandin Cidal Long Peak/MIC 4 (10)
Sordarin NA NA AUC/MIC NA

*to achieve 50% of maximal effect
() maximal efficacy

Andes D, Antimicrob Agents Chemother, 2003, modified
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Structural features of Amphotericin B

Hydrophilic stretch _l

Mycosamine ring

Year launched 1957



Lipid Formulations of Amphotericin B

® liposomal

Amphotericin B lipid complex amphotericin B
1,600-11,000 nm

-,

® amphotericin B
lipid complex

® amphotericin B
colloidal dispersion

Hiemenz JW, et al. Clin Infect Dis. 1996;22(suppl 2):S133-S144.



Pharmacokinetic characteristics of lipid-based
amphotericins compared to deoxycholate

AmB-d ABCD ABLC L-AmB
(1 mg/kq) (3-4 mg/kg) (5 mg/kQ) (3 mg/kq)

C..,(mg/l) 1-2 2.8 1.7 30
t¥% (h) 24 Y. 173 7
vd (I/kg) 2 4 130 0.6

Bellmann R et al., Clinical Advanced in Hematology & Oncology, 2009, mod.



AmBLIp In critically ill patients

Impact on renal function at the end of treatment

Patients Creatinine  Creatinine Cr, — Cr; Percentage P value
initial (Cr)) final (Cr;)  differences of change

All patients, n =122
Mean 0.92 0.96 0.03 33.29 < 0.001
Median 0.65 0.80 0.02 5.37 < 0.001

Cr>15mg/dl,n =16
Mean 2.71 1.96 -1.02 -32.85 0.035
Median 2.40 1.50 -1.08 -44.34 0.035

Cr=1.5 mg/dl, n =106
Mean 0.65 0.85 0.19 43.28 < 0.001
Median 0.60 0.69 0.07 14.87 < 0.001

Alvarez-LermaF et al., Rev Esp Quimioter, 2012
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Relationship between the 24-hour AUC/MIC parameter

and efficacy of four triazoles against Candida in mice
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Andes D, Infect Dis Clin N Am, 2006, mod.



Pharmacokinetic properties of azole agents

Dose

Bioavailability (%)
Plasma C,,., (mg/l)
t% (h)

Protein binding (%)
CSF penetration (%)
vd (I/kg)

Urinary recovery* (%)

Itraconazole Fluconazole Voriconazole Posaconazole
200mg po 200mg po 400mg — 200mg po 400mg po
55 > 90 > 90 8 — 47
0.2-0.4 10.2 2-4 0.108 — 0.761
21 — 64 27 — 37 6-9 25 — 31
> 95 <1 58 98
<1 > 60— 80 > 50 <57
10-7 0.7-0.8 2—-4.6 343 — 1341
<1 80 <5 <1

*as active drug

Dismukes WE, CID, 2000

- Maertens JA, Clin Microbiol Infect, 2004; Torres HA et al

., Lancet Infect Dis, 2005



Involvement of cytocrome P450 enzymes and P-glycoprotein

(P-gP) in the metabolism of azole antifungal drugs

Substrate

Voriconazole

Inhibitor Substrate Inhibitor

Fluconazole \Voriconazole Fluconazole
Itraconazole Voriconazole
Voriconazole

Substrate

Itraconazole
Voriconazole

Inhibitor Substrate Inhibitor

Fluconazole Posaconazole Itraconazole
Itraconazole Posaconazole
Voriconazole

Posaconazole

Bruggemann RJ et al., Clin Infect Dis, 2009



Pharmacokinetics of Voriconazole Influence
of CYP2C19 genotype
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extensive metaboliser extensive metaboliser poor metabolise
(n=227) (n=76) (n=12)

Genotype

FDA - Briefing document for Voriconazole - Pfizer, October 2001
courtesy of Dr. N. Wood, Pfizer Central Research



Voriconazole
In 18 critically ill patients

« 6 mg/kg loading dose and 3-4 mg/kg BID thereafter

 Large variability in plasma levels ranging from 37%
at <1 mg/lto 19% at > 5.5 mg/I

 53% of trough concentrations were <1 mg/I

Myrianthes P et al., Int J Antimicrob Agents, 2010



Voriconazole

Trough blood level and logistic regression
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Pascual A et al., Clin Infect Dis, 2008



Probability of achieving different voriconazole trough plasma
concentrations targets with 200, 300 and 400 mg twice-daily

oral and intravenous dosing regimens

(population PK analisys in 55 pts with IFI)

Probability, by dosing regimen and route of administration

VRC trough
concentration target

200 mg twice daily

300 mg twice daily

400 mg twice daily

(mg/l) Oral (%) IV (%) Oral (%) IV (%) Oral (%) IV (%)
1 60 86 78 95 95 97
1.52 49 70 68 87 78 92
2 35 56 55 77 67 86
4 11 22 22 43 35 56
4.5 8 18 19 37 29 50
5 4.5 15 16 26 26 44

a the therapeutic target concentrations for efficacy (ie >85% probability of response) and safety

(ie > 15% probability of grade 3 neurotoxicity)

Pascual A et al., Clin Infect Dis, 2012



Voriconazole pharmacokinetics and therapeutic drug
monitoring: a multi-centre retrospective study in 201 pts

Incidence of treatment failure and visual or auditory hallucinations

Incidence Proposed concentration cutoff P-value?
Treatment failure < 1.7 mg/l 2 1.7 mg/l

All treatment patients (n=163)° 19/74 (26%) 6/89 (7%) <0.01

Proven or probable IFI (n=67) 12/34 (35%) 2/33 (6%) <0.01
Visual/auditory hallucinations < 5 mgll >5 mg/l

All patients (n=201) 2/170 (1.2%) 10/31 (32%) <0.01

a Fisher’s exact or chi-squared test as appropriate
b all patients receiving voriconazole for treatment of a known or suspected fungal infection (n=170);
treatment outcome evaluable in 163/170 pts

Dolton MJ et al., Antimicrob Agents Chemother, 2012



Voriconazole

N-oxide formation by liver microsomes

Children
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Yanni SB et al., Drug Metab Dispos. 2010



Voriconazole

New dosage schedule in pediatric patients
- mod. Il - 83 approved by EMA (19 December 2011)

Children (age 2 - < 12 yrs) and young adolescents
(age 12 - 14 yrs and body weight <50 kg)

IV p.o.
Loading Dose 9 mg/kg every 12 h Not reccomended
(first 24 h)
Maintainance Dose 8 mg/kg BID 9 mg/kg BID
(following days) (maximum dose =

350 mg BID)




Pharmacokinetics of Posaconazole In
special populations

* No clinically significant difference in pharmacokinetic
parameters for

— Racel, gender?, age?, renal failure* or mild or
moderate hepatic impairment® (no dose adjustment)

« Mean trough plasma posaconazole concentrations in
pediatric patients are similar to concentrations
obtained from adult patients*

*Data from 12 pediatric patients aged 8 to 17 years and 194 adult patients aged 18 to 64 years

Courtney R et al. ICAAC 2003. Abstract A-1564
Courtney R et al. ICAAC 2003. Abstract A-1563
Krishna G et al. ICAAC 2004. Abstract A-41

Courtney R et al., J Clin Pharmacol, 2005; 45: 185-192
Torres HA et al., Lancet Infect Dis, 2005; 5: 775-785

G



Provisional target plasma concentrations for
posaconazole

Posaconazole Target trough concentration
indication (ng/l)
IFI prophylaxis > 700
Treatment of IFI > 700

Increase to > 1250 if
response poor

Dolton MJ et al., Antimicrob Agents Chemother, 2012



Factors influencing the pharmacokinetics of prophylactic
posaconazole oral suspension in patients with acute
myeloid leukemia or myelodysplastic syndrome

J. J. Vehreschild, C. Muller, F. Farowski, M. J. G. T. Vehreschild, O. A. Cornely, U. Fuhr, K.-A.
Kreuzer, M. Hallek, V. Kohl

RESULTS: 643 serum concentrations of posaconazole from 84 pts were
obtained

Significant effects on pkarmacokinetics were found for presence of:

 Diarrhea (1.5-fold increase in CL/F)
« Co-medication with proton-pump inhibitors (1.6-fold increase in CL/F)

 Weight (33.4 L larger Vd/KQ)
e Co-administration of chemotherapy (0.6-fold lower Vd)

Eur J Clin Pharmacol, Jan 2012



¢ Pharmacokinetics of different dosing strategies of

oral posaconazole in 75 pts with compromised
gastrointestinal function and high risk for IFI

Patients with levels 2250 ngim| on day 3
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Echinocandins

Chemical structure

C52H88N10015 C56H71N9OZSS C58H73N7Ol7
HO  OH HO OH
\/\ HO O HO 0
NN NN NN
HO Q H:O\éyL \é} NN
NN N N o
H;N
2! . HN Hzo o NN -<
o o CHy Ho' NH

CH; CH; HO NH

NN
0
o "N
HO
b N OH \j/ CH

=
II T
\
O’
I
QO
X
[w]
I
(o]
(]
xT
(o]

HO

Caspofungin Micafungin Anidulafungin Aminocandin
RMW 1,213.42 1,292.26 1,140.3 1,086.29
Origin Glarea lozoyensis Coleophoma empetri Aspergillus nidulans Aspergillus sydowi

Wagner C et al., Pharmacology, 2006, mod



Echinocandins
PK-PD properties

Outcome/endpoint predictor

Echinocandin : : :
In vitro In vivo animal

CASPOFUNGIN
Candida spp. Concentration-dependent, fungicidal AUC/MIC
Aspergillus spp. Concentration-dependent, fungistatic  C.,,,/MEC range 10-20

MICAFUNGIN
Candida spp. Concentration-dependent, fungicidal AUC/MIC near 20
Aspergillus spp. Concentration-dependent, fungistatic  C,,,/MEC

ANIDULAFUNGIN
Candida spp. Concentration-dependent, fungicidal ~ C,,,/MIC, AUC/MIC
Aspergillus spp. Concentration-dependent* Chax/MEC*

*Lewis RE et al., J Antimicrob Chemother, 2011

Chen SCA et al., Drugs, 2011, mod.



Echinocandins

Main pharmacokinetic parameters in adults (I)

Variable Caspofungin Micafungin Anidulafungin
Bioavailability (%) <10 <10 2—1
Protein binding (%) 96 — 97 09.8 > 99

Elimination 35% faeces, 41% urine,
1.4% as unchanged drug
CSF penetration Low

(% plasma)

40% faeces,
<15% urine

Low

Primarily faeces (>10%
as intact drug), 1% urine

<0.1%

Chen SCA et al., Drugs, 2011



Echinocandins

Main pharmacokinetic parameters in adults (ll)

Variable

C.ax (Mg/l) [50mg single dose]
t% (h)

AUC (mg-h/l)

vd (I/kg)

Cl; (ml/h/kg)

Fraction excreted unchanged
in urine (%)

Caspofungin Micafungin Anidulafungin
7.64 4.95 2.07 - 3.5
9-11 11 -17 24 — 26
87.9-114.8 111.3 44.4 — 53
0.14 0.22-0.24 0.5
0.15 0.185 0.26
1.4 0.7 <1

Chen SCA et al., Drugs, 2011



Echinocandins

Broncopulmonary disposition after
multiple doses in healthy adults*

Compound ELF Pl AM, Pl
(mg/l) (mg/l)

Caspofungin? <0.04 . 8.2-72.8 3.0-21.3

70mg D1-50mg D2-3

Anidulafungin 2 0.8-1.1 0.15-0.4 37.9-103.1 7.4—-34.3

200mg D1-100mg D2-3

Micafungin ® 0.43-0.52 0.04 - 0.09 8.4-14.4 0.7-3.0

150mg D1-3**

* Within 4-24h after last dose
** ELF levels 0.04-1.38mg/l in lung transplant pts after a single 150mg dose (Walsh TJ et al., AAC, 2010)

1 Burkhardt O et al., Int J Antimicrob Ag, 2009
2 Crandon JL et al., AAC, 2009
3 Nicasio AM et al., AAC, 2009



¢ Anidulafungin 100 mg IV

Plasma pharmacokinetics in 20 adult ICU patients (median age 57 yrs)
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Anidulafungin Concentration, mg-h/L

100 110

Time, h Weight, kg

PK parameter ICU pts (20)* General pts (262)*
Cax (Ma/l) 7.7 7.2
AUC,,, (mg/l-h) 02.7 110.3

Cl (I/h) 1.3 1.0

* Mean values

Liu Petal., 2011
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International Journal of Antimicrobial Agents

journal homepage: http://mww.elsevier.com/locate/ijantimicag ;:i-—-

Efficacy and safety of anidulafungin in elderly, critically ill patients with

Invasive Candida infections: a post hoc analysis

Dimopoulosa G, Paivab JA, Meerssemanc W, Pachld J, Grigorase |, Sgangaf G, Montraversg P, Auzingerh G,
Borges Sai M, Millerj PJ, Mar'cekk T, Kanteckik M, Ruhnkel M

80 elderly patients received anidulafungin (200 mg on Day 1, 100 mg/day thereafter) for
210 days

The incidence and profile of adverse events were similar in elderly and non-elderly
patients. Anidulafungin was effective and safe for treatment of C/IC in elderly ICU
patients, despite higher baseline severity of iliness scores.



Echinocandins

Main pharmacokinetic parameters in adults (V)

Variable

Caspofungin

Micafungin

Anidulafungin

Dose adjustement
In geriatric
patients

Dose adjustement
hepatic
insufficiency

No dose adjustement
needed

Child-Pugh 5-6: none
Child-Pugh 7-9: significant
increase in AUC; reduce
maintenance dose to 35
mg/day

Child-Pugh >9: no data

No dose adjustement
needed

Child-Pugh 7-9: C, .«
not altered, AUC
significantly decreased
compared with healthy
subjects

No dose adjustement
needed

No dose adjustement
needed in patients
with mild, moderate
or severe hepatic
dysfunction

Chen SCA et al., Drugs, 2011



Caspofungin

Pharmacokinetic parameters in a critically ill patient
with liver cirrhosis*

Cases Coah. mean Cih mean AUC,,, Cl &7)
(mgl/l) (mgl/l) (mg-h/l) | (ml/min) (h)
Present case 3.84 8.54 148.6 7.8 19.9
PK parameters in healthy subjects (MD, 70mqg) 2.61 15.42 144.27 9.85 10.7
SICU patients (MD, 70mg — 50mg) 0.52 - 4.08 NR NR NR NR
PK parameters in patients with moderate HI (Child- 2.81 12.1 210.18 5.55 15.07

Pugh score B7-9) (SD, 70mg)

* 53 year old, 85 kg weight, Chil-Pugh score B9 treated with caspofungin 70mg OD

Spriet |l et al., Eur J Clin Pharmacol, 2011



Echinocandins

Metabolism and elimination

Caspofungin Anidulafungin Micafungin

> 90% degradation, opening of > 90% degradation in blood,; > 90% degradation;

the ring form in blood or tissue, bypasses hepatic metabolism,  metabolism via hepatic aryl

via peptide hydrolysis, N- faecal elimination sulphatase, COMT and Cyp 450
acetylation in the liver, 41% (minor extent), 71% faecal and
renal and 34% faecal 10% renal excretion

elimination in 28 days

Lipp HP, Mycoses, 2008; Estes KE et al., Pharmacotherapy, 2009; Sucher AJ et al., Ann Pharmacother, 2009



Echinocandins drug-drug interactions

Echinocandin Coadministration

Consequence

Anidulafungin Cyclosporine

Caspofungin Cyclosporine
Tacrolimus
Potent metabolism inducerst?

Micafungin Sirolimus
Nifedipine
Itraconazole
Cyclosporine

Increase of anidulafungin AUC by 22%

Increase of caspofungin AUC by 35%
Decrease of tacrolimus AUC by 25%

Possible decrease of caspofungin? trough
levels by 30% (described for rifampin)

Increase of sirolimus AUC by 21%
Increase of nifedipine AUC and peak levels
by 18% and 42%, respectively

Metabolism of cyclosporine appears to be
inhibited3 No effects in Japanese pts*

1 on treatment; ? clinical relevance of this interaction has not yet been clearly elucidated; 2 cyclosporine concentrations
should be monitored and dosage adjustment may be needed when micafungin is started or discontinued; 4 no sinificant

diffeences during tratment with 150 or 300mg/day

Lipp HP, Mycoses, 2008, Inoue Y et al., Int J Clin Pharmacol Ther, 2012



Conclusioni (1)

La valutazione dinamico-cinetica
degli antifungini rappresenta oggi un
aspetto Iimportante per la terapia
delle infezioni fungine sistemiche

Negli ultimi anni sono stati fatti
Importanti progressi nella cono-
scenza delle caratteristiche PK-PD
anche in relazione al tipo di farmaco,
di infezione e di specie fungina



Conclusioni (I1)

Le echinocandine e I'amfotericina B
sono molecole concentrazione-
dipendenti, devono raggiungere ade-
guati livelli in sede di infezione In
modo da garantire elevati valori del
rapporto C, ., /MIC

| derivati azolici sono fondamental-
mente molecole tempo-dipendenti e
necessitano spesso di un moni-
toraggio terapeutico sia per [|'effi-
caciache per la tossicita
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