


b

ECHINOCANDINS

PK is specific for each echinocandin
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Sidechain determines:
- Activity: interaction with the cell wall
-Farmacokinetics: more lipophilic — higher distribution volume
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Antifungal agent

Organism Anidulafungin Caspofungin Micafungin
Aspergiiusspecies . | =5 ¢ ¥ Active (static)
| AﬂaVus : ¥ o + againSt
- A. fumigatus + + + _
A. niger i N . Aspergillus spp.
A. terreus + + +
Candida species + + + _ _
C. albicans + + + Active (Clda|)
C. glabrata + + + ag ainst
C. krusei + 4 4 :
C. lusitaniae + + + Candida SPP.
C. parapsilosis # + s
C. tropicalis + + +

Cryptococcus neoformans

I
I

Coccidioides species +P +P +P
Blastomyces +P +° iR
Histoplasma species +P +P +°

Fusarium species
Scedosporium apiospermum
Scedosporium prolificans
Zygomycetes
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Caspofungin: Pharmacokinetics

Bio-availability

<2%: only IV

Distribution

-Protein binding: 96%, no elimination via dialysis
-Linear pharmacokinetics

-Good distribution into most tissues (minimal urine,
CSF, brain and ocular fluid penetration)

Metabolism

- Hepatic: hydrolysis and N-acetylation: no active
metabolites

- not CYP450 dependent

Excretion

-Via urine and feces (only 2% unchanged)
-Half-life: 9-11h
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Caspofungin: Pharmacokinetics

* No dose adjustments in renal insufficiency

 No CYP-mediated metabolism
* No CYP-mediated drug interactions
* No genetic polymorphisms

» Uptake via hepatic transporter: OATP
 OATP= organic anion transporting polypeptide

* Reduced uptake in patients with hepatic insufficiency
 Dose reduction in Child B liver cirrhosis
« No recommendations in Child C

* Drug interactions mediated by OATP?

Sandhu P et al. DMD 2005; 33: 676-82.
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Caspofungin: Pharmacokinetics

Canicular
Membrane

OATP = organic anion
transporting
polypeptide

 drug uptake
transporter

Basolateral membrane
of hepatocytes

*Contributes to overall
elimination of
caspofungin

 Cyclosporine and
rifampin are also
substrates for OATP1B1
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Caspofungin: Pharmacokinetics

« Co-administration with cyclosporine
 AUC caspo + 25%
« Competitive inhibition at OATP?

» Co-administration with rifampin
 Inhibition and induction effect on caspofungin
* First days: rifampin blocks uptake by OATP
 After continued dosing: rifampin induces OATP
« = Net effect: AUC caspo |: increase MD to 70mg/day

* Other inducers: efavirenz, nevirapine,
dexamethasone, phenytoin, carbamazepine

— Increase MD to 70 mg/day
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Caspofungin: Tolerability and Safety

+ Excellent safety and tolerability

« Can be explained by mode of action: human
cells do not have a cell wall

« Adverse events = unspecific drug reactions
 Histamine-mediated: headache, fever, nausea

» Elevation of hepatic enzyme levels
« AST, ALT and ALP
» < 5-fold ULN
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Caspofungin: Recommended Dose

« Loading dose: 70 mg

« Maintenance dose: 50 mg
« Patients > 80 kg: 70 mg

« Child B liver cirrhosis
* Loading dose: 70 mg
 Maintenance dose: 35 mg
e Children: 3 months-17 year
« LD: 70 mg/m?/d, MD: 50 mg/m?/d
* Infants < 3 months
e LD: 25 mg/m?/d, MD: 25 mg/m?/d
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Anidulafungin

Micafungin

Bio- Low, only IV administration |Low, only IV administration
availability
Distribution - Vd: 0.57 L/kg - Vd: 0.39 L/kg
- Protein binding: 99% - Protein binding: 99%
- Poor CNS and urine - Poor CNS and urine
penetration penetration
Metabolism - No hepatic metabolism - Hepatic (COMT)
- No CYP involvement - Weak substrate for
- Metabolism by slow CYP450
chemical degradation
Elimination - Half-life : 24hrs - Half-life: 13 hrs

- Via feces

- Via feces, > 90%
unchanged




I

117 Fi
Yot o f'}i
/' | LEUVEN

Metabolism of echinocandins

Anidulafungin Micafungin Caspofungin
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Anidulafungin

Micafungin

Dose adjustments in
hepatic insufficiency?

No

Studied in Child
A,B,C: no increase in
plasma levels

No
Not studied in Child C

Dose adjustments in | No No

renal

insufficiency/dialysis?

Drug interactions? Small increase Iin Possibly mild

anidulafungin levels if
combined with
cyclosporine

inhibition of CYP3A
with small increase in
cyclosporine,
sirolimus and
nifedipin levels
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Anidulafungin - Micafungin: Tolerability and
Safety

 Adverse reactions = mild

* Infusion (histamine-mediated) related reactions
(especially at high infusion rates): flushing,
pruritus, rash, urticaria

« Diarrhea, vomiting, nausea

* Hepatic enzyme elevation: ALT, ALP, bilirubin
* In 5-10% of patients
e Usually < 3-fold ULN
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Micafungin

Warning EMEA —
- discontinuation if persistent elevation ALT/AST

e consider alternative in patients with severe liver function impairment
or chronic liver diseases or concomitant hepatotoxic therapy

4.4 Special warnings and precautions for use

Hepatic effects:

The development of foci of altered hepatocytes (FAH) and hepatocellular tunmours after a
treatment period of 2 months or longer were observed in rats. The assumed threshold for
tumour development in rats is approximately in the range of clinical exposure. The relevance
of this finding for the therapeutic use in patients can not be excluded. Liver function should
be carefully monitored during micafungin treatment. To minimise the risk of adaptive
regeneration and potentially subsequent liver tumour formation, early discontinuation in the
presence of significant and persistent elevation of ALT/AST is recommended. Micafungin
treatment should be conducted on a careful risk/benefit basis, particularly in patients having
severe liver function impairment or chronic liver diseases known to represent preneoplastic
conditions, such as advanced liver fibrosis, cirrhosis, viral hepatitis, neonatal liver disease or
congenital enzyme defects, or receiving a concomitant therapy including hepatotoxic and/or
genotoxic properties.

http:.//www.emea.europa.eu/humandocs/PDFs/EPAR/mycamine/H-734-Pl-en.pdf
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Echinocandins: Pharmacodynamics

 Time-kill kinetics In vitro:

« Concentration-dependent fungicidal against
Candida

« Concentration-dependent fungistatic against
Aspergillus

* PK/PD relationship in vivo associated with
effective therapy:
¢ C.../MIC >4 (Candida spp.)
 C.../MEC =10 (Asperqgillus spp.)

Mmax

Mmax

Lewis, Curr Opinion Pharmacol 2007; 7:491-497



4
I | LEUVEN )

Overzicht prijzen — patiént 70 kg

Fungizone IV Amfotericine B 1 mg/kg 11.54 161
Abelcet IV Amfo B lipid complex 5 mg/kg 489 6848
Ambisome IV Amfo B liposomaal 3 mg/kg 889 12455
Diflucan IV fluconazole LD 800 mg - OD 400 mg 24 366
Diflucan PO fluconazole LD 800 mg - OD 400 mg 11 168
Viend IV voriconazole LD 2x 6 mg/kg — OD 2x 4 mg/kg 626 9080
Vfend PO voriconazole LD 2x 6 mg/kg — OD 2x 4 mg/kg 84 1348
Noxafil PO posaconazole 2 x 400 mg 127 1781
Cancidas IV caspofungin LD 70 mg — OD 50 mg 483 7389

Ecalta IV anidulafungin LD 200 mg — OD 100 mg 429 6435
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Belgian situation

* Only Fungizone (AmB) en Diflucan
(fluconazole) can be prescribed without
reimbursement restrictions

* For all other antifungals: reimbursement
criteria

e See www.riziv.be
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INVASIVE FUNGAL DISEASE:
EORTC/MSG CRITERIA

PROVEN Sterile material microscopy and/or culture positive
POSSIBLE - N -

De Pauw B et al., CID 2008: 1813-1821
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Neutropenia

aHSCT

Corticosteroids

T cell iImmmunosuppressants

Microscopy
Culture
Antigen (galactomannan, 3-D-glucan)

- CT/MRI signs
Clinical criteria
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Treatment

* Invasive aspergillosis
— First line: voriconazole
— Second line: caspofungin/ liposomal amphotericin B/
posaconazole
» Candidemia
— First line: fluconazole

— Candida glabrata R to fluconazole, Candida krusei:
caspofungin or anidulafungin
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Antifungal resistance development
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Candida resistance

« Development of resistance in C. albicans

— Mainly in HIV-infected patients during long term
fluconazole treatment for oropharyngeal candidiasis (also
resistant to itraconazole)

— Candidemia due to C. albicans resistant to fluconazole in
cancer patients on azole prophylaxis remains limited

» Resistance to amphotericin B

— C. lusitaniae: usually intrinsically resistant

— C.qguilliermondii: some isolates are intrinsically resistant
— C. glabrata en C. krusei: probably less susceptible
— Secondary resistance development is
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Sensititre antifungal panel

Complete concentration range of different antifungal agents (amphotericin
B, fluconazole, itraconazole,flucytosine, voriconazole, posaconazole,
caspofungin, anidulafungin)
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Interpretative breakpoints CLSI

Breakpoints established only for some organism-drug combinations

Azoles

Antifungal agent S S-DD R
Fluconazole <8 ug/ml (=19 mm)  16-32 pg/ml (15-18 mm) > 64 pg/ml (£ 14 mm)
Itraconazole < 0,125 pg/ml 0,25-0,5 pg/ml > 1 pg/ml
Voriconazole <1 pg/ml (=17 mm) 2 ug/ml (14-16 mm) >4 pg/ml (<13 mm)

Echinocandins (caspofungin, micafungin, anidulafungin)
S: MIC <2 ug/mL
NS: MIC > 2 yg/mL
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Clinical breakpoints EUCAST

Candida | Candida | Candida Candida Candida

albicans | glabrata krusel | parapsilosis | tropicalis
Fluconazole 2/4 IE - 2/4 2/4
Voriconazole|0.125/0.125 |E - 0.125 0.125




Susceptibility patterns

Candida species Fluconazole Voriconazole  Amphotericin B Candins
C. albicans S S S S
C. tropicalis S S S S
C. parapsilosis S S S S (tot 1?)
C. glabrata S-DD tot R S tot | Stot | S
C. krusei R Stot | Stot | S
C. lusitaniae S S SofR S

Pappas et al., Clin Infect Dis, 2004: 38, 161-189.
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Resistance to fluconazole among Candida spp.

20 -

18 -
16 -
14 -
12 -

%R 10 - C. albicans (n= 39,152)
8 - -2-C. glabrata (n=5,634)

6 - -=-C. tropicalis (n=2,633)

. A‘: ~-C. parapsilosis (n=2,996)
2 -

o I I I |

Pfaller et al, J Clin Microbiol 2007, 45: 1735-1745.
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Resistance to voriconazole among Candida spp.

14

12

10 /\‘\1

8 C. albicans (n= 11,980)
% R -2-C. glabrata (n=2,123)

6 ‘/ -4-C. tropicalis (n=1,350)

; --C. parapsilosis (n=1,205)

2 -_#_\._—F_

0

2001 2002 2003 2004 | 2005

Pfaller et al, J Clin Microbiol 2007, 45: 1735-1745.
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Candida resistance

 Voriconazole

— 7191 Candida spp. from worldwide (2004-2007)
— MIC (50)/MIC (90): 0.008/0.25 ug/mL (98% susceptible)

Diekema et al., Diagn Microbiol Infect Dis, 2009, 63: 233-236

* Anidulafungin, caspofungin and micafungin
— 5,346 invasive isolates from worldwide (2001-2006)

— > 99% of isolates inhibited by < or = 2 ug/mL of all three
agents

— No geographical differences in resistance
— No significant change over time

Pfaller et al., J Clin Microbiol, 2006, 44: 760-763.
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Multi-azole resistance in A. fumigatus

MIC itraconazole > 16 mg/L
MIC voriconazole 2 - > 16 mg/L
MIC posaconazole 0,5 — 1,0 mg/L

0% 12%
(0/170) (10/81)

Verweij P et al., N Engl J Med 2007;356:1481-1483
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Azole resistance in A. fumigatus: The Netherlands

Total number of

: % of patients with a

patishts resistantisolate

300 + - 1040
# pati .

450 - o | gg R mechanisms:

100 — — patients itraR + 80 TR/ L9§H i 30 of
isolate 32 (94%) isolates

350 -+ 170

300 — 6.0

250 + 5,0
200 4.0
150 3.0
100 2,0

50 10

] 0.0

1994 1993 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

year

PLoS Med 2008;5:e219
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Global prevalence of resistance in Aspergillus
fumigatus: SCARE study

Australia Netherlands
Austria Norway
Belgium Poland
Brazil Portugal
China Russia
Denmark Spain
Finland Sweden
France Switzerland
Germany Taiwan
Greece Turkey

Italy UK
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FUNGI DIFFER FROM BACTERIA WITH

RESPECT TO THEIR TENDENCY TO
DEVELOP RESISTANCE

* Few a priori resistant species and
strains exist which could be selected

* Newer antifungal agents display a high
affinity for the target

« Some fungi (e.g. C. albicans) are diploid
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REASONS

* Mutations are often attended by a loss
of fithess

 Genetic transfer of resistance from one
fungus to another does not occur

* No drug modifying enzymes are known
in fungl



