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PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

RATIONALE FOR TDM OF ANTIFUNGALS

* The rationale for TDM of antifungal therapies is the same as for any other
therapeutic agent

* First, for TDM to be of potential benefit, the drug should have largely unpredictable
pharmacokinetic behaviour so that dose alone, or in conjunction with covariates such as
renal function or weight, is inadequate to predict safe and effective drug exposure

- Second, the drug should have a narrow therapeutic index so that under- or over-
exposure could render the treatment ineffective or toxic, respectively.

« Third, the drug should have a defined concentration range that is associated with a
satisfactorily high probability of both safety and efficacy

* In general, the anti-Aspergillus triazoles and flucytosine fulfil these criteria

* In contrast, the echinocandins and amphotericin B generally do not
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VORICONAZOLE AND TDM

* Voriconazole exhibits highly variable inter-individual pharmacokinetics




A REFERENCE LABORATORY EXPERIENCE OF CLINICALLY ACHIEVABLE
VORICONAZOLE, POSACONAZOLE, AND ITRACONAZOLE CONCENTRATIONS

WITHIN THE BLOODSTREAM AND CEREBRAL SPINAL FLUID
Wiederhold NP et al. Antimicrob Agents Chemother 2014 58: 424-431

VORICONAZOLE PLASMA CONCENTRATIONS
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VORICONAZOLE AND TDM

* Voriconazole exhibits highly variable inter-individual pharmacokinetics

* Voriconazole undergoes extensive hepatic metabolism via CYP3A4, CYP2C9 and
CYP2C19

« Important pharmacogenetics determinants of clearance in CYP2C19 are

responsible for ethnic differences in pharmacokinetics




CYP2C19 POLYMORPHISMS AND TDM OF VORICONAZOLE:
ARE WE READY FOR CLINICAL IMPLEMENTATION
OF PHARMACOGENOMICS?

Owusu Obeng A et al. Pharmacotherapy 2014 July 34, 7: 703-718

CYP2C19 GENOTYPES WITH CORRESPONDING PHENOTYPES FOR VARIOUS RACIAL-ETHNIC GROUPS

Population frequencies

Ashkenazi
CYP2C19 genotype Phenotype White  African-American  Hispanic Jewish Asian
1217, 2L7[%17 Ultrarapid metabolizers 31.2% 33.3% 18.3% 24.6% ~ 1%
*1/%1 Extensive metabolizers 42% 39% 58% 46% 35-43%
1 2. A1 %3 *2/*1T, ALY Intermediate metabolizers 19% 15% 20% 22% 43-46%

*2/%2, *2/*3, *3/%3 Poor metabolizers 2.8% 6.7% 0.87% 1.8% 14-19%




CLINICAL PHARMACOGENETICS IMPLEMENTATION CONSORTIUM (CPIC)

GUIDELINES FOR CYP2C19 AND VORICONAZOLE THERAPY
Moriyama B et al. Clin Pharmacol Ther. 2016 Dec 16 online published

ASSIGNMENT OF LIKELY CYP2C19 PHENOTYPES BASED ON GENOTYPES

Likely phenotype

Genotypes®

CYP2C19 ultrarapid metabolizer (~2-5% of patients)"

An individual carrying two increased function
alleles

CYP2C19 rapid metabolizer (~2-30% of patients)®

An individual carrying one normal function allele
and one increased function allele

CYP2C19 normal metabolizer® (~35-50% of patients)"

An individual carrying two normal function alleles

CYP2C19 intermediate metabolizer (~18-45% of patients)"

An individual carrying one normal function allele
and one no function allele or one no function
allele and one increased function allele

CYP2C19 poor metabolizer (~2-15% of patients)”

An individual carrying two no function alleles




CLINICAL PHARMACOGENETICS IMPLEMENTATION CONSORTIUM (CPIC)

GUIDELINES FOR CYP2C19 AND VORICONAZOLE THERAPY
Moriyama B et al. Clin Pharmacol Ther. 2016 Dec 16 online published

DOSING RECOMMENDATIONS FOR VORICONAZOLE TREATMENT BASED ON CYP2C19 PHENOTYPE FOR ADULT PATIENTS

CYP2C19 phenotype

Implications for voriconazole
pharmacologic measures

Therapeutic recommendations

Classification of
recommendations®

CYP2C19 ultrarapid metabolizer
(*17/*17)

In patients for whom an ultrarapid
metabolizer genotype (*17/*17)is
identified, the probability of attain-
ment of therapeutic voriconazole con-
centrations is small with standard
dosing

Choose an alternative agent that is
not dependent on CYP2C19 metabo-
lism as primary therapy in lieu of vori-
conazole. Such agents include
isavuconazole, liposomal amphoteri-
cin B, and posaconazole.”

Moderate®

CYP2C19 rapid metabolizer (*1/%*17)

In patients for whom a rapid metabo-
lizer genotype (*1/*17) is identified,
the probability of attainment of thera-
peutic concentrations is modest with
standard dosing

Choose an alternative agent that is
not dependent on CYP2C19 metabo-
lism as primary therapy in lieu of vori-
conazole. Such agents include
isavuconazole, liposomal amphoteri-
cin B, and posaconazole.”

Moderate

CYP2C19 normal metabolizer

Normal voriconazole metabolism

Initiate therapy with recommended
standard of care dosing”

Strong

CYP2C19 intermediate metabolizer

Higher dose-adjusted trough concen-
trations of voriconazole compared
with normal metabolizers

Initiate therapy with recommended
standard of care dosing”

Moderate

CYP2C19 poor metabolizer

Higher dose-adjusted trough concen
trations of voriconazole and may
increase probability of adverse
events

Choose an alternative agent that is
not dependent on CYP2C19 metabo-
lism as primary therapy in lieu of vori-
conazole. Such agents include
isavuconazole, liposomal amphoteri-
cin B, and posaconazole.” In the
event that voriconazole is considered
to be the most appropriate agent,
based on clinical advice, for a patient
with poor metabolizer genotype, vori-
conazole should be administered at
a preferably lower than standard dos-
age with careful therapeutic drug
monitoring.

Moderate
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VORICONAZOLE AND TDM

* Voriconazole exhibits highly variable inter-individual pharmacokinetics

* Voriconazole undergoes extensive hepatic metabolism via CYP3A4, CYP2C9 and
CYP2C19

« Important pharmacogenetics determinants of clearance in CYP2C19 are
responsible for ethnic differences in pharmacokinetics

« The BSMM recommends a voriconazole C_,. target for TDM of between 1.0
and 5.5 mg/L when the drug is used to treat established invasive infection

« Initial serum sampling for TDM is recommended within the first 2-5 days of
therapy

« If a patient is unstable or critically unwell and there is some uncertainty

about voriconazole concentrations, then repeat sampling may be warranted,

every 3-5 days



TROUGH CONCENTRATION OF VORICONAZOLE AND ITS RELATIONSHIP WITH

EFFICACY AND SAFETY: A SYSTEMATIC REVIEW AND META-ANALYSIS
Jin H et al. J Antimicrob Chemother 2016 Jul: 71(7): 1772-85

META-ANALYSIS FOR SUCCESSFUL TREATMENT RATE
(RR < 1 FAVOURS Crpouen > 0.5 MG/L)

Ctrough <0.5mg/L Ctrough >0.5mg/L Risk ratio Risk ratio
Study or subgroup Events Total  Events Total Weight M-H, Random, 95% (I M-H, Random, 95% (I
Okuda 2008 0 3 4 18 3.1% 0.53 (0.03, 7.98) "
Ueda 2009 0 1 23 33 39% 0.36 (0.03, 4.03) 2
Gomez 2012 1 b4 8 10 7.6% 0.31 (0.06, 1.75) .
Kim 2013 1 2 71 102 11.7% 0.72 (0.18, 2.89) ol
Lee 2013 2 5 25 47 18.4% 0.75 (0.25, 2.27) =
Denning 2002 3 11 58 111 23.5% 0.52 (0.20, 1.39) =T
Wang 2014 & 15 114 129 31.9% 0.30 (0.13, 0.70) B
Total (95% CI) 41 450 100.0% 0.46 (0.29, 0.74) ®
Total events 11 303
Heterogeneity: 12=0.00; y2=2.54, df=6 (P=0.86); I2=0% ! = * =
Test for overall effect: Z=3.19 (P=0.001) a1 ed 4 L
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TROUGH CONCENTRATION OF VORICONAZOLE AND ITS RELATIONSHIP WITH

EFFICACY AND SAFETY: A SYSTEMATIC REVIEW AND META-ANALYSIS
Jin H et al. J Antimicrob Chemother 2016 Jul: 71(7): 1772-85

SENSITIVITY ANALYSIS THAT INCLUDED
ONLY PATIENTS ON MONOTHERAPY FOR TREATMENT SUCCESS RATE
(RR < 1 FAVOURS Crpouen > 0.5 MG/L)

Cirougn <05mMa/L Cpgyqn >0.5mglL Risk ratio Risk ratio
Study or subgroup Events Total  Events Total Weight M-H, Random, 95% (I M-H, Random, 95% (I
Okuda 2008 0 1 4 13 4.1% 0.78 (0.06, 9.65) -
Ueda 2009 0 1 23 33 45% 0.36 (0.03, 4.03) .
Kim 2013 1 2 71 102 13.6% 0.72 (0.18, 2.89) ——
Gomez 2012 1 2 4 4 19.2% 0.56 (0.17, 1.79) — &
Lee 2013 2 5 25 47 21.5% 0.75 (0.25, 2.27) —
Wang 2014 4 15 114 129 37.1% 0.30 (0.13, 0.70) ——
Total (95% CI) 26 328 100.0% 0.49 (0.29, 0.81) <
Total events 8 241
Heterogeneity: 12=0.00; ¥2=2.62, df=5 (P=0.76); I>=0% | | | |
Test for overall effect: Z=2.75 (P=0.006) 001 01 1 10 100
Cirougn <0-5mMa/L G5 >0-5mg/L




TROUGH CONCENTRATION OF VORICONAZOLE AND ITS RELATIONSHIP WITH

EFFICACY AND SAFETY: A SYSTEMATIC REVIEW AND META-ANALYSIS
Jin H et al. J Antimicrob Chemother 2016 Jul: 71(7): 1772-85

META-ANALYSIS FOR INCIDENCE OF HEPATOTOXICITY
(RR < 1 FAVOURS Crpouen < 3.0 MG/L)

Ctrough <3.0mg/L Ctrough >3.0mg/L Risk ratio Risk ratio
Study or subgroup Events Total  Events Total Weight M-H, Random, 95% (I M-H, Random, 95% (I
Briiggemann 2011 2 8 1 10 11.1% 2.50 (0.27, 22.86) =
Mori 2015 0 13 4 8 7.5% 0.07 (0.00, 1.17) * "
Okuda 2008 1 12 8 11 13.9% 0.11 (0.02, 0.77) =
Ueda 2009 4 13 12 21 33.2% 0.54 (0.22,1.32) — T
Wang 2014 8 104 10 40 34.4% 0.31(0.13,0.72) —
Total (95% CI) 150 90 100.0% 0.37 (0.16, 0.83) >
Total events 15 35 l | | |
Heterogeneity: 12=0.33; y2=6.64, df=4 (P=0.16); I?°=40% 0.01 01 1 10 100

Test for overall effect: Z=2.39 (P=0.02) C

wough <3.0mgiL €

trough >3-0mg/L




TROUGH CONCENTRATION OF VORICONAZOLE AND ITS RELATIONSHIP WITH

EFFICACY AND SAFETY: A SYSTEMATIC REVIEW AND META-ANALYSIS
Jin H et al. J Antimicrob Chemother 2016 Jul: 71(7): 1772-85

META-ANALYSIS FOR INCIDENCE OF NEUROTOXICITY
(RR < 1 FAVOURS Crpouey < 4.0 MG/L)

Cm)ugh <4.0mg/L Ctrough >4.0mg/L Risk ratio Risk ratio
Study or subgroup Events Total  Events Total Weight M-H, Random, 95% (I M-H, Random, 95% (I
Imhof 2006 2 19 4 7 81.9% 0.18 (0.04,0.79) o
Okuda 2008 0 13 1 10 18.1% 0.26 (0.01, 5.82) o
Total (95% CI) 32 17 100.0% 0.20(0.05, 0.74) -
Total events 2 5

Heterogeneity: t2=0.00; y2=0.04, df=1 (P=0.84); I*=0% !

Test for overall effect: Z=2.42 (P=0.02) 0.01 0.1 1 10 100
Cirougn <4-0ma/L  Cy 0n >4.0mg/L

trough

CONCLUSIONS

+ A voriconazole level of 0.5 mg/L should be considered the lower threshold associated with

efficacy

+ A trough concentration > 3.0 mg/L is associated with increased hepatotoxicity, particularly for

{,' .

the Asian population, and > 4.0 mg/L is associated with increased neurotoxicity




VARIABILITY OF VORICONAZOLE TROUGH LEVELS IN HEMATOLOGICAL PATIENTS:
INFLUENCE OF CO-MEDICATIONS WITH CYP INHIBITORS

AND/OR WITH CYP INHIBITORS PLUS CYP INDUCERS
Cojutti P, Candoni A, Forghieri F, Isola M, Zannier ME, Bigliardi S, Luppi M, Fanin R, Pea F
Basic Clin Parmacol 2016 Jun; 118(6): 474-9

PATIENTS CHARACTERISTICS

Demographics
Total number of patients 83
Age (years). median (IQR) 54 (41 —62)
Sex. n (male/female) 51/32
Body weight (kg), median (IQR) 70 (63 —81)
Underlying disease, n (%)
AML 44 (53.0)
Aggressive lymphoma 14 (16.9)
ALL 12 (14.5)
MPD 4(48)
CLL/MM 4(4.8)
MDS 2(24)
Bone marrow aplasia 224
ITP 1(1.2)

Fungal infection. n (%)
Type of infection

Proven 15 (18.1)
Probable 38 (45.8)
Possible 30 (36.1)

Site of infection
Single localization

Lung 65 (78.3)
Nasal sinuses 4 (4.8)
Blood 3(3.6)
CNS 224
Multiple localization 9 (10.9)

Microbiological isolates
Aspergillus spp.
A. fumigatus, A. flavus, A. niger, A. terreus 11,2 2.1
Candida spp.
C. tropicalis, C. krusei
Hyalohyphomycosis
Fusarium, Scedosporimn
Others 3

1

2

1

[




VARIABILITY OF VORICONAZOLE TROUGH LEVELS IN HEMATOLOGICAL PATIENTS:
INFLUENCE OF CO-MEDICATIONS WITH CYP INHIBITORS

AND/OR WITH CYP INHIBITORS PLUS CYP INDUCERS
Cojutti P, Candoni A, Forghieri F, Isola M, Zannier ME, Bigliardi S, Luppi M, Fanin R, Pea F
Basic Clin Parmacol 2016 Jun; 118(6): 474-9

VORICONAZOLE TREATMENT CHARACTERISTICS

At first TDM

Dose/kg/day, median (IQR) 6.1(563-74)

Route of administration, n (IV/oral) 38/45

Cuin (mg/L), median (IQR) 25(1.5—-338)
At subsequent TDM

Dose/kg day, median (IQR) 64(56-74

Route of administration, n (I'V/oral) 45/71

Comir (mg/L), median (IQR) 28(19—-39)
Total number of C,.n 199
Number of TDM instances. median (IQR) 2(1-3)
Number of co-medications, median (IQR) 8(5—-10)
Duration of therapv (davs). median (IQR) 36 (18 — 81)
Clinical outcome. n (%)

Complete response 17 (20.5)

Partial response 39 (46.9)

No response 15 (18.1)

Not assessable 12 (14.5)




VARIABILITY OF VORICONAZOLE TROUGH LEVELS IN HEMATOLOGICAL PATIENTS:
INFLUENCE OF CO-MEDICATIONS WITH CYP INHIBITORS

AND/OR WITH CYP INHIBITORS PLUS CYP INDUCERS
Cojutti P, Candoni A, Forghieri F, Isola M, Zannier ME, Bigliardi S, Luppi M, Fanin R, Pea F
Basic Clin Parmacol 2016 Jun; 118(6): 474-9

UNIVARIATE AND MULTIVARIATE MIXED-EFFECT LINEAR REGRESSION OF
VARIABLES POTENTIALLY ASSOCIATED WITH NORMALIZED VORICONAZOLE Cyr (N = 199)

Univariate analysis Multivariate analysis
Variable Unstandardized f3-coefficient P Unstandardized p-coefficient P
(95% CI) (95% CI)*

Age (years) -0.005 (-0.025, 0.015) 0.611

Sex (male vs. female) 0.512 (-0.114. 1.139) 0.109

ALT (UVL) 0.0 (-0.003. 0.003) 0.816

Route of administration (IV vs. oral) 0.409 (-0.167. 0.987) 0.164

Number of co-medications 0.046 (-0.046, 0.137) 0.324

Creatinine clearance (immL/nun) -0.002 (-0.006, 0.002) 0.346

Co-treatment with:

CYP inhibitors
Omeprazole (78/199) 0.223 (-0.355. 0.801) 0.450 1.714 (0.956, 2.471) <0.001
Pantoprazole (52/199) 0.734 (0.065, 1.401) 0.031 1.644 (0.905, 2.383) <0.001

CYP inducers
Methylprednisolone (38/199) -1.187 (-1.892. -0.480) 0.001 -1.651 (-2.336, -0.966) <0.001
Dexamethasone (16/199) -0.693 (-1.786. 0.400) 0.214 -1.927 (-3.053. -0.801) 0.001
Phenobarbital (3/199) -1.146 (-3.055, 0,762) 0.239 -2.634 (-4.521. -0.747) 0.006
Rifampin (2/199) -3.381 (-5.686. -1.076) 0.004 -3.179 (-5.345, -1.014) 0.004
Carbamazepine (2/199) -3.354 (-8.329, 1.622) 0.186 -4.193 (-8.398, 0.013) 0.051

* Cmin  normalized to a voriconazole dose of 4 mg/kg every 12h: ALT. alanine aminotransferase: CYP, cytochrome P450; IV,

mtravenous;



DOSE OPTIMISATION OF VORICONAZOLE WITH TDM IN CHILDREN:

A SINGLE-CENTRE EXPERIENCE IN CHINA
Liu X et al. Int J Antimicrob Agents 2017 Apr; 49(4): 483-487

CHARACTERISTICS OF PATIENTS AND INITIAL DRUG LEVELS OF VORICONAZOLE

Characteristic

Total (N=107) By age group

<2years(n=75)

2-12 years (n =32)

Age (years) [mean (range)] 21(01-111) 0.6(0.1-1.9)
Body weight (kg) [mean (range)] 11.7 (4.0-49.0) 7.9(4.0-14.0)
Sex male [n (%)] 76(71.0) 56(74.7)
Days from start of therapy to initial sampling [mean (range)] 4.8 (2-20) 4.8(2-10)
Underlying conditions [n (%)]

Immunocompetent with long-term antibiotics 79(73.8) 64 (85.3)
Haematological malignancies 11(10.3) 0
Non-neoplastic haematological disorders 8(7.5) 4(5.3)
Immunodeficiencies 9(8.4) 7(9.3)
Treatment indication [n (%)]

Prophylaxis 1(0.9) 0
Empirical 33(30.8) 28(37.3)
Therapeutic

Possible 16(15.0) 8(10.7)
Probable 53 (49.5) 37 (49.3)
Proven 4(3.7) 2(2.7)
Route of administration [n (%)]

Intravenous 101 (94.4) 74(98.7)
Oral 6(5.6) 1(13)
Initial drug level [n (%)]

Subtherapeutic (<1.0 mg/L) 52(48.6) 40(53.3)
Therapeutic (1.0-5.5 mg/L) 51(47.7) 34(45.3)
Supratherapeutic (>5.5 mg/L) 4(3.7) 1(1.3)

5.4(2.0-111)
20.6{12.0-49.0)

20(62.5)

4.9(2-20)

15 (46.9)
11(34.4)
4(12.5)
2(6.3)

1(3.1)
5(15.6)

8 (25.0)
16(50.0)
2(6.3)

27 (84.4)
5(15.6)

12(37.5)
17(531)
3(9.4)




DOSE OPTIMISATION OF VORICONAZOLE WITH TDM IN CHILDREN:

A SINGLE-CENTRE EXPERIENCE IN CHINA
Liu X et al. Int J Antimicrob Agents 2017 Apr; 49(4): 483-487

EFFECT OF DOSE ON THE PERCENTAGE OF CHILDREN < 2 YRS OBTAINING
THERAPEUTIC (DARK GREY), SUBTHERAPEUTIC (LIGHT GREY) OR SUPRATHERAPEUTIC (BLACK) TROUGH VALUES
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DOSE OPTIMISATION OF VORICONAZOLE WITH TDM IN CHILDREN:

A SINGLE-CENTRE EXPERIENCE IN CHINA
Liu X et al. Int J Antimicrob Agents 2017 Apr; 49(4): 483-487

EFFECT OF OMEPRAZOLE ON THE PERCENTAGE OF CHILDREN OBTAINING TROUGH VALUES OF
<1 MG/L (LIGHT GREY) OR 21 MG/L (DARK GREY)
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DOSE OPTIMISATION OF VORICONAZOLE WITH TDM IN CHILDREN:

A SINGLE-CENTRE EXPERIENCE IN CHINA
Liu X et al. Int J Antimicrob Agents 2017 Apr; 49(4): 483-487

EFFECT OF STEROIDS ON THE PERCENTAGE OF CHILDREN OBTAINING TROUGH VALUES OF
<1 MG/L (LIGHT GREY) OR 21 MG/L (DARK GREY)
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SUBSTANTIAL IMPAIRMENT OF VORICONAZOLE CLEARANCE

BY HIGH-DOSE MEROPENEM IN A PATIENT WITH RENAL FAILURE
Mahmoudi M et al. Clin Infect Dis 2017 May 13 on line published

IMPACT OF MEROPENEM ON THE TIME COURSE OF VORICONAZOLE PLASMA CONCENTRATION/DOSE RATIOS (C/D)
AND MOLAR METABOLIC RATIOS OF VORICONAZOLE N-OXIDE / VORICONAZOLE (MR) IN A PATIENT WITH SEVERE RENAL FAILURE
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SUBSTANTIAL IMPAIRMENT OF VORICONAZOLE CLEARANCE

BY HIGH-DOSE MEROPENEM IN A PATIENT WITH RENAL FAILURE
Mahmoudi M et al. Clin Infect Dis 2017 May 13 on line published

CONCENTRATION-DEPENDENT INHIBITION OF CYP3A4 (N = 3 TRIPLICATES) AND CYP2C19 (N = 5 TRIPLICATES) BY MEROPENEM

_ . CYP2C19

2

e

z

o

< ‘ CYP3A4

25-
0 r——— —
0.1 1 10 100 1000

Meropenem [ug/mL]




CURRENTLY AVAILABLE TRIAZOLES

Fluconazole [
0
Ne Al N
<zjl N-"i> N N
ey S <)
o

Y Itraconazole N \/l
/= OMO/EJ
Na

Voriconazole

N
\
N’O

)

IS
Isavuconazole (\N

Posaconazole N
/=N 0” C
NN

Rybak JM et al. Pharmacotherapy 2015; 35(11): 1037-1051




TDM FOR INVASIVE MOULD INFECTIONS AND DISEASE:

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

POSACONAZOLE AND TDM

* The case for TDM of posaconazole is currently in a state of flux following
infroduction of a newer tablet formulation, which has improved oral
bioavailability

* C.in Should be measured 7 days after initiation of therapy or a dosage
adjustment

* When posaconazole suspension is used, TDM is particularly indicated if there
are concerns about gastrointestinal absorption and if there is uncertainty about

compliance




A REFERENCE LABORATORY EXPERIENCE OF CLINICALLY ACHIEVABLE
VORICONAZOLE, POSACONAZOLE, AND ITRACONAZOLE CONCENTRATIONS

WITHIN THE BLOODSTREAM AND CEREBRAL SPINAL FLUID
Wiederhold NP et al. Antimicrob Agents Chemother 2014 58: 424-431

POSACONAZOLE PLASMA CONCENTRATIONS

EB- 800
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ANTIFUNGAL PROPHYLAXIS WITH POSACONAZOLE IN PATIENTS WITH AML:
DOSE INTENSIFICATION COUPLED WITH AVOIDANCE OF PPIs
IS BENEFICIAL IN SHORTENING TIME TO EFFECTIVE CONCENTRATIONS

Cojutti P, Candoni A, Simeone E, Franceschi L, Fanin R, Pea F.
Antimicrob Agents Chemother 2013 Dec:57(12):6081-4

PATIENT DEMOGRAPHIC AND CLINICAL CHARACTERISTICS

Value for group

Variable® 1{n=10) 2(n=11) J(n=10) 4 (n=11) P value
Demographics
Mean age (yr) = SD 52.3 £ 18.2 401 = 189 44.7 = 17.5 44.1 £ 129 0,80
No. of male patients/no. of female patients 317 714 5/5 4/7 0.41
Median wt (kg) (1Q range) 73.0 (62.6-74.7) 63.0 (30.0-75.7) 66.5 (55.0-85.0) 72.0 (60.7-80.0) 0.53
Median BMI (kg/m?) (1Q range) 25.1 (23.5-27.0) 23.7 (17.7-25.8) 22,9 (18.7-27.3) 24.4 (23.4-28.9) 0.07
Baseline laboratory parameters
Median AST level (Ul/liter) (1Q range) 14 (12-18) 20 (11-30) 17 (14-27) 15 (10-23) 0.42
Median ALT level (Ul/liter) (1Q range) 14 (11-27) 29 (21-32) 23 (16-28) 23 (14-20) 0.23
Median y-GT level (Ul/liter) (IQ range) 30 (21-62) 62 (32-73) 63 (25-313) 39 (18-77) 0.33
Median albumin level (g/liter) (1Q range) 32.0(31.2-36.2) 34,4 (32.3-36.3) 32.5(32.1-33.6) 33.8 (31-35.3) 0.86
Posaconazole prophylaxis
Dosing regimen 200 mg q8h 200 mg q8h 200 mg q6h 200 mg q6h
Mean duration of treatment (days) = SD 17.8 = 8.5 17775 17.7 £ 9.8 14.7 £ 4.5 .88
Coadministered PPI No Yes No Yes
Omeprazole 40 mg Lv. 0 4 0 5
Pantoprazole 20 mg per os 0 7 0 6
No. of patients with underlying condition
Mucositis (grades Il to 111) 0 2 1 4 0.14
Diarrhea (grades Il to [11) 0 1 0 0
Vomiting () 0 0 0
No. of patients in compliance with food intake”
High compliance 9 10 10 9 0.57
Low compliance 1 1 0 2 0.57




ANTIFUNGAL PROPHYLAXIS WITH POSACONAZOLE IN PATIENTS WITH AML:
DOSE INTENSIFICATION COUPLED WITH AVOIDANCE OF PPIs
IS BENEFICIAL IN SHORTENING TIME TO EFFECTIVE CONCENTRATIONS

Cojutti P, Candoni A, Simeone E, Franceschi L, Fanin R, Pea F.
Antimicrob Agents Chemother 2013 2013 Dec;57(12):6081-4

MEDIAN AND 25°-75° PERCENTILE RANGE OF POSACONAZOLE C, 1S ON DAYS 2, 4 AND 8
IN LEAUKEMIC PATIENTS AFTER INDUCTION CHEMOTHERAPY

2500

1| 3 200 mg g8h wo PPI -
1| BB 200 mg q8h w PPI

2000 - | 3 200 mg g6h wo PPI
| | B 200 mg q6h w PPI

1500 -

1000 -

700 += = = = o | — -

500 { T o

Posaconazole C;, (ng/mL)

Days of TDM assessment



TDM FOR INVASIVE MOULD INFECTIONS AND DISEASE:

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

POSACONAZOLE AND TDM

* The case for TDM of posaconazole is currently in a state of flux following
infroduction of a newer tablet formulation, which has improved oral
bioavailability

* C.in Should be measured 7 days after initiation of therapy or a dosage
adjustment

* When posaconazole suspension is used, TDM is particularly indicated if there
are concerns about gastrointestinal absorption and if there is uncertainty about
compliance

* The oral bioavailability of posaconazole tablets and capsules is better than
the suspension although considerable variability is still seen, suggesting that
TDM should be considered




Personal unpbuplished data
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REAL-LIFE ASSESSMENT OF THE SAFETY AND EFFECTIVENESS OF THE NEW
TABLET AND INTRAVENOUS FORMULATIONS OF POSACONAZOLE IN THE
PROPHYLAXIS OF INVASIVE FUNGAL INFECTIONS: ANALYSIS OF 343 COURSES.
Tverdek FP et al. Antimicrob Agents Chemother 2017 May 15 online published

ALGORITHM FOR INCLUSION OF CASES

1043 Patients with 1321 episodes of POSA DR / IV formulations

“\\____,. 763 episodes excluded — POSADR / IV
used as treatment or < 3 days

558 Episodes of POSA DR / IV primary prophylaxis

—_
[ \
\
\

p > 215 excluded -not first episode

343 patients with first episode POSA DR primary prophylaxis




REAL-LIFE ASSESSMENT OF THE SAFETY AND EFFECTIVENESS OF THE NEW
TABLET AND INTRAVENOUS FORMULATIONS OF POSACONAZOLE IN THE

PROPHYLAXIS OF INVASIVE FUNGAL INFECTIONS: ANALYSIS OF 343 COURSES.
Tverdek FP et al. Antimicrob Agents Chemother 2017 May 15 online published

BASELINE PATIENTS CHARACTERISTICS

Characteristics All patients (n=343), \ (%)
Age (years). median (IQR) 59 (43-70)
Male 194 (57)
Weight (kg). median (IQR) 76 (65-92)
BMI (kg/m) . median (IQR) 27.6 (22.9-31.6)
Race
White 246(72)
Black 24(7)
ﬁlispunic o 50(15) o
Asian - - 15 (4)
Unknown 8(2)

Mnlignﬁl]cy

AML 212(62)
ALL 50 (15)
CML - 18(5) |
CLL - 9(3) -]
MM 2(h ]
MDS 28 (8) l
Lymphoma 17 (3) "
Other” 7(2) \
Active malignancy 270(79)
History of HSCT 70 (20)
‘GVHD 11 or more® 25 (30)




REAL-LIFE ASSESSMENT OF THE SAFETY AND EFFECTIVENESS OF THE NEW
TABLET AND INTRAVENOUS FORMULATIONS OF POSACONAZOLE IN THE

PROPHYLAXIS OF INVASIVE FUNGAL INFECTIONS: ANALYSIS OF 343 COURSES.
Tverdek FP et al. Antimicrob Agents Chemother 2017 May 15 online published

COMPARISON OF CLINICAL CHARACTERISTICS vs. POSACONAZOLE Cyrn (N = 76)

Characteristics | Total patients Posaconazole <700 ng/ml | Posaconazole 2700 ng/m! | a
| (n=76),N (%) (n=14). N (%) (n=62). N (%) pedioc
Age (years). median 60 (51 -67) 48 (31-61) | 62 (54-68) 0.03
(IQR)
Male 47 (62) 10(71) 37 (60) 041
Weight (kg). median 81 (66 - 95) 84 (69-108) 79 (66-93) 031
(IQR) ‘
BMI (kg/m”) . median | 28 (23 - 32) 27 (25-32) 28 (23-32) 0.83
(IQR)
Race 0.88
White 57(75) 10 (71) ' 47 (76)
Black (1) 2(14) ;6(10)
Hispanic (1) S(14) 6(10)
~ Asian (N 0 12 i
Unknown 2(3) 0 2(3)
Malignancy
AML 42 (55) 321 39 (63) 0.01
ALL 19(12) 2(14) 7(11) 0.75
CML 6(8) 4(29) 2(3) <0.01




REAL-LIFE ASSESSMENT OF THE SAFETY AND EFFECTIVENESS OF THE NEW
TABLET AND INTRAVENOUS FORMULATIONS OF POSACONAZOLE IN THE

PROPHYLAXIS OF INVASIVE FUNGAL INFECTIONS: ANALYSIS OF 343 COURSES.
Tverdek FP et al. Antimicrob Agents Chemother 2017 May 15 online published

COMPARISON OF CLINICAL CHARACTERISTICS vs. PASACONAZOLE Cyry (N = 76)

Characteristics | Total patients Posaconazole <700 ng/ml | Posaconazole 2700 ng/m! | 3
| @=T6).N(%) (n=14). N (%) | (n=62). N (%) pealuc
CLL 1(1) 0 (1) 0.63
MM 1(1) 0 (1) 0.63
MDS 9(12) 2(19) 7(11) 0.75
Lymphoma 7(9) 2(19) 5(8) 0.47
Other LD 1 (7) 0
Malignancy status . 0.24
Active i 56 (74) 8(57) 48 (77)
Remission 15 (20) 5(38) 10 (16)
B — R L 14(6)
History of HCT a9 5(1D) 5(28) 70.06
GVHD II or more” 13520 4/9 (44) 9/23 (39) 0.78
Concomitant drug |
H» antagonists 11 (14) 32hH 8(13) 041
PPI 48 (63) 8(57) 40 (65) 0.601




REAL-LIFE ASSESSMENT OF THE SAFETY AND EFFECTIVENESS OF THE NEW
TABLET AND INTRAVENOUS FORMULATIONS OF POSACONAZOLE IN THE
PROPHYLAXIS OF INVASIVE FUNGAL INFECTIONS: ANALYSIS OF 343 COURSES.

Tverdek FP et al. Antimicrob Agents Chemother 2017 May 15 online published

CLINICAL FEATURES OF 8 PATIENTS WITH BREAKTHROUGH INVASIVE FUNGAL INFECTIONS

D'uy.s'
after
Patiel | e | G | MemarOlogie | o nSOT | Siie P ctartof | POSAsemum | o, 0 Outcomo | 53 S99
t malignancy organism POSA level (ng/ml) oulcome
prophylu
xis
| 56 M MM Yes Lung Not otherwise ‘Death, GI GVHD
specified yeast 13 1.490 ‘complications -
[ 2 54 F CLL No Blood | Rhodatorula spp. | Clinical Chinical
i improvement of improvement
i 7 None IFI of IFI
3 58 F MDS Yes Lung Penicillium spp. 9 1.400 Death, related IFI
4 46 M AML No Lung Aspergillus flavus Death, likely IFI
3 None related
5 57 F AML No Skin Fusarium spp. Clinical Clinical
| mprovement of improvement
‘ 14 1.960 IF] of [Fl
6 72 F AML No Lung Positive Clinical Clinical
palactomannan improvement of improvement
only 16 1.160 IFI of 1FI
7 61 M AML Yes ‘Blood | Positive i ' IFK VY
galactomannan Death, sepsis &
only 46 1,770 ‘GVHD i -
|8 65 M MDS No Lung | Positive
galactomannan Clinical worsening Death.
only 12 1510 of IFl preumonii




REAL-LIFE ASSESSMENT OF THE SAFETY AND EFFECTIVENESS OF THE NEW
TABLET AND INTRAVENOUS FORMULATIONS OF POSACONAZOLE IN THE
PROPHYLAXIS OF INVASIVE FUNGAL INFECTIONS: ANALYSIS OF 343 COURSES.

Tverdek FP et al. Antimicrob Agents Chemother 2017 May 15 online published

COMPARISON OF CLINICAL CHARACTERISTICS ACCORDING TO HEPATOTOXICITY

Characteristics Total paticnts (n=316), | No hcpmolslxicily (n=299). | Hepatotoxicity (n=17), p-value’
N (%) N (%) N (%)
Age (years), median (IQR) 60 (44 - 71) 60 (43-70) 65 (44-73) 0.64
Male 179 (57) 168 (56) 11 (65) 0.49
Weight (kg). median (IQR) | 76 (64 -91) 76 (64-91) 76 (69-86) 0.41
BMI (kg/mz) . median (IQR) | 27(23 - 31) 26.4(23-31) 27.5 (25- 33) 0.27
Race 0.83
White 225 (711) 212 (71) 13 (76)
Black 23(7) 22 (7) [ (6)
Hispanic 46 (15) 43 (14) 3(18)
Asian 15(5) 15 (5) 0
Unknown 7(2) 7(2) 0
Malignancy 0.23
AML 192 (61) 184 (62) 8(47) T -
ALL 46(15) 42 (14) 4(24)
CML 16 (5) 13(4) 3(IR)
CLL 9(3) 9(3) 0
MM 2(1 2(1) 0
MDS 29.(9) 26 (9) 2(12)




REAL-LIFE ASSESSMENT OF THE SAFETY AND EFFECTIVENESS OF THE NEW
TABLET AND INTRAVENOUS FORMULATIONS OF POSACONAZOLE IN THE

PROPHYLAXIS OF INVASIVE FUNGAL INFECTIONS: ANALYSIS OF 343 COURSES.
Tverdek FP et al. Antimicrob Agents Chemother 2017 May 15 online published

COMPARISON OF CLINICAL CHARACTERISTICS ACCORDING TO HEPATOTOXICITY

Characteristics Total patients (n=316), | NO l‘°P“‘°‘3"i°i‘)’ (n=299). | Hepatotoxicity (n=17), p-value®
N (%) N (%) N (%)
Lymphoma 17(5) 17 (6) 0 ‘
Other® 6(2) 6(2) 0 |
Malignancy status ‘ 0.83
Active 246 (78) 233(78) 13 (76) y
Remission 43 (14) 40 (13) 3(18) |
Unknown 27(9) 26 (9) 1(6) |
History of HSCT 66(21) 62 (21) 4(24) ! 0.78
GVHD Il or more® 23/66 (35) 20/62 (32) 3/4 (75) ! 0.08




MULTICENTRE STUDY OF POSACONAZOLE DELAYED-RELEASE TABLET SERUM LEVEL

AND ASSOCIATION WITH HEPATOTOXICITY AND QTC PROLONGATION
Pettit N et al. J Antimicrob 2017 May 5 on line published

LEVELS OF SERUM POSACONAZOLE vs. CHANGES IN AST, ALT, ALK OR TBILI FROM BASELINE
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MULTICENTRE STUDY OF POSACONAZOLE DELAYED-RELEASE TABLET SERUM LEVEL

AND ASSOCIATION WITH HEPATOTOXICITY AND QTC PROLONGATION
Pettit N et al. J Antimicrob 2017 May 5 on line published

RISK OF HEPATOTOXICITY VS. ADDITIONAL CONCOMITANT HEPATOTOXIC MEDICATION (N = 163)

ALK (U/L) TBILI (mg/dL)
Number of hepatotoxic
medications baseline mean (5D)  repeat mean (SD) B (SE) P baseline mean (SD)  repeat mean (SD) B (SE) P
0 92 (55) 99 (51) reference  0.09 0.7 (0.3) 0.7(0.3) reference 0.01
1 118 (97) 149 (98) 24.3 (12.5) 0.9 (0.8) 1.3(1.2) 0.4(0.2)
=2 98 (74) 130 (102) 2464 (120) 0.8 (1.0) 1.3(0.9) 0.5(0.2)

Univariate linear regression analysis of change in LFTs from baseline to post-therapy.
p is the regression coefficient for that stratum relative to the reference stratum (no medications): p= 0 indicates a mean increase in LFT and p<0in-
dicates a mean decrease in LFT.




VISUAL HALLUCINATIONS ASSOCIATED WITH

HIGH POSACONAZOLE CONCENTRATIONS IN SERUM
Parkes L et al. Antimicrob Agents Chemother 2015 Dec 7; 60(2): 1170-1

DATES AND TREATMENTS FOR A 37-KG, 69-YEAR-OLD FEMALE WITH CPA

Date Antifungal treatment Posaconazole level (pg/ml)  Feature(s) of toxicity

21 May 2014 Itraconazole (200 mg p.o. BID) started Asymptomatic

26 February 2015 Itraconazole stopped Asymptomatic

4 June 2015 Voriconazole (200 mg p.o. BID) started Asymptomatic

11 June 2015 Voriconazole (200 mg p.o. BID) Visual hallucination

18 June 2015 Voriconazole stopped Visual hallucination

18 June 2015 Posaconazole suspension (200 mg p.o. QID) Improving visual hallucination

4 August 2015 Posaconazole tablets (300 mg p.o. daily) started Asymptomatic

9 August 2015 Posaconazole tablets (300 mg p.o. daily) Visual hallucination, cogwheeling, postural
hypotension, dysphagia, cognitive impairment

13 August 2015 Posaconazole tablets (300 mg p.o. daily) 10.10 Visual hallucination, cogwheeling, postural
hypotension, dysphagia, cognitive impairment

20 August 2015 Posaconazole held 5.47 Improving symptoms

28 August 2015 Posaconazole held 0.17 No neurological signs or symptoms

29 August 2015 Posaconazole suspension (200 mg p.o. BID) started No neurological signs or symptoms

31 August 2015 Posaconazole suspension (200 mg p.o. BID) 0.64 No neurological signs or symptoms




TDM FOR INVASIVE MOULD INFECTIONS AND DISEASE:

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

POSACONAZOLE AND TDM

* The tablet and oral suspension formulations of posaconazole are not

considered interchangeable due to different dosing and pharmacokinetics




FDA Piieimoneimnast ©Drug Safety Communications

FDA Drug Safety Communication: FDA cautions about dosing errors when
switching between different oral formulations of antifungal Noxafil (posaconazole);
label changes approved

Safety Announcement

[1-04-2016] The U.S. Food and Drug Administration (FDA) is cautioning that
differences in dosing regimens between the two oral formulations of the antifungal
Noxafil (posaconazole) have resulted in dosing errors. To help prevent additional
medication errors, the drug labels were revised to indicate that the two oral formulations
cannot be directly substituted for each other but require a change in dose. Direct mg for
mg substitution of the two formulations can result in drug levels that are lower or higher
than needed to effectively treat certain fungal infections.

Prescribers should specify the dosage form. strength, and frequency on all prescriptions
they write for Noxafil. Pharmacists should request clarification from prescribers when
the dosage form, strength, or frequency 1s not specified. Patients should talk to their
health care professional before they switch from one oral formulation to the other.




EUROPEAN MEDICINES AGENCY

NCE MEDICINES HEALTH

24 June 2016
EMA/425762/2016

EMA warns that Noxafil tablets and oral suspension have
different doses and are not interchangeable
Prescriptions should indicate which dose form is intended

Product information for Noxafil (posaconazole) is to be updated to strengthen warnings that the two
dose forms given by mouth cannot be simply interchanged at the same dose. Noxafil, a medicine for
serious fungal infections, is available by mouth as tablets (100 mg) and oral suspension (40 mg/ml),
but the recommended doses for the two forms are different.

Some patients have mistakenly received oral solution instead of tablets, leading to underdosing and to
a potential lack of effect. Similarly, there are reports of patients given tablets instead of oral solution,
leading to overdosage and side effects.

The product information is therefore to be updated to strengthen existing warnings that the two forms
cannot be simply interchanged, and the packaging will also be changed to distinguish the two forms
more clearly and to carry a warning statement that they should not be substituted for one another
without adjusting the dose.

Healthcare professionals will also receive a letter in the coming weeks reminding them of the problem.
Prescribers are advised to make clear which form is intended when they write a prescription, and
pharmacists should ensure that the correct form is dispensed.




TDM FOR INVASIVE MOULD INFECTIONS AND DISEASE:

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

POSACONAZOLE AND TDM

* The tablet and oral suspension formulations of posaconazole are not
considered interchangeable due to different dosing and pharmacokinetics

* For patients with established disease, the probability of a clinical response
increases with increasing drug exposure

* For salvage therapy, target C,;, should be > 1.0 mg/L, though this does not
incorporate an estimate of MIC




CURRENTLY AVAILABLE TRIAZOLES
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TDM FOR INVASIVE MOULD INFECTIONS AND DISEASE:

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

ISAVUCONAZOLE AND TDM

* The case for TDM of isavuconazole is uncertain at the present time

* Analysis of clinical trial data does not reveal any relationship between various
measures of drug exposure (e.g. AUC, C,,) and efficacy endpoints (all-cause
mortality, clinical response) or safety endpoints, although this information is
only available in abstract form at present

« It is important to recognize that these analyses were performed on the
Phase IIT clinical trial using an optimized regimen

* Consequently, there is little opportunity to observe concentration-dependent

clinical failures and therefore identify a threshold for TDM



ISAVUCONAZONIUM SULFATE:

A TRIAZOLE PRODRUG FOR INVASIVE FUNGAL INFECTIONS
Murrell D et al. Int J Pharm Pract 2017; 25: 18-30

ADVANTAGES OF ISZ OVER OTHER AVAILABLE TRIAZOLE AGENTS

Characteristic ISZ%. %7 POS™ ™ veZ** Itraconazole® *
Anti-aspergillus and Aspergillus + mucorales Aspergillus + mucorales Aspergillus Aspergillus
mucorales activity

Formulation Oral/lV Oral/lV Oral/lV Oral/lvV

Oral bioavailability Equivalent to intravenous Depends on dosing frequency 90%-95% 30% tablet

Food requirement for
absorption

Not required

and food (range of 8%-47%)
Increased absorption (with a
fatty meal)

Decreased absorption (with
a fatty meal)

50% solution
Increased absorption
with acidity




SUCCESSFUL ISAVUCONAZOLE SALVAGE THERAPY

IN A PATIENT WITH INVASIVE MUCORMYCOSIS
Ervens J et al. Infection 2014; 42:429-432

POSACONAZOLE:
> 200 M6 Q6H PER OS
WITH HIGH FAT MEAL ISAVUCONAZOLE:
+ 200 MGQ8H IV ON DAYS 104-105
LIPOSOMAL AMPB: 200 MG Q24H IV ON DAYS 106-107
5 MG/KG6/DAY 200 M6 Q24H ORALLY FROM DAY 108 ON
Day* Posaconazole trough Posaconazole level: ! Day’ [savuconazole trough Isavuconazole level:
level: plasma (pg/mL) soft-tissue (pg/g) level: plasma (pg/mL) soft-tissue (pg/g)
10 .16 112 0.86 1.09-1.38°
12 <0.19 113 (.76
13 0.09 17 0.82 TISSUE/PLASMA
19 0.12 TR & RATIO=1.3- 1.6
26 (.10 148 1.63
Y ND 0.03 155 1.76
32 0.19 |87 PRY
27 283
STOP : x
POSACONAZOLE 250 285
ON DAY 52 ; ,
LIPOSOMAL AMPB 283 34
ON DAY 96 13 30




TDM FOR INVASIVE MOULD INFECTIONS AND DISEASE:

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

ISAVUCONAZOLE AND TDM

* TDM could be considered in selected clinical cases where drug exposure needs
to be confirmed (e.g. severe gut disease from GVHD where oral absorption

may be problematic, treatment of CNS disease, or treatment of a non-wild-

type fungal pathogen).




THE IMPACT OF MUCOSITIS ON ABSORPTION AND SYSTEMIC DRUG EXPOSURE

OF ISAVUCONAZOLE
Kovanda LL et al. Antimicrob Agents Chemother 2017 May 24. 61(6). pii: e00101-17

FLOWCHART ILLUSTRATING FLOW OF ISAVUCONAZOLE-TREATED PATIENTS
INTO THE MUCOSITIS AND NON-MUCOSITIS POPULATIONS

404 enrolled
(258 SECURE + 146 VITAL)

[ 286 with plasma concentrations } [ 118 without plasma concentrations
{ 92 with mucositis ]
[ 41V only |
L ———
32 mucosotis
onset after
treatment or no
PK during PO
——
Mucositis Population: Non-Mucositis Population:
n=56 (received PO during mucositis n=194

episode)




THE IMPACT OF MUCOSITIS ON ABSORPTION AND SYSTEMIC DRUG EXPOSURE

OF ISAVUCONAZOLE
Kovanda LL et al. Antimicrob Agents Chemother 2017 May 24. 61(6). pii: e00101-17

DEMOGRAPHICS, BACKGROUND DISEASE AND DURATION OF THERAPY

Value for:
Mucositis patients Nonmucositis patients Total

Characteristic (n = 56) (n = 194) (n = 250)
Age (yrs), median (minimum-maximum) 50 (18-79) 52 (19-92) 52 (18-92)
Male sex, no. (%) 32(57) 123 (63) 155 (62)
Race, no. (%)

White 48 (86) 149 (77) 197 (79)

Asian 7(13) 31(16) 38(15)

Black 1(2) 9(5) 10 (4)

Other 0 5(3) 5(2)
Wt (kg), mean + SD 71.7 £ 18.1 69.5 + 184 70.0 + 18.3
Underlying disease or condition, no. (%)

Hematological malignancy 50 (89.3) 101 (52.1) 151 (60.4)

Active malignancy 40 (71.4) 76 (39.2) 116 (46.4)

Allogeneic HSCT 15 (26.8) 33(17.0) 48 (19.2)

Baseline neutropenia 43 (78.2) 64 (41.8) 107 (51.4)

T-cell immunosuppressants 23 (41.8) 82(51.9) 105 (49.3)

Use of corticosteroids 8(14.3) 47 (24.2) 55(22.0)
Duration of therapy (days), median (range)

Total duration 75.5 (8-735) 83 (1-882) 82 (1-882)

i.v. formulation 9 (2-45) 7 (0.5-77) 7.5 (0.5-77)

Oral formulation 58 (1-690) 79.8 (0.5-882) 73 (0.5-882)




THE IMPACT OF MUCOSITIS ON ABSORPTION AND SYSTEMIC DRUG EXPOSURE

OF ISAVUCONAZOLE
Kovanda LL et al. Antimicrob Agents Chemother 2017 May 24. 61(6). pii: e00101-17

COMPARISON OF PLASMA CONCENTRATIONS DRAWN DURING ORAL ADMINISTRATION AFTER DAY 7 OF THERAPY

1“‘ —

Mann-Whitney U Test p-value = 0.0011

Plasma Concentration (mg/L)

| |
Non-Mucositis patients Mucositis patients




THE IMPACT OF MUCOSITIS ON ABSORPTION AND SYSTEMIC DRUG EXPOSURE

OF ISAVUCONAZOLE
Kovanda LL et al. Antimicrob Agents Chemother 2017 May 24. 61(6). pii: e00101-17

COMPARISON OF MEDIAN ESTIMATES OF ORAL BIOAVAILABILITY FROM THE POP-PK MODEL

1004

(e
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1

Mann-Whitney U Test p-value < 0.0001

Oral bioavailability (%)

| | |
Mucositis patients Non-Mucositis patients




THE IMPACT OF MUCOSITIS ON ABSORPTION AND SYSTEMIC DRUG EXPOSURE

OF ISAVUCONAZOLE
Kovanda LL et al. Antimicrob Agents Chemother 2017 May 24. 61(6). pii: e00101-17

COMPARISON OF AVERAGE AUCs CALCULATED FROM THE POP-PK MODEL

400+

3004
p=0.706; Mann Whitney U test
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THE IMPACT OF MUCOSITIS ON ABSORPTION AND SYSTEMIC DRUG EXPOSURE

OF ISAVUCONAZOLE
Kovanda LL et al. Antimicrob Agents Chemother 2017 May 24. 61(6). pii: e00101-17

COMPARISON OF FACTORS IMPACTING ORAL ABSORPTION OF TRIAZOLE ANTIFUNGAL DRUGS

Datum for drug

Isavuconazonium
Factor sulfate Voriconazole Posaconazole (14)
Formulation Capsule Tablets Solution Tablets
Water solubility Y (prodrug) N N N
Bicavailability (%)
Healthy subjects 98 (11) 96 (29) 8-48 (fasted) 54 (fasted)
Patients 97 (5) 64 (30)
Gl motility agents None No data found Decreases None
pH effect None None Decreases in reduced acidity None
Food effect None Decreases concentrations Increases concentrations (especially Conax 3nd AUC increases
high fat, nutritional supplement, 16% and 51% with
or acidic carbonated beverage) high-fat foods
Other F significantly lower in CF lung tx Divided doses increase absorption
(23%) pts vs non-CF lung tx
(63%) (23); 2 factors with
significant association with F in
lung tx pts: CF, postoperative
time (increased with increasing
time) (23)
Substrate of Pgp N N Y Y

aAbbreviations: Y, yes; N, no; Gl, gastrointestinal; F, bicavailability; CF, cystic fibrosis; Pap, P-glycoprotein; C..,, maximum concentration; tx pts, transpiant patients.




ISAVUCONAZONIUM SULFATE:

A TRIAZOLE PRODRUG FOR INVASIVE FUNGAL INFECTIONS
Murrell D et al. Int J Pharm Pract 2017; 25: 18-30

ADVANTAGES OF ISZ OVER OTHER AVAILABLE TRIAZOLE AGENTS

Characteristic ISZ%.» POS™ 7" VCZoo-# Itraconazole® *
Anti-aspergillus and Aspergillus + mucorales Aspergillus + mucorales Aspergillus Aspergillus
mucorales activity
Formulation Oral/lV Oral/lV Oral/lV Oral/lvV
Oral bioavailability Equivalent to intravenous Depends on dosing frequency 90%-95% 30% tablet

and food (range of 8%-47%) 50% solution
Food requirement for Not required Increased absorption (witha  Decreased absorption (with Increased absorption
absorption fatty meal) a fatty meal) with acidity
Kinetics Linear and predictable Nonlinear Nonlinear Nonlinear

Interpatient variability Minimal Significant Significant Significant




ISAVUCONAZOLE:

A NEW BROAD-SPECTRUM TRIAZOLE ANTIFUNGAL AGENT
Miceli MH and Kauffman CA. Clin Infect Dis 2015 Nov 15; 61(10): 1558-65

PHARMACOLOGY

Isavuconazole has a large volume of distribution, is >99% protein bound,
and has a long terminal half-life of 100-130 hours
Metabolism of isavuconazole takes place in the liver via the CYP enzyme

family, specifically CYP3A4 and CYP3A5 isoenzymes.




POPULATION PHARMACOKINETICS OF ISAVUCONAZOLE

IN SUBJECTS WITH MILD AND MODERATE HEPATIC IMPAIRMENT
Desai A et al. Antimicrob Agents Chemother 2016 Apr 22: 60(5): 3025-31

DEMOGRAPHICS AND BASELINE CHARACTERISTICS

Moderate
Mild hepatic hepatic
Healthy impairment impairment
Baseline (N =32) (N =32) (N = 32)
characteristics n (%) n (%) n (%)
Sex
Male 21 (66) 21 (66) 21 (66)
Female 11 (34) 11 (34) 11 (34)
Smoking status
Smokers 19 (59) 24 (75) 24 (75)
Non-smokers 13 (41) 8 (25) 8 (25)
Median age (range),
50 (40-64) 54 (37-64) 54 (42-64)

years

Median ht (range), cm 171 (148-185) 168 (147-180) 171 (155-180)

Median wt (range), kg 78 (53-107) 76 (56-105) 76 (58-103)

Median body mass
i 27 (22-33) 28 (21-34) 26 (22-34)
index (range), kg/m*




POPULATION PHARMACOKINETICS OF ISAVUCONAZOLE

IN SUBJECTS WITH MILD AND MODERATE HEPATIC IMPAIRMENT
Desai A et al. Antimicrob Agents Chemother 2016 Apr 22: 60(5): 3025-31

MEAN SIMULATED ISAVUCONAZOLE CONCENTRATIONS
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POPULATION PHARMACOKINETICS OF ISAVUCONAZOLE

IN SUBJECTS WITH MILD AND MODERATE HEPATIC IMPAIRMENT
Desai A et al. Antimicrob Agents Chemother 2016 Apr 22: 60(5): 3025-31

CONCLUSIONS

Due to the observation that there was less than a two-fold increase in total
isavuconazole concentrations for subjects with mild-to-moderate hepatic
impairment and no clinically relevant effect on vital signs or physical
examination findings

there appears to be no need for a dose adjustment of isavuconazonium
sulfate in patients that present with invasive aspergillosis and or

mucormycosis that also have mild-to-moderate liver impairment




TDM FOR INVASIVE MOULD INFECTIONS AND DISEASE:

PHARMACOKINETIC AND PHARMACODYNAMIC CONSIDERATIONS
Scott KE and Hope WW. J Antimicrob Chemother 2017; 72 Suppl 1: i12-i18

ISAVUCONAZOLE AND TDM

* TDM could be considered in selected clinical cases where drug exposure needs
to be confirmed (e.g. severe gut disease from GVHD where oral absorption
may be problematic, treatment of CNS disease, or treatment of a non-wild-
type fungal pathogen).

 TDM may also be indicated in circumstances where there is currently little

information (e.g. dosing in children or adolescents).




ISAVUCONAZONIUM SULFATE:

A TRIAZOLE PRODRUG FOR INVASIVE FUNGAL INFECTIONS
Murrell D et al. Int J Pharm Pract 2017; 25: 18-30

ADVANTAGES OF ISZ OVER OTHER AVAILABLE TRIAZOLE AGENTS

Characteristic I1SZ%. %7 POS™ 7" VCZoo-# Itraconazole® *
Anti-aspergillus and Aspergillus + mucorales Aspergillus + mucorales Aspergillus Aspergillus
mucorales activity
Formulation Oral/lV Oral/lV Oral/lV OralllV
Oral biocavailability Equivalent to intravenous Depends on dosing frequency 90%-95% 30% tablet

and food (range of 8%-47%) 50% solution
Food requirement for Not required Increased absorption (witha  Decreased absorption (with Increased absorption
absorption fatty meal) a fatty meal) with acidity
Kinetics Linear and predictable Nonlinear Nonlinear Nonlinear
Interpatient variability Minimal Significant Significant Significant
Half-life (t, ,) 56104 h 24-30 h 16-35 h 24-30 h

L lodeXNgin ggﬂlimt r f O r‘ 2 regyired Required Not required
50 €ifec g i im 3A4) (Cyp3A4, Cyp2C9, High (Cyp3A4, Cyp2CS8, High (Cyp3A4,

multiple drug interactions) Cyp2C19) Cyp2C9, Cyp2CI9, Cyp2D) Cyp2C9, Cyp2CI9)




GRADES OF RECOMMENDATIONS

FOR TDM OF AZOLES

HIGH/MODERATE LOW/MODERATE ?

VORICONAZOLE POSACONAZOLE ISAVUCONAZOLE
SUSP/TAB




