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Antiretroviral Activity: A Historical PerspectiveAntiretroviral Activity: A Historical Perspective
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Atazanavir ProfileAtazanavir Profile

Inhibitor of HIV proteaseInhibitor of HIV protease 
Favorable potency and resistance profile
Distributes widely (CSF, semen)
Metabolized via CYP3A4
Favorable oral bioavailability (> 50%) 
Increased absorption in fed state
Prolonged t1/2 – allows for QD dosing

Dose regimens: 
300 QD b d i h 100 i i

3

300mg QD boosted with 100mg ritonavir 
400 mg QD with food (2 capsules)
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Adherence: "It's Everything“ (WHO)Adherence:   It s Everything  (WHO)
Patients on therapy do not benefit if they don’t take medicine
Resistance develops, harming persons on therapy and othersp , g p py
Resources wasted 
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HIV Medication is Highly Effective When
Directly Observed Therapy (DOT)
vs Self-administered Therapy (SAT)

HIV Medication is Highly Effective When 
Taken as Directed
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Aims:Aims:

I. To describe pop PK of atazanavir using accurate patient p p g p
dosing‐histories

II. To demonstrate how different adherence assumptions may 
impact the population PK analysis outcomesp p p y

III. To develop ritonavir Pop PK model 

IV. To link ritonavir and atazanavir PK (ongoing work)

At i
Adherence Atazanavir

Pop PK Model

Atazanavir‐
Ritonavir

PK Interaction
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Cophar 3‐ANRS134 trialCophar 3 ANRS134 trial 
Sponsor: Agence Nationale de Recherche sur le Sida (ANRS)

35 HIV‐1 infected patients followed for six months35 HIV 1 infected patients followed for six months

Baseline plasma viral load value > 1000 copies/ml and naïve of PI

Initiating a treatment containing one protease inhibitor (PI) Atazanavir  with 
ritonavir and two nucleoside analogs (NRTI): Tenofovir and Emtricitabineritonavir and two nucleoside analogs (NRTI): Tenofovir and Emtricitabine

Observed atazanavir pharmacokinetic data, week 4 Observed troughs (week 4, 8, 16, 24)
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(i) Population PK model atazanavir(i) Population PK model atazanavir

Transit compartment model

Dose
Absorb. 
Comp.

kaktr ktrktr ktr. . . ktra0 a1 an-1 an
Central

compartment
CL/V

Model  ‐2 x log Likelihood  ∆ OFV*  RV (%)  # of PK parameters 

Zero order  328 208 48 6

Comparison of differenet absorption models

1
2
3
4

m
cg
/m

L)

ID: 3

First order   267  147  41  6 
Sequential Zero‐First order   200  80  31  9 
First order with a lag time  184  64  29  8 

Transit compartment model  120  0  18  10 
*Comparison to the Transit compartment model, RV=residual variability0
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Major findings:
One compartment disposition model
Improved absorption model (Transit compartment 

model)0 6 12 18 24
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model)
Better description of Cmax and absorption delay
Better description of exposure in general
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(ii) Influence of adherence(ii) Influence of adherence 
assumption on Pop PK outcome

All drugs were supplied in bottles with a MEMS cap
Full dosing history available for all patientsg y p
Dairy data where patients report any deviations 
from MEMS  recorded drug intake (drug holiday)

Medication 
Events
Monitoring

10

System 



Adherence data, example of 2 patientsAdherence data, example of 2 patients

Dosing history: A Dosing history: B

Missed doses: A Missed doses: B

11



Adherence, atazanavir heat mapAdherence, atazanavir heat map
Reyataz

C S

no dose 
correct intake

062001ELJI
062002CKPA
036002JBMI

062003DMFO
063003OUHQ
092001GIYO
034003JISC

062005LUZE
062004CASL

overdosing
non‐monitored

en
t i

d

073006GSWB
086001COVK
073003LJYM
073004KDTP
090003TEPC
034001AMTN
063001UOIL
090004XIEB
071003DJAT

P
at

i

073002RAFV
090002DMOX
034004FZDO
036003QGLY
063002YTZM

063004PJVI
063005GHAR
071002LYSO
073005BOID

090001OZAG
071001MEIC
092002JUFO
062008YUIE

063006RSNT
034005SLEG
036001CNSR
062006RKTB
073002RAFV

12
Study days

0 50 100 150



Adherence, ritonavir heat mapAdherence, ritonavir heat map
Norvir no dose 
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Adherence objectiveAdherence objective

To study how underlying dosing‐historyTo study how underlying dosing history 
assumptions affect atazanavir PK model 
outcomes

Variables of interest:Variables of interest:
Inter‐individual variability
Inter‐occasion variabilityy
Residual variability

14



Adherence assumptions:Adherence assumptions:
(I) Assuming steady state: 

all patients are at steady state (SS) and the lastall patients are at steady state (SS) and the last 
reported time of dose intake by the patient before a 
PK visit is accurate
Ass min f ll omplian eAssuming full compliance

(II) Full MEMS data:(II) Full MEMS data:
full dosing‐histories as recorded by MEMS are exact

(III) ”Reliable” MEMS data – GOLD standard
”reliable” dosing‐history data consists only of MEMS 

d d t ( ithi 3 h ) ith l t

15

records concordant (within 3 hours) with last 
reported time of dose intake before each PK visit



Adherence resultsAdherence results

PK Parameters  Ass :SS assumption AMEMS :Full MEMS  AGOLD :Gold standard

Parameter estimates (RSE) Final parametersParameter estimates (RSE) Final parameters
CL/F (L/h)  7.2  (4.4) 6.8 6.9 (8.1)

V/F (L)  79.2 (8.9) 102 81.1 (6.8)

ka (h‐1) 2 7 (26 8) 5 6 3 2 (42 1)ka (h )  2.7 (26.8) 5.6 3.2 (42.1)

MTT (h)  1.3 (11.2) 1.5 1.35 (11)

NN  17.3 (46.7) 8 11.5 (26.4)

IIV (CL/F)*  47.4 (28.7) 44.3 40.2 (32.7)

IOV(CL/F)*  26.5 (16.9) <1 <1

IIV (V/F)*   30.0 (43.2) 61.4 30.1 (28.5)

IIV (ka)*  73.5 (47.2) 120 78.4 (73.2)

IIV (MTT)*  47.4 (28.7) 40.1 45.2 (31.8)

RV (week 4)*  18.7 (16.9) 27.7 19.4 (15.5)

16

RV (> week 4)*  38.0 (33.1) 47.4 43.4 (10.6)

 



Adherence assumption findings:Adherence assumption findings:
(I) Assuming steady state: 

Give rise to significant inflated inter‐occasion variability 
in Clearance

(II) Full MEMS data:(II) Full MEMS data:
Inter‐occasion varability in CL is not present any more
Biased parameter estimate (Vd)
Numerical difficulties

(III) ”R li bl ” MEMS d t GOLD t d d(III) ”Reliable” MEMS data – GOLD standard
Good parameter estimates
Low variability

17

Low variability
Stable numerical properties



Interaction between atazanavir ‐ ritonavirInteraction between atazanavir  ritonavir

All PIs are metabolized by theAll PIs are metabolized by the 
CYP3A4 enzyme system

Enzyme
inhibitor

(e.g.

CYP3A4

Atazanavir

All PIs can inhibit CYP3A4 
enzymes 

Ritonavir most potent

(e g
ritonavir)

Atazanavir

Ritonavir most potent 
inhibitor

T i it

Drug
concentration

Drug concentrations above toxicity threshold:
treatment-limiting toxicity

Efficacy
threshold

Toxicity
threshold

Boosted
Atazanavir

18
Time (hours)

Drug concentrations below inhibitory levels:
viral rebound

0
0

Atazanavir



Link atazanavir ritonavir PKLink atazanavir – ritonavir PK 

Ritonavir

Dose
Absorb. 
Comp.

kaktr ktrktr ktr. . . ktra0 a1 an-1 an

Ritonavir

Central
compartment

CL/V

Dose
Absorb. 
Comp.

kaktr ktrktr ktr. . . ktra0 a1 an-1 an

Atazanavir

Central
compartment

CL/V

19

0 1 n 1 compartment



Initial Insights on ritonavir – atazanavir linkInitial Insights on ritonavir  atazanavir link

CL =43 6 L/h (uncertain)CL0=43.6 L/h  (uncertain)
Emax=0.961 (high)
Exps 1 38 mg h/L (low)Exps50=1.38 mg.h/L (low)

Li i d d i i f CLLimited data to support estimation of CL0
Difficulties to link via ritonavir concentration

20

Saturated boosting



Ongoing & future workOngoing & future work

Pharmacogenetics & other covariatesPharmacogenetics & other covariates
NRTI 
Complete interaction modelComplete interaction model
Viral load and CD4 analysis
T i it l iToxicity analysis

21



Final ConclusionsFinal Conclusions

• Improved population PK model of atazanavir (absorption)

A i d i i i i i bili• Assuming steady‐state gives rise to inter‐occasion variability 
in CL

•Raw MEMS data needs to critically beRaw MEMS data needs to critically be 
assessed 

• A new model together with MEMS dosing histories allows us 
to precisely assess :to precisely assess :

individual exposure, 
cumulative individual exposure,
time above MIC, ,
Atazanavir concentration at any time point

which is essential information for understanding 

22

g
individual virological response and potential 
success/failure of the therapy
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(III) Population PK model ritonavir(III) Population PK model ritonavir

Transit compartment model

Dose
Absorb. 
Comp.

kaktr ktrktr ktr. . . ktra0 a1 an-1 an

Transit compartment model

Central
compartment

CL/V

Major findings:
One compartment disposition modelOne compartment disposition model
However evidence of peripheral cmpt
Improved absorption model (Transit 
compartment model)
Better description of Cmax and absorption 
delay

25

delay
Better description of exposure in general



Why Isn’t HIV Medication Always Taken As 

0 10 20 30 40 50 60 %

Directed?

52

46

45

0 10 20 30 40 50 60

Too busy/simply forgot

Away from home

Change in daily routine

%
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20

20

19

Felt depressed/overwhelmed

Took drug holiday/medication break

Ran out of medication

Too many pills

19

18

17

17

16

Worried about becoming 'immune'

Felt drug was too toxic

Wanted to avoid side effects

Didn't want others to notice

f f

Possible Keys to Success

simplify dosing schedule
decrease pill burden

Reasons given for missing antiretroviral 
doses (structured questionnaire)

16

14

13

10

9

Reminder of HIV infection

Confused about dosage direction

Didn't think it was improving health

To make it last longer

Were told the medicine is no good

p
other

26

doses (st uctu ed quest o a e)9Were told the medicine is no good

Adapted from: Gifford AL et al. JAIDS 2000; 23: 386-395



Different Measures of Adherence
Th i " ld t d d"There is no "gold standard"

Self‐reportedSelf reported
Self‐administered
Interviewer‐administered

Pill tPill count
Announced?  Unannounced?

Pharmacy refillPharmacy refill
Electronic Monitoring Devices (EDM), e.g., 
Medication Event Monitoring System (MEMS)

dPatient diary
Adherence helper diary
Visual analogue scale

27

Visual analogue scale
Etc.


