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Therapeutic Drug Monitoring (Tdm) For Antiretroviral Agents

Rationale for TDM of antiretrovirals points on two key features:

v Relationship between drug concentration and immunovirological
benefit and in some cases, toxicity

concentrations
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range

LACK OF EFFICACY

v Available clinical data show significant interpatient variability at equal
dose intake
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DHHS Guidelines 2014

TDM PROs

e Data showing that considerable interpatient variability in
drug concentrations exists among patients who take the
same dose

e Data indicating that relationships exist between the
concentration of drug in the body and anti-HIV effect and,
in some cases, toxicities

e Data from small prospective studies demonstrating that
TDM improved virologic response and/or decreased the
incidence of concentration-related drug toxicities .



DHHS Guidelines 2014

TDM CONs

lack of large prospective studies demonstrating that TDM
improves clinical and virologic outcomes

lack of established therapeutic range of concentrations for
all ARV drugs

intrapatient variability in ARV drug concentrations
lack of widespread availability of clinical laboratories

shortage of experts to assist with interpretation of ARV
concentration data.



Table 9a. Trough Concentrations of Antiretroviral Drugs for Patients Who Have Drug-Susceptible
Virus

Drug Concentration (ng/ml)

Suggested minimum target trough concentrations in patients with HIV-1 susceptible to the ARV drugs>®

Fosamprenavir (FPV) 400
(measured as amprenavir concentration)

Atazanavir (ATV) 150
Indinavir (IDV) 100
Lopinavir (LPV) 1000
Nelfinavir* (NFV) 800
Saquinavir (SQV) 100-250
Efavirenz (EFV) 1000
Nevirapine (NVP) 3000

*[Measurable active (M8) metabolite

Table 10k. Trough Concentrations of Antiretroviral Drugs for Treatment-Experienced Patients with
Virologic Failure

Drug Concentration (ng/mL)
Suggested minimum target trough concentrations for ART-experienced patients who have resistant HIV-1 strains
Maraviroc (MVC) =5
Tipranavir (TPV) 20,500
Median (Range) Trough Concentrations from Clinical Triale'*#
Darunavir (DRV) (600 mg twice daily) 3300 {1255-7368)
Etravirine (ETR) 275 (B1-2980)
Raltegravir (RAL) 72 (29-118)




Scenarios for use of TDM
(DH HS 2014, Italian Guidelines 2014, BHIVA 2014)

e Clinically significant drug-drug or drug-food interactions

e Changes in pathophysiological states that may impair Gl, hepatic, or renal
function, thereby altering PK

e Persons such as pregnant women who may be at risk for virological failure
as a result of their PK characteristics

e Treatment experienced patients
e Use of alternative dosing regimens
e Concentration-dependent toxicities

e Lack of expected virological response
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“We had a little trouble mixing your prescription.
Can you stop back in 20 minutes?”



Risk of potentially clinically significant interactions

de Maat 2004 Netherlands 115 26% Liverpool website
(hospital)

Shah et al 2007 USA 571 30% Liverpool website;  No VL impact
(Medicaid) Micromedex

Miller et al 2007 USA 153 41% DHHS; PI; N/A
(hospital) Micromedex

Evans-Jones 2010 UK 159 27% Liverpool website N/A

et al (hospital)

Marzoliniet 2010 Switzerland 1497 40% Liverpool website No VL impact

al (SHCS)

Kigen et al 2011 Kenya 996 34% Liverpool website N/A
(hospital)

Patel et al 2011 USA 190 34% Lex-interact N/A

Cordova et 2013 Argentina 217 32% Liverpool website No VL impact

al

Seden Ketal 2013 Uganda 2000 19% Liverpool website N/A

Miller et al. Pharmacotherapy 2007 Patel Ann Pharmacother 2011

Cordova E et al IAS 2013; MOPEO31 Marzolini et al. Antivir Ther 2010

Seden K et al; IAS 2013; MOPEO035



Rilpivirine plasma concentrations (ng/mL)

Rilpivirine and PPIs in HCV-coinfected pts
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Rilpivirine plasma concentrations (ng/mL)

Rilpivirine and PPIs in HCV-coinfected pts
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DDIs and Pharmacogenetics

Entity and “direction”of DDI determined by enzymes
activity

Interaction influenced by single nucleotide polymorphism
(SNPs) of genes encoding for metabolizing enzymes

Calcagno et Al. Voriconazole and atazanavir: a CYP2C19-dependent
manageable drug-drug interaction. Pharmacogenomics 2014 Jul;15(10):1281-6.

VORICONAZOLE metabolized by CYP2C19 (lesser
extent by CYP2C9 and CYP3A4)

RITONAVIR INDUCES CYP2C19 (inhibits 2C9 and
3A4)

Coadministration contraindicated due 40% VOR
Ctrough reduction



http://www-ncbi-nlm-nih-gov.offcampus.dam.unito.it/pubmed/?term=Voriconazole+and+Atazanavir%3A+a+CYP+2C19-dependant+Manageable+Drug+to+Drug+Interaction

DDIs and Pharmacogenetics
Ritonavir and VVoriconazole
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DDIs and Pharmacogenetics
Ritonavir and VVoriconazole
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DDIs and Pharmacogenetics
Ritonavir and voriconazole

“Normal metabolizers” “Poor and intermediate metabolizers”
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Italian HIV Guidelines 2014

v' Magnitude of a known interaction is unpredictable in single patient,
therefore TDM can be useful to check individual extent of such
interaction [CIII].



- No data available
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Italilan HIV Guidelines 2013

v' Net effect of multiple concomitant interactions is unpredictable,
TDM is recommended [CIII].



PROTEASE INHIBITORS + COBI? STRIBILD + DRV 800

Darunavir Plasma Concentration-Time Profile
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PROTEASE INHIBITORS + COBI? STRIBILD + DRV 800 QD

Patient with PHI

Drugs concentrations ng/mL

DRV,EVG,COBI plasma time-concentration profile
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DOSE OPTIMIZATION




Female, caucasian, 53 years old, HIV + since1986, nadir CD4+ 4 cells/mL

Starts ARV 1996:

1996 AZT/3TC +IDV

1998 DAT+3TC+ SQV

1999 DDI+ DAT + EFV: DIZZINES

2001 AZT/3TC + LPV/RTV: GI SYMPTOMS

2004 AZT/3TC +EAP ATAZANAVIR/RTV improved G| SYMPTOMS

2006 TDF/FTC + ATV/RTV ...HYPERBILIRUBINEMIA (3-4.5 mg/dL)

UNSTABLE THERAPY ACCEPTABILITY DUE TO MAJOR DEPRESSIVE DISORDER



« Low-Dose, Once-Daily Atazanavir/Ritonavir (200/100): An Effective

Treatment for HIV Infected Patients in Thailand
Chetchotisakd P, JAIDS 2008

« Simultaneous Population Pharmacokinetic Modelling of Atazanavir
and Ritonavir in HIV-Infected Adults and Assessment of Different

Dose Reduction Strategies
Schipani A, JAIDS 2013

« A Maintenance Dose of Atazanavir/Ritonavir 200/100 mg Once Dalily Is

Effective in Virologically Suppressed HIV-1-Infected Patients
Lanzafame M, JAIDS 2013



ATV dose optimization

JAN 2012 : TDF/FTC + ATVIRTV
« HIV RNA not detectable, CD4+ 750 cells/ul, 35%

« BMI 20, hyperbilirubinemia 3.50 mg/mL, complains of scleral jaundice

« TDM : C trough ATV 799 ng/mL, RTV 59 ng/mL
March 2012: ATV 200/RTV100+TDF/FTC

PCR HIV CD4+ BIL TOT Ctrough Ctrough
ATV RTV
Jul 2012 <20 689 1.56
Dec 2012 | <20 730 0.63
Jun 2013 Not detectable | 917 1.88
Dec 2013 | Not detectable | 650 2.01 345 ng/mL 76 ng/mL
May 2014 | Not detectable | 584 1.75
Oct 2014 | Not detectable | 874 1.28 380 ng/mL




LASA trial: ongoing

HIV RNA <50 on ART

n=560

!

ATV/r 300/100 mg OD
+2NRTIs
n=280

Patients enrolled in Thailand. Maintenance trial, with primary analysis at
Week 48 (HIV RNA suppression endpoint). Estimated Primary
Completion Date: December 2014



Reduced ATV dosing to 200 + RTV100: effective option in induction
maintenance strategy

Better compliance and tolerance due to reduced bilirubin levels

Diminished risk of renal stones given the suggested correlation
between stones development and ATV exposure

Lowering dose could provide significant cost containment in resource-
limited settings



“Frankly, darling, | think your doctor is a little
obsessive about this compliance thing.”



Drug schedule and polymedication

e 74-years old, diabetes, hypertension, IMA

« TDF/FTC + ATV/RTV, fully suppressed since 3 years, last
VLs 230-350 copies/ml

* |nsulin, aspirin, bisoprolol, rosuvastatin 10 mg,
furosemide




Drug schedule and polymedication

Doc: “What’s going on, dear patient, are you sure you’re
always taking your pills as | told you?”

PT:“It’s true, doctor, I’'m taking all my pills well!”

* TDM: ATV 1,,, 170 ng/ml (lower than expected)

Doc: “What’s going on, dear patient, are you sure you’'re
always taking your pills as | told you?”

PT:“I"'m fully adherent, every single day | take Truvada
and Norvir in the morning and Reyataz in the evening”

Lo Y oS TR



Treatment fallure & adherence

TDM can: TDM cannot:

« confirm poor adherence « confirm good adherence
(low or undetectable)

Adequate concentration may only indicate patient has
taken medications shortly before visit



Challenges for TDM

Knowledge of therapeutic ranges for ARVs (for wild
type HIV and viruses with | susceptibility)

Widespread availability of quality controlled
laboratories and timing of TDM results

Interpretation and lack of dose adjustment
strategies

Lack of powered, prospective, controlled trials to
demonstrate TDM improves outcome



Future of TDM

Evaluating TDM by RCT difficult: TDM must be
iIntegrated with all clinical factors

ARVs are for life, on individual basis TDM can be a
useful clinical too

Current drug levels for long term clinical response are
not defined — studies warranted

TDM-guided cost saving strategies
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