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Darunavir is an efficacious drug; however, pharmacokinetic variability has been reported. The objective of this study was to find
predisposing factors for low darunavir plasma concentrations in patients starting the once- or twice-daily dosage. Darunavir
plasma concentrations from January 2010 till December 2014 of human immunodeficiency virus-infected individuals treated in
the outpatient clinic of the University Medical Center Groningen were retrospectively reviewed. The first darunavir plasma con-
centration of patients within 8 weeks after initiation of darunavir therapy was selected. A dichotomous logistic regression analysis
was conducted to select the set of variables best predicting a darunavir concentration below median population pharmacokinetic
curve. In total 113 patients were included. The variables best predicting a darunavir concentration besides food intake included
age together with estimated glomerular filtration rate (Hosmer—-Lemeshow test P = 0.945, Nagelkerke R? = 0.284). Systematic
evaluation of therapeutic drug monitoring results may help to identify patients at risk for low drug exposure.

WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT

e Darunavir exposure is improved by concomitant food intake.

e Darunavir has a high pharmacokinetic variability.

e Factors such as demographics, concomitant medication and polymorphisms of cytochrome P450 3A4 isoenzymes are de-
scribed as potential contributors to pharmacokinetic variability.

WHAT THIS STUDY ADDS

¢ Age and estimated glomerular filtration rate are predictors of a darunavir plasma concentration below median population
pharmacokinetic curve.

e The combination of tenofovir and darunavir potentially leads to decreased estimated glomerular filtration rate and in-
creased darunavir exposure and merits further investigation.

e Systematic evaluation of therapeutic drug monitoring results may help to identify risk factors for low drug exposure.
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Introduction

Darunavir (DRV) is a human immunodeficiency virus (HIV)
protease inhibitor (PI) that is used for the treatment of
HIV-1 infection in antiretroviral treatment-naive and
treatment-experienced adults and paediatric patients aged
>6 years [1]. Once-daily DRV 800 mg is approved for use in
treatment-naive patients and the twice daily dosage of
DRV 600 mg is approved for use in treatment-experienced
adults with DRV resistance-associated mutations [2]. As
DRV is extensively metabolized by cytochrome P450
3A4 and being a substrate of P-glycoprotein as well, it
is coadministered with ritonavir (RTV) 100 mg or
cobicistat 150 mg to increase its exposure [1, 3-5]. Further-
more, concomitant food intake is advised to improve DRV
bioavailability [6].

DRV is considered a safe and efficacious drug; however,
substantial pharmacokinetic variability has been reported
[1, 7]. Factors such as demographics, treatment adherence,
concomitant medication and polymorphisms of cyto-
chrome P450 3A4 isoenzymes contribute to the observed
variability [1, 5, 7]. Pharmacokinetic variability can poten-
tially result in suboptimal DRV plasma concentrations.
Suboptimal DRV plasma concentrations are highly undesir-
able as they can lead to drug resistance, insufficient virologi-
cal response or a virological breakthrough in patients who
earlier had an undetectable viral load [8]. Therapeutic drug
monitoring is therefore routinely performed to assure
adequate drug exposure [8].

Despite the relatively long use and experience with DRV
in daily practice, little is documented concerning the
potential risk factors for a relatively low DRV concentration
in HIV-infected individuals in an outpatient setting. The
aim of the present study was to investigate the frequency as
well as predisposing factors associated with DRV plasma
concentration below the median population pharmacoki-
netic curve in an outpatient setting.

Methods

Study design and participants

We performed a retrospective study on demographics,
measured DRV plasma concentrations and patient character-
istics in HIV patients treated with DRV in the University
Medical Center Groningen (UMCG), The Netherlands. All
patients aged >18 years and using DRV were eligible for
inclusion in this study. A database was created by extracting
all measured DRV plasma concentrations from January 2010
to December 2014 from the UMCG electronic patient
database. Due to intrapatient variability and potential dose
adjustments, we considered only the first DRV level of each
patient within 8 weeks after initiation of the DRV therapy
for inclusion. DRV plasma concentrations were excluded if
the time of ingestion relative to the collection of the blood
sample was unknown. The ethical review board of the UMCG
evaluated the study protocol and waived the need for written
informed consent due to the retrospective nature of the study
(METc 2015.010).
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Data collection and management
The following data were extracted from the medical records
of the participants and included in the research database:
sex, age, weight (during visit of drug level measurement),
height, drug abuse, documented adherence, comorbidity,
serum creatinine concentration, aspartate aminotransferase,
alanine aminotransferase, CD4+ cell count and viral load.
The medical records of all participants were studied for
medication potentially influencing the DRV concentrations.
When the possibility of nonadherence was suggested in
the medical record, the patient was classified as potentially
nonadherent. Data concerning drug abuse included alcohol
abuse (persistent use of >14 units of alcohol weekly) [9] and
the use of recreational drugs. Comorbidities with a known
effect on pharmacokinetics were included in the database
(e.g. renal, hepatic, and/or gastrointestinal morbidity). The
estimated glomerular filtration rate (eGFR) was calculated
using the Chronic Kidney Disease Epidemiology collabora-
tion (CKD-EPI) formula [10]. The laboratory results (i.e. creat-
inine, aspartate aminotransferase, alanine aminotransferase,
CD4+ cell count and viral load) included in the database
corresponded with the date of the DRV plasma concentration
or within a period of £3 months. The De Ritis ratio [11] was
calculated to interpret the hepatic function.

Bioanalytical procedure and pharmacokinetic
analyses

The concentrations of DRV in human plasma were analysed
in the Laboratory of the Department of Clinical Pharmacy
and Pharmacology at the UMCG by a validated liquid
chromatography-tandem mass spectrometry procedure. All
analyses were performed on a Finnigan TSQ Quantum
Discovery (San Jose, CA, USA) triple quadrupole liquid
chromatography-tandem mass spectrometer with a Finnigan
Surveyor LC pump and a Finnigan Surveyor autosampler. The
calibration curves were linear within the concentration range
of 0.335 to 33.5 mg I"! for DRV and had a correlation coeffi-
cient (R* of 0.999. The lower limit of quantification for
DRV was 0.27 mg I"'. This method was precise and accurate
as within-day precision ranged between 2.2 and 3.2% for
DRV, and between-day precision ranged from 3.0 to 5.2%.
The calculated accuracy ranged from 0.0% to 11.8%.
Performance of the assay was within accepted limits of
acceptance (accuracy and precision <10%) in our laboratory
as confirmed by participation in the international proficiency
testing program [12].

To estimate time-adjusted DRV plasma concentrations, a
DRV-iterative two-stage Bayesian population pharmacoki-
netic model with the software package MWPharm 3.82
(Mediware, Groningen, The Netherlands) was used [13]. The
model for DRV was a one-compartment model with input
and elimination from the central compartment. Parameters
for this model are: a volume of distribution of the
central compartment of 2 1 kg‘l [standard deviation (s.d.)
0.5 1 kg™'], a total body clearance of 6.3 1 h™' 1.85m™ (s.d.
1.57 1 h™' 1.85m™), first order absorption constant of 1 h™*
(s.d. 0.25 h™) and a bioavailability of 0.8 (in combination
with RTV). This model was built in-house and derived from
data provided in the literature [14]. Similar to standard care,
each time-adjusted DRV plasma concentration was compared
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with a median population pharmacokinetic curve for the
once-daily or twice-daily dosage of DRV [15]. Consistent with
daily practice the DRV plasma concentrations were dichoto-
mized as either above or below the median curve. The median
curves do not represent the minimal effective concentration,
but are used in standard care as cut-off values for follow-up
[15]. A DRV trough concentration below 1.07 mg I"* for the
once-daily dosage and 2.60 mg 17" for the twice daily dosage
is an indication for follow-up. This follow-up consists of
repeated plasma drug concentration measurement, addi-
tional food intake advice and additional questions and
guidance concerning therapy adherence.

Statistical analysis

Age, body mass index, eGFR, De Ritis ratio, comorbidity, drug
abuse and documented adherence were tested for association
with DRV plasma concentration above or below median
population pharmacokinetic curve. We conducted a di-
chotomous logistic regression analysis with manual back-
ward selection based on P-values to identify which set of
variables best predicted a DRV plasma concentration below
the median population pharmacokinetic curve. Comorbidity,
recreational drug abuse and documented adherence were
marked as categorical covariates. We assessed the variance
of the model using Nagelkerke R* and determined the
goodness-of-fit by Hosmer-Lemeshow. Variables were
checked for linearity and included as dummy variables
(indicator variables) if necessary. All statistical analyses were
performed using SPSS for Windows, version 22.0 (IBM SPSS,
Chicago, Illinois).

Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked
to corresponding entries in http://www.guidetopharmacol-
ogy.org, the common portal for data from the IUPHAR/BPS
Guide to PHARMACOLOGY [16], and are permanently
archived in the Concise Guide to PHARMACOLOGY
2015/16 [17].

Results

In total, 113 initial DRV plasma concentrations from 113 pa-
tients were measured within 8 weeks after initiation of DRV
therapy and were therefore included in the research database.
Ninety-four participants were using DRV/RTV 800/100 mg
once-daily and 19 participants were using DRV/RTV
600/100 mg twice-daily. All participants were using RTV as a
booster. Eighty-eight (78%) participants were among others
using tenofovir simultaneously with DRV and seven (6%)
participants were using raltegravir simultaneously with
DRV. No other concomitant use of nonantiretroviral medica-
tion interacting with DRV was found after assessing the med-
ical records of the participants. Further demographic
characteristics are presented in Table 1.

The median (interquartile range) DRV plasma concentra-
tion was 2.8 (1.8-4.2) mg "' and 31 (27.4%) DRV plasma con-
centrations were classified below the median population
pharmacokinetic curve. In Table 2, the patient characteristics
and DRV drug concentrations below or above median
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population pharmacokinetic curve values are shown. Due to
a lack of linearity with the dependant variable the variables
age, eGFR and body mass index were included in the logistic
regression as dummy variables divided into four quartiles.
The model best predicting a DRV level below the median
population pharmacokinetic curve included the variables
age and eGFR (Hosmer-Lemeshow goodness-of-fit test
P =0.945, Nagelkerke R? =0.284). The results of the dichoto-
mous logistic regression are presented in Table 3.

Discussion

In this descriptive study we assessed the predictive value of
patient- and disease-related factors on DRV plasma concen-
trations after initiation of the DRV therapy. In a dichotomous
logistic regression analysis, we found that the combination of
age and eGFR were associated with a DRV plasma concentra-
tion below the median population pharmacokinetic curve.

Like other antiretroviral PIs, DRV pharmacokinetics are
characterized by large interpatient variability [1, 7]. The ob-
served variability could partly be caused by inadequate food
intake as DRV is advised to be taken concomitantly with food
to achieve adequate exposure [6]. To identify other potential
contributors to a DRV plasma concentration below the me-
dian population pharmacokinetic curve, besides food intake,
in this study we focused on several patient- and disease-
related factors. More than a quarter (27.4%) of the DRV
plasma concentrations were below the median curve trigger-
ing physicians to change their follow-up strategy. Theoreti-
cally it would be expected that 50% of the DRV plasma
concentrations would be below the median curve. The me-
dian population pharmacokinetic curves used do not have a
relation with therapeutic effectiveness of DRV, but provide a
cut-off value in standard care to determine whether follow-
upisprudent[15, 18]. Follow-up consists of an additional food
intake advice, additional questions and guidance concerning
therapy adherence and a repeated blood sample for DRV
monitoring. Therefore, in daily practice physicians are aiming
for higher then median DRV plasma concentrations.

That eGFR is found to be a predictor for below median
DRV plasma concentration in combination with age in the
current study is a remarkable finding, since DRV is mainly
eliminated by the liver. A higher than average eGFR alone
would therefore presumably have a minor impact on DRV
plasma concentration in daily practice. The observed inverse
relation between eGFR and DRV concentrations in the
current study might potentially be induced by the concomi-
tant use of tenofovir. During the study period, 78% of the
participants were using tenofovir simultaneously with DRV.
A higher risk of renal impairment has been reported in
patients receiving tenofovir and a RTV boosted PI, such as
DRV [19]. In addition, the summary of product characteristics
of DRV demonstrates that coadministration of tenofovir
(300 mg once daily) and DRV/RTV (300/100 mg twice daily)
increased DRV AUC, Cpax and Cpin by 21%, 16% and 24%,
respectively [20]. The observed inverse relationship between
eGFR and DRV concentration might be due to concomitant
tenofovir usage, which is nephrotoxic on the one hand and
inhibits DRV clearance on the other [19, 20]. Earlier studies
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Table 1

Demographic characteristics of the 113 study participants at time of sampling

Characteristics Value

Mean age (years) 43 (20-67)

eGFR (ml min 1.73 m_z), mean (SD) 103.3 (23.3)

Median ALT (IQR) 25(17.5-33.5)
Undetectable viral load in 55 patients

Documented comorbidity
Number of patients with hepatic morbidity
Number of patients with gastrointestinal morbidity

Number of patients with renal morbidity

Documented potentially nonadherent 9

“Body mass index (BMI) of these individuals could not be calculated as only body weight was recorded. IQR, interquartile range; SD, standard de-
viation; eGFR, estimated glomerular filtration rate; AST, aspartate aminotransferase, ALT, alanine aminotransferase

Table 2

Patient characteristics and darunavir plasma concentrations below or above median population pharmacokinetic curve values

Variable Below population median (n=31) Above population median (n=82) P-value

Sex (male), n (%) 21 (68%) 68 (83%) 0.078 (Pearson xz)

eGFR, mean (SD) 114.5(16.9) 99.0 (24.1) <0.001, t test

Detectable HIV viral load, n (%) 17 (54.8%) 41 (50%) 0.65 (Pearson xz)

De Ritis, median (IQR) 1.3 (0.9-1.6) 1.1(0.9-1.5) 0.33 (MWU)

MWU, Mann-Whitney U test; BMI, body mass index; IQR, interquartile range; SD, standard deviation; eGFR, estimated glomerular filtration rate;
HIV, human immunodeficiency virus.
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Table 3

Results of the dichotomous logistic regression analysis with manual backward selection

Variable

Significance

95% ClI for odds ratio
odds

ratio Lower Upper

eGFR
89 ml min™" 0.096
106 ml min™' 0.070
116.5 ml min™' 0.020
>116.5 ml min™" 0.016

7.744 0.845 70.969
15.246 1.533 151.579
19.458 1.721 220.025

Cl, confidence interval.

Due to a lack of linearity with the dependant variable the variables age and eGFR were included in the logistic regression as dummy variables divided
into four quartiles. The corresponding significance and odds ratio per quartile are shown.

suggested that raltegravir also could lower DRV concentra-
tions [21, 22]. Of the seven participants using raltegravir
and DRV simultaneously in the current study, two had a
DRV concentration below median curve. Unfortunately, due
to the unequally divided and small sample sizes of both
tenofovir and raltegravir users and nonusers a subanalysis
was not possible.

The other variable in the prediction model was age. The
highest quartile of the variable age (>53 years) showed lower
risk of a DRV plasma concentration below median curve in
combination with eGFR. The effect of age on plasma antire-
troviral drug (PI) exposure was shown earlier [23]. The plasma
concentrations of DRV might be higher with increasing age
due to a lowered hepatic (CYP450 3A4 enzyme) activity in
older people [24, 25].

An important limitation in the current study is that no data
concerning concomitant food intake with DRV ingestion were
available. The observed variability in DRV concentrations in
the current study might potentially be confounded by inade-
quate concomitant food intake, although that is unlikely based
on a prior study assessing food intake concomitantly with DRV
[26]. Another weakness is the limited number of events in the
model. Nevertheless, the results of this study provide an in-
sight into the DRV plasma concentrations after start of therapy
at an HIV outpatient clinic.

Linking several patient- and disease-related factors to the
routinely measured DRV plasma concentrations shows that
younger patients with a higher than average eGFR more
frequently have a DRV plasma concentration below median
curve. The impact of tenofovir has to be clarified in future
studies in populations with a larger proportion of tenofovir-
free regimens to facilitate interpretation. Although therapeu-
tic drug monitoring is not a substitute for clinical judgement,
it can be a powerful tool for identifying patients with
lower DRV concentrations and subsequently at risk for drug
resistance.

460 Br | Clin Pharmacol (2018) 84 456-461

Competing Interests

There are no competing interests to declare.

Contributors

A.D., Y.S. and J.W.C.A. were responsible for the conception
and design of the study. The acquisition of laboratory and
clinical data was performed by A.D., Y.S. and W.F.W.B. The
data was analysed by A.D., Y.S and D.J.T. Both the drafting
and the later critical revision of the article was conducted by
all authors. The final approval of the manuscript was also
done by all authors.

References

1 Arab-Alameddine M, Lubomirov R, Fayet-Mello A, Aouri M,
Rotger M, Buclin T, et al. Population pharmacokinetic modelling
and evaluation of different dosage regimens for darunavir and
ritonavir in HIV-infected individuals. ] Antimicrob Chemother
2014; 69: 2489-98.

2 European AIDS Clinical Society (EACS). EACS produces the
European guidelines for treatment of HIV-infected adults in
Europe. 2014; 2016.

3 Kakuda TN, Van De Casteele T, Petrovic R, Neujens M, Salih H,
Opsomer M, et al. Bioequivalence of a darunavir/cobicistat fixed-
dose combination tablet versus single agents and food effect in
healthy volunteers. Antivir Ther 2014; 19: 597-606.

4 Tashima K, Crofoot G, Tomaka FL, Kakuda TN, Brochot A,
Vanveggel S, et al. Phase IIIb, open-label single-arm trial of
darunavir/cobicistat (DRV/COBI): week 48 subgroup analysis of
HIV-1-infected treatment-nave adults. J Int AIDS Soc 2014; 17
(4 Suppl 3): 19772.



5 Rittweger M, Arasteh K. Clinical pharmacokinetics of darunavir.
Clin Pharmacokinet 2007; 46: 739-56.

6 Sekar V, Kestens D, Spinosa-Guzman S, De Pauw M, De Paepe E,
Vangeneugden T, et al. The effect of different meal types on the
pharmacokinetics of darunavir (TMC114)/ritonavir in HIV-
negative healthy volunteers. J Clin Pharmacol 2007; 47:
479-84.

7 Molto], Xinarianos G, Miranda C, Pushpakom S, Cedeno S, Clotet
B, et al. Simultaneous pharmacogenetics-based population
pharmacokinetic analysis of darunavir and ritonavir in HIV-
infected patients. Clin Pharmacokinet 2013; 52: 543-53.

8 Calcagno A, Pagani N, Ariaudo A, Arduino G, Carcieri C,
D’Avolio A, et al. Therapeutic drug monitoring of boosted PIs in
HIV-positive patients: undetectable plasma concentrations and
risk of virological failure. ] Antimicrob Chemother 2017; 72:
1741-4.

9 NIAAA. Rethinking drinking: alcohol and your health. 2016;
2016.

10 Levey AS, Inker LA. Assessment of glomerular filtration rate in
health and disease: a state of the art review state of the art review
for clinical pharmacology and therapeutics. Clin Pharmacol Ther
2017; 102: 405-9. https://doi.org/10.1002/cpt.729

11 Botros M, Sikaris KA. The De Ritis ratio: the test of time. Clin
Biochem Rev 2013; 34: 117-30.

12 Burger D, Teulen M, Eerland J, Harteveld A, Aarnoutse R, Touw D.
The international Interlaboratory quality control program for
measurement of antiretroviral drugs in plasma: a global
proficiency testing program. Ther Drug Monit 2011; 33:

239-43.

13 Proost JH, Meijer DK. MW/pharm, an integrated software package
for drug dosage regimen calculation and therapeutic drug
monitoring. Comput Biol Med 1992; 22: 155-63.

14 Truven Health Analytics LLC. Micromedex® solutions
Darunavir; 2017.

15 Burger DM. TDM protocollen/TDM protocols 2014; 2017.

16 Southan C, Sharman JL, Benson HE, Faccenda E, Pawson AJ,
Alexander SPH, et al. The IUPHAR/BPS guide to
PHARMACOLOGY in 2016: towards curated quantitative

Factors associated with low darunavir levels
BJCP

interactions between 1300 protein targets and 6000 ligands. Nucl
Acids Res 2016; 44 (D1): D1054-68.

17 Alexander SPH, Catterall WA, Kelly E, Marrion N, Peters JA,
Benson HE, et al. The Concise Guide to PHARMACOLOGY
2015/16: Voltage-gated ion channels. Br ] Pharmacol 2015; 172:
5904-41.

18 Boffito M, Miralles D, Hill A. Pharmacokinetics, efficacy, and
safety of darunavir/ritonavir 800/100 mg once-daily in
treatment-naive and -experienced patients. HIV Clin Trials 2008;
9:418-27.

19 Calcagno A, Gonzalez de Requena D, Simiele M, D’Avolio A,
Tettoni MC, Salassa B, et al. Tenofovir plasma concentrations
according to companion drugs: a cross-sectional study of HIV-
positive patients with normal renal function. Antimicrob Agents
Chemother 2013; 57: 1840-3.

20 European Medicine Agency (EMA). Annex i summary of product
characteristics DARUNAVIR 2014; 2016.

21 Cattaneo D, Gervasoni C, Cozzi V, Baldelli S, Fucile S,
Meraviglia P, et al. Co-administration of raltegravir reduces
daily darunavir exposure in HIV-1 infected patients.
Pharmacol Res 2012; 65: 198-203.

22 Fabbiani M, Di Giambenedetto S, Ragazzoni E, D’Ettorre G,
Parruti G, Prosperi M, et al. Darunavir/ritonavir and raltegravir
coadministered in routine clinical practice: potential role for an
unexpected drug interaction. Pharmacol Res 2011; 63: 249-53.

23 Winston A, Jose S, Gibbons S, Back D, Stohr W, Post F, et al. Effects
of age on antiretroviral plasma drug concentration in HIV-
infected subjects undergoing routine therapeutic drug
monitoring. ] Antimicrob Chemother 2013; 68: 1354-9.

24 Castleden CM, George CF. The effect of ageing on the hepatic
clearance of propranolol. Br J Clin Pharmacol 1979; 7: 49-54.

25 Jourdan M, Vaubourdolle M, Cynober L, Aussel C. Effect of aging
on liver functions-an experimental study in a perfused rat liver
model. Exp Gerontol 2004; 39: 1341-6.

26 Daskapan A, Dijkema D, de Weerd DA, Bierman WFW, Kosterink
JGW, van der Werf TS, et al. Food intake and darunavir plasma
concentrations in people living with HIV in an outpatient setting.
Br J Clin Pharmacol 2017, 83, 2325-9.

Br ] Clin Pharmacol (2018) 84 456-461 461


https://doi.org/10.1002/cpt.729

