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Chapter 1
INTRODUCTION

Introduction

The research presented in this thesis focuses on the antiretroviral drug dolutegravir. Dolutegravir is one of the currently preferred first-line antiretroviral agents used in combined
antiretroviral therapy (cART) for treatment of people living with HIV. In recent years major
efforts have been made to temper the HIV epidemic by expanding the global use of highly
effective antiretroviral agents, such as the integrase strand transfer inhibitor (INSTI) dolutegravir. Nevertheless, these highly effective first-line HIV therapies are not always available
for all people living with HIV, for instance for HIV-positive pregnant women, children in
low- and middle-income countries (LMIC) or people who also suffer from co-morbidities.
Lack of knowledge on correct doses and safety in these specific subpopulations restrain
them from access to these therapies. This thesis therefore aimed to ‘push boundaries’ in
the global use of dolutegravir, making it a suitable treatment option for all who need it, by
making use of clinical pharmacology principles.

ending the global AIDs epidemic
Prognosis for people living with HIV has completely changed since the first cases of patients with AIDS were identified in 1981. Today, HIV/AIDS has turned from a dreadful fatal
disease into a manageable chronic infection, provided patients are using cART. In 2017,
worldwide an estimated 36.9 million people (51% male) were living with HIV, including
~1.8 million children.1 Although rates of newly acquired infections have dropped over the
last few years, in 2017 almost 2 million people still became newly infected with HIV, of
which approximately two-third of cases were in sub-Saharan Africa. In addition, the overall
prevalence of HIV-infection is highest in Africa with ~4.1%, whereas prevalence in Europe
is approximately 10-fold lower (0.4%) (Figure 1).2 In the Netherlands a total of 18,824
adults and 211 children living with HIV have been registered to be in care in 2017, and the
epidemic is concentrated in several high-risk subpopulations, such as men who have sex
with men (MSM) and migrants.3
Global efforts are made to end the HIV epidemic by 2030. UNAIDS* has set global targets
for treatment scale-up, the so called “90-90-90 goals”; by the interim 2020 milestone,
90% of all people living with HIV should know their HIV-status, 90% of people who know
their HIV-positive status receive cART, and in 90% of these people on cART the virus is
undetectable.4 Figure 2 gives an overview of midterm progress towards the 90-90-90 targets and depicts differences between regions. Clearly, there are large differences between
western settings and LMICs on the African continent. Although there are many strategies
that will be required to end the HIV epidemic, one of them is certainly bringing effective
cART to all who need it.

* UNAIDS: The Joint United Nations Programme on HIV and AIDS is the main advocate for accelerated, comprehensive and coordinated global action on the HIV/AIDS pandemic.
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Figure 1. Prevalence of HIV among adults aged 15 to 49 in 2017 by WHO region, 2017. Source: WHO.

Figure 2. Knowledge of HIV status, treatment coverage and viral load suppression among people living
with HIV varies by region, 2017. Source: UNAIDS.

Antiretroviral therapy
Without cART, HIV will replicate itself at high rates and infect and destruct CD4+ T cells.5
Over time, chronic HIV infection will lead to gradual decline and depletion of CD4+ T cells,
which play an important role in humoral immunity, and will ultimately lead to a state of
severe immune suppression (AIDS). Daily and lifelong use of multiple antiretroviral agents
inhibits viral replication and reduces HIV-related morbidity and mortality. Besides, sustained
and durable inhibition of viral replication will prevent the development of drug-resistance
12
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mutations and preserves or improves CD4+ T cell counts. Furthermore, having an undetectable viral load ensures the virus is untransmittable to others.6
Since 1997, the golden standard for HIV therapy is ‘triple therapy’, in which two nucleoside reverse transcriptase inhibitors (NRTIs) are combined with a third agent from another
therapeutic group of antiretrovirals. This can be either an agent belonging to the group of
INSTIs, protease inhibitors (PIs) or non-nucleoside reverse transcriptase inhibitors (NNRTIs).7
The year 2012 was the beginning of a major shift when international treatment guidelines
started to recommend treatment of all people living with HIV regardless of their CD4+
T-cell count. Before, in general, treatment was only considered in people with CD4+ T-cell
counts below 500 cells/mm3, mainly because of prudence with regards to drug toxicities,
the perspective of lifelong treatment and high costs.
Currently, there are more than 25 antiretroviral agents from six different classes available
for cART. Dolutegravir, as well as raltegravir, elvitegravir and the newest bictegravir, belong
to the family of INSTIs. In general, INSTIs represent an attractive group of antiretrovirals
due to their high virological response rates and mild toxicity profile. Advantages of the
use of dolutegravir as third agent in particular, are its high potency in reducing the HIV-1
viral load and low risk of development of a resistant virus. Upon approval of dolutegravir
in 2013, the convenient once daily administration, without the need for pharmacokinetic
boosting, made dolutegravir an appealing treatment option compared with other INSTIs
available at that time (raltegravir and cobicistat boosted elvitegravir). Several large phase
III clinical trials demonstrated a favourable safety profile with only few discontinuations
due to adverse events in subjects randomised to dolutegravir-based treatment compared
to e.g. efavirenz- or darunavir-based treatment.8, 9 Also, dolutegravir has a convenient low
potential for causing drug-drug interactions (DDIs), especially compared to antiretroviral
agents boosted with ritonavir or cobicistat or to NNRTIs.10, 11

Dolutegravir in treatment guidelines & available drug formulations
Recommendations on what ART to start with may vary depending on the setting or region
in the world. In the Netherlands we follow American recommendations on what combinations to start or treat adult and paediatric patients with.7, 12 Nowadays, American treatment
guidelines for adults and adolescents who newly acquired HIV-infection recommend the
use of an INSTI - bictegravir, dolutegravir or raltegravir - as third agent for most people living
with HIV.7 According to the summary of product characteristics, the standard dolutegravir
dose for adults and adolescents weighing at least 40 kg is 50 mg once daily.11 At time of
market approval in 2013 dolutegravir was available as a 50 mg film-coated (FCT) tablet.
Soon thereafter also as a convenient fixed-dose combination tablet (FDC) co-formulated
13
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with the NRTIs abacavir and lamivudine.13 In case of integrase-resistant mutations the
dolutegravir dose should be increased to 50 mg BID and preferably taken with food to
increase drug exposure.11 For some DDIs dose adjustment to 50 mg BID is required. For
example, in case of concurrent efavirenz or rifampicin use.
The World Health Organisation (WHO) also provides guidelines on ART in adults and children living with HIV.14 The starting point for WHO guidelines is to make recommendations
for uniform global treatment of HIV, that should also be made available for LMIC. In 2016
the WHO recommended an efavirenz (600 mg)-based regimen as the preferred first line
regimen, with a dolutegravir- or efavirenz (400 mg)-based regimen as alternative options.
This because of limited efficacy and safety data for dolutegravir in pregnancy and when
taken concomitantly with tuberculosis (TB) treatment.15 Although, dolutegravir is still under
patent in western countries, a great effort was made by many international organisations,
to make a low cost generic 50 mg film-coated dolutegravir tablet formulation available for
use in LMIC. In paediatric HIV-treatment local availability of paediatric drug formulations
– originator or generic – are even more important to consider in the process of developing
dose and guideline recommendations, especially for use in LMIC. In addition, these drug
formulations should allow for easy dose adjustments and child friendly administration.
Dolutegravir is also recommended by WHO as first line agent for ART in children living with
HIV. Initially, for dolutegravir, a granule formulation was anticipated for paediatric use,
but the formulation was not further developed. Nowadays, in western settings, paediatric
dolutegravir doses of 25 mg and 35 mg – given as a combination of 25 mg and 10 mg
FCTs - are approved by stringent regulatory authorities (SRA) for children weighing 20 to
<30 kg and 35 mg FCT for 30 to <40 kg, respectively. However, in LMICs these paediatric
dolutegravir formulations are not available, nor are generics. Still dose recommendations
for younger infants remain unknown. Besides, dolutegravir dose recommendations for
HIV/TB co-infected children using rifampicin-based TB treatment are uncertain, but needed
urgently in LMICs.

Knowledge gaps & outline of thesis
The overall objective of the studies in this thesis were to increase access to and optimize
dolutegravir use in people living with HIV, with a focus on special populations.

Part I: Dolutegravir pharmacokinetics and pharmacodynamics in adults
First, chapter 2 provides an overview of the clinical pharmacokinetics and pharmacodynamics for dolutegravir and focuses on dolutegravir use as fixed-dose single tablet
combination with abacavir and lamivudine. Dolutegravir was a welcome addition to the
HIV treatment armamentarium in 2013. As mentioned, this was mainly because of its high
efficacy and relative high barrier to resistance, mild toxicity profile, and low number of
14
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patients who discontinued dolutegravir-based ART because of side-effects. Despite this, it
is well known that results from large phase III randomised controlled trials (RCTs) in general
represent the use of a drug within a highly pre-selected patient population. Information on
the actual number of discontinuations of dolutegravir-based ART in real-world use, and the
identification of risk factors for discontinuation, could help guide clinicians in their decision
on what cART to start with or switch to for their patients. Therefore, we conducted a large
retrospective observational study, using the prospectively followed Dutch ATHENA-cohort
database, to investigate tolerance to dolutegravir in real-life Dutch settings (chapter 3).

Part II: Clinical pharmacology studies with dolutegravir
Another consequence of the highly pre-selected subjects participating in RCTs, is that
minorities or vulnerable subpopulations are actively excluded from participation. Examples
are people with multiple-comorbidities and/or co-medications, patients administered to
an intensive care unit who might rely on enteral feeding or who deal with swallowing
difficulties. The main reason for this is a lack of knowledge on safety at this stage in
product development. However, as a result, information on dosing and safety in these special subpopulations is often lacking upon market approval and restrains these subgroups
from using it. To ensure effective and safe use of dolutegravir we evaluated dolutegravir
pharmacokinetics in a number of these special subpopulations living with HIV. To do so
we focus mainly on clinical pharmacology principles and conducted pharmacokinetic studies. For dolutegravir a fair relation between plasma concentrations and clinical effect was
established and in clinical pharmacology studies exposure to a drug can serve as derivate
and predictive endpoint for efficacy, e.g. inhibition of viral replication resulting in an HIV-1
RNA viral load < 50 copies/ml. In most of our studies we therefore measure dolutegravir
plasma concentrations to compare drug levels to historical population pharmacokinetic
data on standard dosing (50 mg once or twice daily) and proposed dolutegravir minimal
effective plasma levels or inhibitory concentrations (IC90). First, we therefore developed and
validated an efficient bioanalytical LC-MS/MS quantification method to measure plasma
levels for several antiretroviral agents, including dolutegravir (chapter 4).
In chapter 5 we evaluated the effect of crushing on dolutegravir FDC tablets in healthy
adults. Crushing of tablets will ease administration for HIV-positive patients with swallowing difficulties or who depend on oral intake of food and medications trough an enteral
tube. Our aim was to confirm if administration of a crushed dolutegravir FDC tablet results
in appropriate exposure to dolutegravir. In chapter 6 we aimed to strengthen the evidence
for a proposed DDI between dolutegravir and valproic acid in HIV-positive adults, and to
decide whether this interaction represents a clinically relevant DDI.

15
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Part III: Pharmacokinetics of dolutegravir in children and pregnant
women living with HIV
Challenges in treating HIV-infected children include procurement of multiple regimens, poor
palatability and complex and/or large pill burdens. Dolutegravir once-daily-based regimens
are now being adopted in adults globally. As mentioned, SRA-approved paediatric doses
require formulations not available in LMICs. We therefore nested pharmacokinetic substudies within the dolutegravir-arm of the ODYSSEY-trial. The ODYSSEY-trial is an open-label,
multi-centre, randomised, non-inferiority, phase II/III trial evaluating efficacy and safety of
dolutegravir plus two NRTIs versus standard-of-care over 96 weeks follow-up in 700 HIVinfected children (<18 years old) starting first- or second-line antiretroviral therapy (ART)
in Africa, Europe and Thailand. With the pharmacokinetic substudies within ODYSSEY we
aimed to evaluate approved paediatric and pragmatic adult dosing with 50 mg FCT tablets
in children, using a minimal number of formulations and using WHO weightband dosing
(chapter 7). Another pharmacokinetic substudy within ODYSSEY assessed dolutegravir
dosing in HIV/TB co-infected children using rifampicin-based TB treatment (chapter 8).
As stated above, upon market approval of a new drug, data on appropriate dosing during
pregnancy are often lacking, as was the case for dolutegravir. During pregnancy many
physiological changes in a women’s body occur and can lead to altered drug pharmacokinetics. Most often this results in a risk for underdosing. As the use of ART by women
during pregnancy is beneficial for the mother and prevents mother to child transmission of
the virus, the benefits of using ART by the mother outweigh the risks for the unborn child.
Knowledge on dolutegravir pharmacokinetics during pregnancy is essential in order to
make appropriate recommendations on dolutegravir dosing and frequency of administration for HIV-positive pregnant women. That is why we conducted a multi-center pharmacokinetic study within the “Pharmacokinetics of Antiretroviral Agents in HIV-infected
Pregnant Women” (PANNA) network to measure total, free and metabolite concentrations
of dolutegravir in HIV-positive pregnant women (chapter 9).
In figure 3 all chapters of this thesis and their relation to the regulatory process for dolutegravir product development are depicted. The ultimate goal of our research was to
provide evidence based dolutegravir dosing recommendations in special subpopulations
and to ensure uptake of these new dosing recommendations in labelling and treatment
guidelines. With the research described in this thesis we thus aimed to ‘push boundaries’
in global dolutegravir use to support safe and effective global use of dolutegravir-based
treatment for all people living with HIV.
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Figure 3. Research topics covered in this thesis and their relation to product development and marketing
authorization of dolutegravir adult and paediatric formulations.
AE, adverse events; ARVs, antiretrovirals; DDI, drug-drug interaction; DTG, dolutegravir; FDC, fixed-dose combination; PIP, paediatric investigation plan; PSP, paediatric study plan; TB, tuberculosis; VPA, valproic acid; WB,
weightband.
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Dolutegravir pharmacokinetics and
pharmacodynamics in adults

Chapter 2
Clinical pharmacokinetics and pharmacodynamics
of dolutegravir used as a single tablet regimen
for the treatment of HIV-1 infection
PDJ Bollen, P Reiss, JM Schapiro, DM Burger
Expert Opinion on Drug Safety. 2015; 14(9): 1457-72

Chapter 2

Abstract
Introduction
With the introduction of the coformulated dolutegravir, abacavir and lamivudine a new
single tablet regimen (STR) is made available for the use in treatment-naive and treatmentexperienced HIV-infected patients. This drug combination is the fourth STR that will
be positioned next to the STRs with efavirenz, rilpivirine or elvitegravir as third agents,
respectively.

Areas covered
The objective of this review is to provide an overview of the efficacy and safety of the
combined dolutegravir/abacavir/lamivudine coformulation. The review will focus on dolutegravir and includes both published data as well as data presented at recent major
international HIV/AIDS conferences.

Expert opinion
The dolutegravir/abacavir/lamivudine regimen is highly effective in achieving sustained suppression of HIV-1 RNA plasma concentrations. The STR has a favourable safety profile and
a low potential for drug interactions, which will contribute to a prominent role in therapy.
As this STR contains abacavir as backbone component, the use requires patients to be
HLA-B*5701 negative, with good hepatic function. Other first line treatment combinations
are preferred for patients with hepatitis B co-infection or with a high cardiovascular risk.

24
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IntRoDUCtIon
Since the introduction of zidovudine in 1987 more than 25 antiretroviral drugs, from six
different classes, have become available for the treatment of HIV-infected patients. The use
of combination antiretroviral therapy (cART) has significantly reduced morbidity and mortality and prevented the progression to AIDS in the vast majority of HIV-positive patients.1
HIV can be considered a chronic condition requiring lifelong daily medication. Treatment
challenges such as problems with tolerability, high pill burden and medication adherence
have become important issues to overcome to guarantee long term success of therapy.2
STRs can be useful in these situations and may improve patient satisfaction and long-term
adherence. Currently available single tablet formulations are Atripla®, Eviplera® (named
Complera® in the USA) and Stribild®. Atripla® and Eviplera® consist of tenofovir and emtricitabine with either one of two non-nucleoside reverse transcriptase inhibitors (NNRTIs),
efavirenz or rilpivirine, respectively. Stribild® is the first STR combining a backbone of
tenofovir and emtricitabine with an integrase strand transfer inhibitor (INSTI), elvitegravir. It also contains cobicistat, for pharmacokinetic enhancement of elvitegravir. In 2014
dolutegravir (Tivicay®), a novel second generation INSTI, became available. According to
current guidelines, regimen consisting of dolutegravir combined with abacavir/lamivudine
or tenofovir/emtricitabine are amongst the recommended regimens for initial therapy.3-5
Dolutegravir 50 mg combined with 600 mg abacavir and 300 mg lamivudine is now also
available in a co-formulated tablet, named Triumeq®.6 The US Food and Drug Administration (FDA) approval of the fixed-dose combination tablet was based primarily on the 48
and 96-week results of the SINGLE-study and a bioequivalence study.7, 8 This review gives
an outline of key efficacy and safety data for the fixed-dose combination of dolutegravir,
abacavir and lamivudine. The focus will be on dolutegravir. We will briefly discuss the utility
of this regimen in particular patient groups, such as patients with hepatitis co-infection,
renal or hepatic insufficiency, (pregnant) women and in the elderly and discuss relevant
drug-drug interactions. In addition, an overall expert opinion commentary regarding the
use of this regimen is provided.

seARCH stRAtegy & MetHoDoLogy
For this review we searched the databases Pubmed and Embase from inception to January
2015. Also abstracts and posters of previous major HIV/AIDS conferences in 2013 and
2014 were searched for literature. Search terms used: dolutegravir, S/GSK1349572, abacavir, lamivudine, safety, efficacy, toxicity, side-effects and tolerability. Additional articles were
found by tracing citations to locate original sources. For efficacy data on dolutegravir only
head-to-head comparison studies are included for this review.
25
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Pharmacology
Mechanism of action
The INSTI dolutegravir acts by inhibiting the HIV-encoded integrase enzyme and prevents
the integration of the retroviral DNA into the host cell DNA.9-11 The nucleoside reverse
transcriptase inhibitors (NRTIs), abacavir and lamivudine, are substrates of the HIV-1 reverse
transcriptase enzyme. After entering the cell, they are converted to their active 5’-triphosphate (TP) anabolite, which competes with endogenous nucleosides, cytidine (in case of
lamivudine) and guanosine (abacavir), to become incorporated into the newly synthesized
nucleic acid chain of HIV viral DNA. This incorporation of abacavir or lamivudine TPs, blocks
further elongation of the viral DNA and terminates the replication of HIV.12, 13

Pharmacokinetics
Pharmacokinetic properties of dolutegravir alone as well as combined in the fixed-dose
combination tablet are summarised below. Pharmacokinetic data on abacavir and lamivudine have been extensively reviewed elsewhere.12-14 Table 1 summarises the main pharmacokinetic properties of dolutegravir, abacavir and lamivudine.
Table 1. Overview of pharmacokinetic properties for dolutegravir, abacavir and lamivudine.16, 18, 21, 85, 86
Dolutegravir 50 mg

Abacavir 600 mg

Lamivudine 300 mg

Bioavailability

n.d.

~ 83%

80-85%

Metabolism

Glucuronidation, UGT1A1 Glucuronidation,
(major), CYP3A4 (minor)
alcoholdehydrogenase

Excretion

Faeces and urine

Urine (major) and
faeces (minor)

Urine

Tmax (hours)

1.5-2.5

1

0.5-1.5

Cmax a

2.44

4.03

2.11

AUC0-t (µg*h * mL-1) a

44.73

13.92

12.75

Ctrough (µg/mL)

1.18

-

-

T1/2 (hours)

11-12

2.6

5-7

T1/2 intracellular (hours)

-

20.6

10.5-15.5

AUC0-t, area under the plasma concentration time curve; Ctrough, trough plasma concentration (measured concentration at the end of a dosing interval at steady state); CYP, cytochrome P450; n.d., not determined; Tmax, time
to maximal plasma concentration; T1/2, elimination half-life; UGT, uridine diphosphate glucuronosyltransferase.
a
As determined for the fixed-dose combination tablet.

Absorption and distribution
The pharmacokinetics of dolutegravir as individual component were evaluated in healthy
volunteers and in HIV-1 infected patients, as monotherapy and as part of cART.15-18 After
oral administration, dolutegravir is rapidly absorbed and the maximal plasma concentration
(Cmax) is reached within approximately 1.5 to 2.5 hours.16 When doses ranging from 2 to 50
26
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mg were administered orally as monotherapy HIV-infected patients a slightly less than dose
proportional increase in dolutegravir exposure (in the area under the plasmaconcentration
time curve (AUC0-∞) and Cmax) was seen in.16 The average trough plasma concentration
(Ctrough) of dolutegravir as part of cART (n=399) determined at week 4, 24 and 48 (coefficient of variation (%)), was 1.18 µg/mL (60%).18
Dolutegravir is highly plasma protein bound (>99%) and permeates into the cerebrospinal
fluid (CSF), despite the fact that it is a substrate for the efflux-pumps P-glycoprotein and
breast cancer resistance protein.19, 20 After 16 weeks of treatment the mean concentration
in the CSF obtained 2-6 hours post-dose (standard deviation, SD) was 12.6 (3.64) ng/mL
(n=12).19 This is higher than the IC50 of 0.2 ng/mL.19
The co-formulated dolutegravir/abacavir/lamivudine tablet is relatively large (22 X 11 mm,
weight ~1.7 g).21 Dolutegravir in this STR is bioequivalent to the co-administered separate
tablets of dolutegravir 50 mg and abacavir 600 mg/lamivudine 300 mg (Kivexa® or Epzicom®). In a randomized, open-label, single-dose, study in 62 healthy subjects the 90%
confidence intervals for the geometric least squares (GLS) mean ratios for the AUC0-∞ and
Cmax were within the accepted range (0.8 -1.25) for bioequivalence.21
The dolutegravir STR can be taken with or without food. A high-fat meal (~869 calories,
53% fat) increased the dolutegravir AUC0-∞ and Cmax with 48% (GLS mean ratio [90%
confidence interval (CI)] =1.48 [1.36-1.62]) and 37% (GLS mean ratio [90% CI] = 1.37
[1.26 – 1.48]), respectively, compared to the fasted state. This was in line with the increase
in AUC0-∞ (66%) seen for dolutegravir administered with food (870 calories, 53% fat) as
single tablet.22 Contrary to dolutegravir, administration of abacavir with a high fat meal
resulted in a 23% lower Cmax compared to the fasted state. The AUC0-∞ of abacavir was not
affected (ratio of GLS [90% CI] = 0.926 [0.899-0.953]). A lower Cmax is not likely to affect
the efficacy of abacavir, since the total amount of abacavir in plasma available for intracellular uptake is not changed. The observed decrease in Cmax of abacavir was consistent
with results seen in earlier studies with the separate tablet.23-25 Other pharmacokinetic
parameters for abacavir and lamivudine in the coformulated tablet did not differ between
the fasted and the fed state.21

Metabolism and elimination
Dolutegravir is mainly metabolised by glucuronidation by uridine diphosphate glucuronosyltransferase (UGT) 1A1. Approximately 10% of the dose administered is metabolised
by cytochrome P450 (CYP) 3A4.20, 26 In patients carrying UGT1A1 polymorphisms (poor
metabolizer status), dolutegravir AUC was 46% higher than observed in patients with
normal metabolizing capacities. Based on accumulated safety data, this increase is consid27
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ered not clinically relevant and no dose adjustments are required.27 A large proportion (~
50%) of the total oral dolutegravir dose is excreted in the faeces. Excretion by the kidneys
of the unchanged dolutegravir is low (<1%).26 See table 1 for metabolism and elimination routes of abacavir and lamivudine. Intracellular elimination half lives of abacavir and
lamivudine correspond to the terminal half-life of dolutegravir (see table 1). This supports
co-formulation of these agents in a once daily STR.

Patients with hepatic
The use of the STR dolutegravir/abacavir/lamivudine is not recommended in patients with
mild to severe hepatic impairment (Child Pugh’s Class A-C). In case of mild hepatic impairment the use of separate tablets is necessary to allow for a dose adjustment of abacavir to
200 mg BID. In patients with moderate or severe hepatic impairment the use of abacavir
is not recommended. In a single-dose study in 8 subjects with mild to moderate hepatic
impairment (Child Pugh’s Class B) no dose adjustment was required for dolutegravir 50 mg
QD.28 Dolutegravir pharmacokinetics were not evaluated in patients with severe hepatic
impairment. Lamivudine is not dependent on hepatic metabolism and a dose adjustment
is not required.

Patients with renal insufficiency
The dolutegravir/abacavir/lamivudine STR is not recommended for use in patients with an
estimated glomerular filtration rate (eGFR) < 50 mL/min. Below this value a dose adjustment for lamivudine to 150 mg once daily is recommended.6, 29 Abacavir requires no dose
adjustment in renal insufficiency.30 Dolutegravir AUC0-∞ was surprisingly ~ 40% lower in
subjects with severe renal insufficiency (eGFR < 30 mL/min).31 The mechanism behind this
reduction in exposure is yet unknown. Careful treatment optimisation is advised in situations requiring high dolutegravir exposure, such as in subjects with resistance to INSTIs or
drug-drug interactions.31

Drug-drug interactions
A summary of drug-drug interactions with the dolutegravir/abacavir/lamivudine STR requiring a dose adjustment or treatment alteration is given in Table 2. Co-administration of
drugs that inhibit or induce UGT1A1 or CYP3A may cause pharmacokinetic drug-drug
interactions with dolutegravir. Dolutegravir itself has no clinically relevant inhibitory or
inducing effects on main CYP-enzymes. However, dolutegravir inhibits the renal organic
cation transporter 2 (OCT2). This inhibition causes an increase in exposure to drugs, such
as metformin, that depend on OCT2 transport along the basolateral membrane for
subsequent elimination.20, 32 The NRTIs, abacavir and lamivudine, have less potential for
pharmacokinetic drug-drug interactions, since they do not have inducing or inhibiting effects and are less dependent on metabolism.
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table 2. Drug interactions for the fixed-dose combination of dolutegravir, abacavir and lamivudine requiring dose adjustments or treatment alterations.
Interacting drug

effect

Mechanism

Recommendation for coadministration with Dtg/
ABC/3tC

Ref

efavirenz

dolutegravir ↓

UGT1A1 and CYP3A
induction

DTG 50 mg BID required.
Do not combine in patients
with INSTI resistance.

36

nevirapine *

dolutegravir ↓

UGT1A1 and CYP3A
induction

DTG 50 mg BID required.
Do not combine in patients
with INSTI resistance.

etravirine

dolutegravir ↓

UGT1A1 and CYP3A
induction

Only combine if coadministered with ATV/r,
DRV/r, LPV/r.

87

tipranavir/ritonavir

dolutegravir ↓

UGT1A1 and CYP3A
induction

DTG 50 mg BID required.

36

emtricitabine
* didanosine
* stavudine *
zidovudine*

lamivudine
intracellular ↓

Potential risk
for intracellular
interaction

Do not combine.

rifampin

dolutegravir ↓

UGT1A1 and CYP3A
induction

DTG 50 mg BID required.

35

trimethoprim/
sulfamethoxazole

lamivudine ↑

OCT inhibition

Do not combine in patients
with renal impairment.

88

phenobarbital *
oxcarbazepine *
phenytoin *
carbamazepine

dolutegravir ↓

UGT1A1 and CYP3A
induction

Avoid combination.
For combination
with carbamazepine,
dolutegravir 50 mg BID
required.

89

cladribine

cladribine
intracellular ↓
/ lamivudine
intracellular ↓

Inhibition of
intracellular
phosphorylation
of cladribine by
lamivudine or vice
versa

Avoid combination.

90

dofetilide *

dofetilide ↑

OCT2 transporter
inhibition by
dolutegravir

Do not combine. Dofetilide
is contra-indicated
in combination with
dolutegravir.

metformin

metformin ↑
dolutegravir ↔

OCT2 transporter
inhibition by
dolutegravir

Monitor safety and efficacy
of metformin and adjust
dose if necessary.

32

magnesium
or aluminium
containing antacids

dolutegravir ↓

Complexation of
dolutegravir to
polyvalent cations

Antacid administration:
2 hours after or 6 hours
before DTG/ABC/3TC.

34
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Table 2. Drug interactions for the fixed-dose combination of dolutegravir, abacavir and lamivudine requiring dose adjustments or treatment alterations (continued).
Interacting drug

Effect

dolutegravir ↓
calcium
supplements/
iron supplements/
multivitamins (cation
containing)

Mechanism

Recommendation for coadministration with DTG/
ABC/3TC

Ref

Complexation of
dolutegravir to
polyvalent cations

Supplement administration:
2h after or 6h before DTG/
ABC/3TC. Calcium or iron
supplements can be coadministered if taken with
food.

33, 34

St. John’s wort *

dolutegravir ↓

UGT1A1 and CYP3A
induction

Do not combine.

methadone

abacavir ↔
methadone
(CL/F) ↑

Unknown

Usually no dose adjustment
needed, but re-titration of
methadone is required in
some cases.

91

92, 93

* = drug-drug interaction not studied. The interaction is derived from another drug-drug interaction study
involving a drug from the same class or can be expected based on known inducing or inhibiting effect or on the
route of elimination of the drug involved.

Several important interactions for clinical practice arise if dolutegravir is co-administered
with antacids, metal cation-containing products or multivitamins (see the recommendations in Table 2).33, 34 Especially co-administration with metal cations, such as aluminium or
magnesium, should be avoided. Co-administration can highly impair dolutegravir absorption (74% decrease in both AUC and minimal plasma concentration 24 h post-dose (Cmin)34)
and is due to chelation of cations at the active site of dolutegravir.33 The lowering effect
of rifampicin on dolutegravir plasma concentration can be circumvented by the use of
rifabutin as an alternative.35 Since co-administration with efavirenz, nevirapine, etravirine
and tipranavir/ritonavir lowers dolutegravir concentration, an increase to dolutegravir 50
mg BID is required.36 In such case, an additional dolutegravir 50 mg tablet can be added
to the STR. Ritonavir boosted fosamprenavir lowered dolutegravir AUC, Cmax and Cmin by
35%, 24%, 49%, respectively.37 No dose adjustment is required according to the European
summary of product characteristics (SPC).6 Nevertheless, this may need further attention if
high dolutegravir levels are required.
Other drug-drug interactions for dolutegravir, for example the combination with rilpivirine,
atazanavir(/ritonavir), lopinavir/ritonavir, boceprevir, telaprevir and prednisone,38-42 were
investigated and require no dose adjustment of the STR or co-administered drug. For a
complete list of the influence and recommendations on known and derived drug-drug
interactions see the information on drug-drug interactions available at http://www.hivdruginteractions.org/.
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PHARMACoDynAMICs
Antiviral activity
Dolutegravir use results in a rapid decline in HIV-1 RNA, with a clear dose-response relationship.16, 17 After 10 days of monotherapy with dolutegravir 50 mg QD in treatment-naive
HIV-infected patients (n=10) a decline (SD) of 2.46 log10 (0.35) HIV-1 RNA copies/mL was
observed. This antiviral response was maintained for 4 days after the last 50 mg dose.16
Dolutegravir dissociates more slowly from wild-type integrase-DNA complexes compared
to raltegravir and elvitegravir (dissociation half-life (t1/2,diss) = 71 hours vs. 8.8 hours and
2.7 hours, respectively).43 The in vitro protein adjusted 90% inhibitory concentration (IC90)
of dolutegravir against wild-type HIV-1 is 0.064 µg/mL.11, 15 After a single dose of ≥ 5 mg
dolutegravir plasma concentrations remained above the IC90 threshold for more than 30h
in healthy subjects.16 Trough plasma concentrations of dolutegravir 50 mg (n=47) were as
high as 19 times the IC90 (Ctrough1.20 µg/mL (coefficient of variation 60%).17

Resistance
The genetic barrier to resistance relates to the difficulty with which HIV acquires resistance
to a drug. It is a function of both virological and pharmacological characteristics. In vitro as
well as clinical data show that dolutegravir has a higher barrier to resistance than raltegravir
and elvitegravir.11, 44 This is a result of a number of favorable attributes including; 1) small
reductions in susceptibility from individual integrase mutations,11, 45 2) slow dissociation
rate from the integrase-DNA complex,43 and 3) trough concentrations substantially above
the protein adjusted IC90 for single mutations.16-18 To date, in drug-naïve patients failing
a combination of 2 NRTIs plus dolutegravir drug regimen there are no key dolutegravir
mutations seen.46-48
Integrase inhibitors have only recently entered the clinical realm and data on the optimal
treatment of patients failing this class and selecting for resistance mutations are limited.
The drug development program of dolutegravir included considerations of reduced crossresistance with other integrase inhibitors (elvitegravir and raltegravir) when the initial molecule was chosen. This, together with the, already mentioned, choice of a relatively high
exposure was expected to provide at least some activity in the setting of previous failure
with raltegravir or elvitegravir. Data from the VIKING studies in which highly treatmentexperienced patients who had previously failed on integrase inhibitors were treated with
dolutegravir, indeed suggested this was the case. Response to therapy varied, but many of
the patients were undetectable with this salvage regimen including dolutegravir 50 mg BID
(see also section on ‘Dolutegravir efficacy in treatment-experienced patients’).49-51 Success
was strongly correlated with the degree of integrase resistance that had accumulated with
previous integrase inhibitor use (primarily raltegravir). Predictions of response were depen31
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dent on both which and how many mutations had accumulated. Selection of mutations at
integrase position 148 are known to greatly reduce activity of raltegravir and elvitegravir,
precluding their clinical utility. Although dolutegravir retained substantial activity when
the 148 mutation alone was present, as additional key mutations such as 140 and 138
accumulated, responses were further reduced. Patients harboring 148 plus two additional
key mutations had low response rates to dolutegravir, and only a small minority achieved
viral suppression.49
More detailed discussions of the resistance characteristics of dolutegravir are beyond the
scope this review, but have recently been detailed elsewhere (Llibre et. al.52 or others53-55).

Efficacy
A number of trials have evaluated dolutegravir efficacy in treatment-naive and treatmentexperienced patients. Table 3 gives an overview of demographics and key efficacy data for
dolutegravir in multi-centre, randomised, phase III, non-inferiority clinical trials, conducted
mainly in western countries. For these studies FDA snapshot analysis was used for determination of the primary endpoint.

Dolutegravir efficacy in treatment-naïve patients
In treatment-naive patients dolutegravir was compared to efavirenz (SPRING-1 and
SINGLE), raltegravir (SPRING-2) and ritonavir boosted darunavir (FLAMINGO). Studies
included patients aged ≥ 18 years with an HIV-1 RNA ≥ 1000 copies/mL. In all trials overall
baseline characteristics were similar across different treatment groups. Approximately 30%
of patients had baseline HIV-1 RNA levels of > 100.000 copies/mL and in the FLAMINGO
trial CD4+ T-cell counts at baseline were slightly higher. Abacavir/lamivudine or tenofovir/
emtricitabine were used as NTRI backbone components of the regimens given in these
clinical trials.
In a previous phase IIb, multi centre, randomized, partially blinded, dose-ranging study
(SPRING-1), which compared dolutegravir 10 mg (n=53), 25 mg (n=51) and 50 mg (n=51)
to efavirenz 600 mg (n=50), a dose of 50 mg was selected for further investigation in
phase III clinical trials.17, 56 The primary analysis at week 16, using the time to loss of
virological response (TLOVR) algorithm, showed a high percentage of patients with HIV-1
RNA plasma concentrations < 50 copies/mL in all dolutegravir subgroups: 96%, 92% and
90% for 10 mg, 25 mg and 50 mg dolutegravir, respectively, vs. 60% of patients in the
efavirenz group. Dolutegravir use resulted in sustained high response rates, as was shown
by the results of the planned analysis after 48 weeks (91%, 88% and 90%) and 96 weeks
(79%, 78% and 88%) of treatment. Efavirenz response rates were slightly lower: 82%
(week 48) and 72% (week 96).56
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In the SINGLE study the dolutegravir + abacavir/lamivudine regimen (n=414) showed noninferiority, in a direct comparison, to efavirenz combined with tenofovir and emtricitabine
(n=419). Including matched placebos, a total of three pills QD were taken. Further analysis
showed also superiority for the dolutegravir + abacavir/lamivudine regimen (p=0.003). In
Table 3 efficacy results by week 48, 96 and 144 are summarised. Discontinuations due to
adverse events (AEs) were the main reason for differences in efficacy. Mean increase in
CD4+ T-cell count was higher in the dolutegravir treatment group (p<0.001). In subgroups
with baseline HIV-1 RNA > 100.000 copies/mL, CD4+ T-cell counts ≤ 200 cells/µL, in women
or subjects aged ≥ 50 years, there seemed no difference in virological success rates between
both treatment groups (‘zero’ was included in de 95% CI of the unadjusted difference).
However, in the high viral load stratum a slight trend towards favouring the dolutegravir
+ abacavir/lamivudine regimen was seen, with success rates of 83% of patients (111/134)
vs. 76% (100/131) of patients in the efavirenz group.7, 57 At 96 weeks, protocol defined
virological failure (PDVF) was increased from 4% (week 48) to 6% of patients in each
group, which was in 80% (dolutegravir) and 68% (efavirenz) of cases due to low level
viremia (i.e. HIV RNA < 200 copies/mL).8 After the following open-label extension phase up
to week 144, results for virological success rates, CD4+ T-cell counts, treatment emergent
major resistance-associated mutations and PDVF were consistent with earlier results.46
In the active controlled, double placebo SPRING-2 trial, dolutegravir 50 mg QD showed
non-inferiority to raltegravir 400 mg BID, both combined with an investigator selected NRTI
backbone, after 48 weeks (primary analysis) and 96 weeks of treatment (see results in Table
3). The difference in response between week 48 and 96 was mainly explained by discontinuations for reasons other than AEs. Efficacy seemed also comparable in patients with high
baseline plasma HIV-1 RNA levels (≥ 100.000 copies/mL) receiving dolutegravir combined
with tenofovir/emtricitabine (83% (64/77)) vs. abacavir/lamivudine (81% (30/37)).57 In subgroups with baseline CD4+ T-cell counts below 200 cells/µL there was no difference seen in
efficacy between raltegravir and dolutegravir.18 After 96 weeks, PDVF was seen in 22/411
(5%) patients on dolutegravir and in 29/411 (7%) on raltegravir.47
In the open-label FLAMINGO study, a higher percentage of patients achieved undetectable
plasma HIV-1 RNA at 48 weeks on dolutegravir 50 mg QD compared to ritonavir boosted
darunavir 800 mg/100 mg QD (both combined with investigator selected NRTI backbone).
This difference in efficacy was mainly driven by a lower rate of discontinuations due to AEs
in the dolutegravir group. Non-inferiority was shown for dolutegravir over boosted darunavir (see Table 3) and in a pre-specified secondary analysis also superiority for dolutegravir
was shown (p=0.025).58 After 96 weeks, dolutegravir showed higher sustained virological
response rates compared to darunavir/ritonavir (p=0.002). Virological non-response (8%
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vs. 12%) and non-response due to other reasons (12% vs. 21%) was lower in the dolutegravir group. As for the results at 48 weeks, in the stratum with baseline HIV-1 RNA
≥ 100.000 copies/mL virological response rates seemed higher in the dolutegravir group
(82% vs. 52%, no p-value reported), irrespective of NRTI backbone regimen.48
In the above mentioned trials dolutegravir showed a rapid virological response in the first
weeks of treatment, which was sustained throughout the rest of the trial. Difference in
mean time to virological suppression was more pronounced for the comparison to efavirenz
(SINGLE: 28 vs. 84 days) and darunavir/ritonavir.7, 58 Compared to raltegravir there was no
difference.18 In a retrospective pooled data analysis, which included data of the SPRING-2,
SINGLE and FLAMINGO studies (n = 2139), the primary efficacy endpoint was affected by
the baseline HIV-1 RNA plasma concentration and CD4+ T-cell count, third agent, age (< 36
or ≥ 36 years), hepatitis co-infection and risk factors (i.e. homosexual sex or intravenous
drug use). Overall there was no difference in response by NRTI backbone used (abacavir/
lamivudine; 86% vs. tenofovir/emtricitabine; 85%), adjusted difference (AD) = 1.1% (95%
CI [-1.8–4.0]), or in subgroups with HIV-1 RNA ≥ 100.000 copies/mL, AD = -2.5 % (95%
CI [-8.9–3.8]).59

Dolutegravir efficacy in treatment-experienced patients
The SAILING study, a phase III, double-blind non-inferiority trial, was conducted in cARTexperienced, but INSTI-naive patients, with resistance in ≥ 2 drug classes.44 Dolutegravir
50 mg QD was compared to raltegravir 400 mg BID, both combined with an optimized
background regimen (OBR) (most commonly darunavir/ritonavir + tenofovir (19%)).
Overall baseline characteristics were comparable in both treatment groups. Primary analysis
(week 48) not only showed non-inferiority (see results in table 3), but even superiority for
dolutegravir 50 mg (p=0.03). Virological non-response (mainly due to discontinuation for
lack of efficacy) was the main reason for the difference in response rates. In both groups
CD4+ T-cell count increased similarly after 48 weeks (see also table 3). Dolutegravir showed
higher response rates in patients with HIV-1 RNA > 50.000 copies/mL at baseline (62% vs.
47%; difference = 15.2 % (95% CI [1.9-28.4]) and in patients who did not use darunavir/
ritonavir as backbone or who had primary protease inhibitor mutations (71% vs. 62%,
difference = 9.3% (95% CI [1.6-17.0]). A key secondary endpoint of the SAILING study
was the proportion of patients with treatment-emergent integrase-inhibitor resistance,
which was found in 4 patients (1%) in the dolutegravir group vs. 17 patients (5%) in the
raltegravir group (p=0.003).44
The efficacy of dolutegravir in highly treatment experienced HIV-1 infected patients was
studied in the VIKING phase II and III trials.49-51 Here patients who had failed multiple regi34
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table 3. Summary of phase III non-inferiority studies evaluating the efficacy of dolutegravir.
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mens, including INSTIs were enrolled. The VIKING studies had an unique design in which an
initial short monotherapy phase with dolutegravir was followed by longer treatment with
dolutegravir combined with an OBR. In the phase IIb open-label, single arm VIKING-study
78% reached a plasma HIV-RNA < 400 copies/ml or a decrease by ≥ 0.7 log10 at day 11
in cohort I (dolutegravir 50 mg QD, n=27) compared to 96% in cohort II (dolutegravir 50
mg BID, n=24). As mentioned in section ‘Resistance’, the subsequent single-arm VIKING-3
study (n=183) showed a varied efficacy of dolutegravir 50 mg BID in this heavily pretreated population with INSTI resistance during 24 weeks of treatment. At this point 69%
of subjects had a plasma HIV-RNA level below 50 copies/mL.49, 50

Safety
Abacavir and lamivudine have already been used in clinical practice for more than ten years
and the safety profiles of these agents are well known. Therefore the following section will
primarily focus dolutegravir safety aspects.
Drugs from the family of integrase inhibitors are known for their good tolerability and
favourable safety profile. The most common adverse events (AE) seen with the use of
INSTIs are gastrointestinal disturbances, such as diarrhoea and nausea, but also headache
is a common.64 In addition, INSTIs have shown infrequent lipid elevations and low rates of
metabolic abnormalities.64, 65 Nevertheless, raltegravir has been associated with creatinine
phosphokinase (CPK) elevations and cobicistat, in the elvitegravir single-tablet formulation,
is associated with benign increases in serum creatinine.64
For dolutegravir most reported adverse events experienced by patients in phase III clinical
trials were nausea, diarrhoea, headache, insomnia and nasopharyngitis. In general, dolutegravir was well tolerated and so, the dolutegravir safety profile seems in line with the
overall safety profile of other INSTIs. Table 4 gives an overview of AEs reported with an incidence of ≥ 5% after 48 weeks of treatment with dolutegravir compared to the percentage
(or percentage range) of patients experiencing these adverse events in comparator arms in
dolutegravir phase III clinical trials. What is surprising is that in the SINGLE-study insomnia
was reported in 15% of subjects on treatment with dolutegravir, compared to 10% of
subjects receiving the efavirenz based regimen.7 Something to note here is that the SINGLE
study used a questionnaire for the evaluation of AEs which included specific questions on
insomnia. As expected, neuropsychiatric symptoms such as dizziness and abnormal dreams,
but also rash occurred more frequently in the efavirenz group (see Table 4). Also, diarrhoea
(17% vs. 29%) was reported more frequently for ritonavir boosted darunavir than for the
dolutegravir treatment regimen.48, 58 And not surprisingly, raltegravir and dolutegravir in
the SPRING-2 and SAILING studies showed overall similar safety profiles.18, 44, 47
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Dolutegravir did not show any signs of dose-related trends in type, frequency or severity of
AEs or laboratory abnormalities, as was shown with increasing doses of dolutegravir (10,
25 and 50 mg) in the SPRING-1 study.17, 56 Also patients receiving dolutegravir 50 mg BID in
the VIKING-studies showed a similar safety profile to the dolutegravir 50 mg QD regimen.51
table 4. Summary of adverse events reported in ≥ 5% of patients receiving dolutegravir in phase III
clinical trials compared to the percentage (or percentage range) of patients experiencing these adverse
events in comparator arms.
study
Regimen

Diarrhoea

sIngLe
(48 week)

sPRIng-2, FLAMIngo, sAILIng
(48 week)

Dtg + ABC/3tC eFV/tDF/FtC Dtg + backbone DRV/r or RAL +
backbone regime a
(n=414)
(n=419)
regimen
(n=411, 242, 357) (n=411, 242, 362)
17%

18%

11-20%

11-29%

Nausea

14%

14%

8-16%

8-18%

Headache

13%

13%

9-15%

9-12%

Nasopharyngitis

15%

14%

6-11%

6-12%
4-6%

Insomnia

15%

10%

<5-7%

Fatigue

13%

12%

4-6%

4-7%

Upper respiratory tract infection

9%

10%

5-11%

6-10%

Dizziness

9%

35%

< 5-6%

< 5-6%

Cough

6%

7%

< 5-9%

< 5-7%

Abnormal dreams

7%

17%

< 5%

< 5%
< 5-6%

Vomiting

5%

5%

< 5-6%

Depression

6%

6%

≤ 5%

< 5%
< 5-6%

Pyrexia

6%

5%

≤ 5%

Back pain

6%

4%

< 5%

≤ 5%

Oropharyngeal pain

5%

3%

< 5%

< 5%

Bronchitis

5%

4%

< 5%

≤ 5%

Inﬂuenza

3%

1%

3-7%

< 5-7%

Rash

3%

14%

≤ 5%

≤ 6%
< 5%

Upper abdominal pain

3%

3%

≤ 5%

Anxiety

3%

6%

< 5%

≤ 5%

Urinary tract infection

1%

3%

< 5-7%

≤ 5%

Pharyngitis

2%

2%

≤ 5%

3-5%

Somnolence

2%

5%

< 5%

< 5%

3TC, lamivudine; ABC, abacavir; DTG, dolutegravir; NRTI, nucleoside reverse transcriptase inhibitor.
a
Backbone regimen used here consisted of 2 NRTIs (abacavir/lamivudine or tenofovir/emtricitabine) in studies
evaluating efficacy and safety in treatment-naive patients (SPRING-II and FLAMINGO), but could also include
other anti-retroviral agents (other than NRTIs) as backbone regimen when used in treatment-experienced patients (in the SAILING study).

Especially in the SINGLE-study the rate of discontinuations due to AEs was lower with
the use of the dolutegravir/abacavir/lamivudine regimen compared with the efavirenz/
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tenofovir/emtricitabine comparator regimen (2% vs. 10%).7, 8 Other studies also showed
this low rate of discontinuations due to AEs after 48 weeks of treatment for a dolutegravir
treatment regimens (2% for dolutegravir vs. 2% and 4% in comparator arms with raltegravir or ritonavir boosted darunavir, respectively).18, 58 In the SAILING study, 3% and 4%
of patients discontinued treatment with dolutegravir or raltegravir, respectively, due to AEs.
Serious adverse events (SAE) occurred in 7-11% of patients on a dolutegravir treatment
regimen in phase III clinical trials.7, 18, 44, 58 Similar rates of SAEs were experienced in comparator arms, except in the FLAMINGO trial, were SAEs were frequently more reported in
the dolutegravir arm (11%) than in the subjects that were treated with ritonavir boosted
darunavir (5%).58 In general, there was no pattern or trend seen in the rate of reported
SAEs and most SAEs did not seem to be drug-related. However, SAEs in phase III clinical trials that were attributed to the dolutegravir/abacavir/lamivudine regimen were a suspected
hypersensitivity reaction and a case of osteonecrosis.7, 46 Other unique SAEs attributed to
dolutegravir were aphasia, hypersensitivity, a case of hepatitis18 and a suicide attempt in a
patient who had a history of suicidal ideation.58
Drug-induced liver injury, or hepatotoxicity, can be a side-effect of many antiretroviral
drugs. The hepatic safety profile of dolutegravir was in general similar to the profile of
raltegravir and other comparator drugs.66 The hepatic safety of dolutegravir in HIV and
HBV/HCV co-infected patientd is discussed in more detail in the section on HBV/HCV coinfection.
Notable is a typical increase in serum creatinine which is seen after treatment initiation
with a dolutegravir containing regimen. Dolutegravir decreased the estimated creatinine
clearance by 10-14% in an open-label study in 34 healthy subjects. However, actual glomerular filtration rate, as measured by iohexol clearance and effective renal plasma flow,
was not affected.67 The cause of this apparent benign phenomenon is inhibition of the
OCT2 transporter by dolutegravir.20, 68 Small non-progressive increases in serum creatinine
(mean change from baseline ~10-16 µmol/L) were seen in patients receiving dolutegravir
in phase II and III clinical trials.7, 17, 18, 47, 48, 51, 58 These increases appeared within two weeks
of starting treatment and stabilized to reach a plateau phase. In treatment-naive patients
no grade 3-4 renal toxicities or discontinuations due to renal AEs related to dolutegravir
were seen.7, 58
A pooled data analysis of dolutegravir phase IIb-III clinical trials in treatment-naive patients informs more on the specific lipid profiles of dolutegravir and comparator drugs.69
Dolutegravir showed a neutral lipid profile (total cholesterol, low-density lipoprotein (LDL)
and triglycerides) compared to darunavir/ritonavir and efavirenz.7, 58, 69 Fasting LDL eleva38
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tions (grade 2) in the FLAMINGO study (week 96) were significantly more frequent in the
darunavir/ritonavir group (22% vs. 7%, p<0.001).58, 69 Small, non-clinical relevant increases
in total cholesterol, LDL and triglycerides were seen in both the dolutegravir and raltegravir
groups in the SPRING-2 study.18, 69

2

An integrated safety analysis by Curtis et. al. informed more on clinical and laboratory
safety of dolutegravir, including CPK elevations.66 The incidence of CPK elevations (grade
3-4) during the use of dolutegravir (5%), efavirenz (5%), raltegravir (4%) or darunavir/
ritonavir (4%) was similar.66 In the treatment-experienced patients in the SAILING study
grade 3-4 CPK elevations developed in 2% and 1% with the use of dolutegravir and
raltegravir, respectively.66 Furthermore, dolutegravir does not affect cardiac repolarisation,
since a single supratherapeutic dose of 250 mg did not show any relevant QT-interval
prolongation.70

sPeCIAL PoPULAtIons
HBV/HCV co-infection
Dolutegravir phase III clinical trials included only 7-16% of hepatitis B virus (HBV) or C virus
(HCV) co-infected patients (see Table 3).7, 18, 44, 58 The dolutegravir STR is not preferred as
first line therapy in co-infected patients in need of HBV therapy. Dolutegravir and abacavir
itself are not active against HBV and the remaining lamivudine monotherapy has a low barrier for resistance.6, 71 Tenofovir has a higher barrier to resistance against HBV and therefore
tenofovir containing regimen are recommended in HBV co-infection.3, 4
HBV or HCV co-infected patients receiving antiretroviral therapy are at increased risk
for developing severe hepatic AEs. This was also shown for dolutegravir, which caused
grade 2-3 ALT elevations in 16% of co-infected patients versus 3% in non-coinfected.66
In treatment-naive co-infected patients the incidence of grade 2-4 liver enzyme elevations was highest with efavirenz and raltegravir, intermediate with dolutegravir and the
lowest with darunavir/ritonavir. In co-infected treatment-experienced patients grade 2-4
ALT elevations were more frequent with dolutegravir than with raltegravir use (22% vs.
8%). This finding was attributed to occurrence of HBV flares or HBV/HCV immune reconstitution inflammatory syndrome (IRIS). It could also be a result of differences in efficacy
between dolutegravir and raltegravir in these groups, rather than dolutegravir induced liver
toxicity.44, 66, 72 Hepatic flares were probably the result of the lack of HBV treatment. This
underscores the importance of adequate treatment for HBV in co-infected patients, when
starting an HIV treatment regimen containing a highly active drug, such as dolutegravir.
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In the context of HIV and HCV co-infection, it is important to pay special attention to
drug-drug interactions between concurrently used antiretroviral drugs. With the use of the
dolutegravir STR the potential for drug-drug interactions with HCV drugs is low. No dose
adjustments are needed for the combination with boceprevir or telaprevir.41 In addition,
no relevant drug-drug interactions are expected with the concomitant use of simeprevir,
sofosbuvir, daclatasvir or ledipasvir.

Elderly
There is very limited data on the use of dolutegravir in the elderly. The mean age of patients
included in clinical trials is approximately 35 years and treatment-experienced patients
included in the SAILING study were slightly older (median age 43 years).44 So far, there
is no evidence for altered efficacy and safety in older patients and therefore no doseadjustments are required. However, monitoring for AEs, renal function and haematological
parameters is important in this particular group.

Women
There is only limited experience with the use of dolutegravir in women, but so far there are
no data demonstrating a difference in efficacy or safety. The efficacy of HIV therapy and
the incidence or severity of AEs may be different between men and women.73 Like most
studies, dolutegravir phase III clinical trials included only a minority of women (circa 15%),
with a somewhat higher proportion (32%) in the SAILING study. No conclusions can be
drawn for efficacy of dolutegravir in men vs. women from subgroup analyses due to this
low number of subjects. Importantly, dolutegravir did not influence pharmacokinetic or
pharmacodynamic parameters of ethinylestradiol and norgestimate74 and contraceptive efficacy is unlikely to be compromised if dolutegravir/abacavir/lamivudine is co-administered
with oestrogen and progesterone oral contraceptives.

Pregnancy
Use of dolutegravir/abacavir/lamivudine during pregnancy should be considered with
caution. Abacavir and lamivudine are among the preferred NRTIs for use in pregnancy.75
However, so far, there is no documented experience with the use of dolutegravir in pregnant women. Animal studies showed placental passage for dolutegravir, but no evidence
for teratogenicity.6 In addition, excretion in breast milk was shown.6 Placental transfer to
the fetus and teratogenicity in humans is unknown.

Children & adolescents
There is only limited data available on clinical efficacy and safety of dolutegravir for use
in children and adolescents aged 12-18 years. Licensing of dolutegravir by the FDA for
use in this group was based on the 24 week results of this age defined cohort in a trial
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by the IMPAACT network.76 This study included treatment-experienced, but INSTI naive,
children (n=23) whose median age (range) was 14 years (12-17). Dolutegravir dosing was
based on weight (~1 mg/kg) and consequently 19 children received 50 mg per day and
4 children 35 mg dolutegravir per day. An OBR was added after a short period of dolutegravir monotherapy with the failing backbone regimen. At week 48, 73.9% of children
had HIV-1 RNA concentrations < 400 copies/mL and dolutegravir was well tolerated with
no discontinuations due to AEs. One patient developed elevated unconjugated bilirubin
levels (grade 3) and another patient lipase elevation (grade 3), both considered not related
to dolutegravir.76 The dolutegravir, abacavir and lamivudine regimen is currently under
investigation in paediatric patients and a granular formulation of dolutegravir is being
developed.77, 78

ConCLUsIon
The new once daily STR consisting of dolutegravir/abacavir/lamivudine is superior in efficacy to efavirenz/tenofovir/emtricitabine, one of the current most frequently used regimens in treatment-naive patients. In a drug-naive population dolutegravir combined with
a nucleoside backbone is also superior to ritonavir boosted darunavir and non-inferior to
raltegravir. Moreover, in treatment-experienced patients, dolutegravir was non-inferior and
seemed even superior to raltegravir in suppressing the HIV-1 RNA viral load. Dolutegravir
as part of cART is well tolerated and has a favourable safety profile. Most reported AEs are
nausea, diarrhoea, headache and nasopharyngitis. Dolutegravir causes a benign increase
in serum creatinine resulting from inhibition of tubular creatinine excretion. Compared to
other INSTIs, dolutegravir has a higher barrier to resistance. Due to the favourable pharmacokinetic profile of dolutegravir the STR regimen is less prone to interactions and only
causes a few interactions itself.

eXPeRt oPInIon
In this review we outlined the available data on the pharmacokinetics and pharmacodynamics of dolutegravir used as STR, focussing on dolutegravir. Dolutegravir is effective
and safe for the treatment of HIV-1 in adults. This was assessed in large well-designed
phase III clinical trials. Dolutegravir has favourable pharmacokinetic and pharmacodynamic
characteristics. It is the first INSTI that can be administered once daily, without the need for
a pharmacokinetic booster, in contrast to elvitegravir (cobicistat as booster) and raltegravir
(400 mg BID79). Because of the above mentioned aspects and its convenient use the dolutegravir STR may gain a prominent place in therapy.
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The dolutegravir/abacavir/lamivudine regimen can also be used in patients with baseline
viral loads > 100.000 copies/mL. The efficacy of the abacavir/lamivudine backbone regimen
combined with a number of different third agents, other than dolutegravir, in patients with
initial high baseline viral loads was previously discussed.61, 80 Official indications do not
distinguish between patients with high or low baseline HIV-1 RNA levels for the use of abacavir/lamivudine.62, 63 In some dolutegravir phase III clinical trials (SPRING-2 and FLAMINGO)
inclusion bias can be an issue for results in subgroups stratified by baseline HIV-1 RNA level,
because the backbone regimen were selected by the investigator. Abacavir/lamivudine and
tenofovir/emtricitabine were selected as NRTI-backbone in approximately 35% and 65%
of patients, respectively. However, baseline HIV-1 RNA levels did not differ between these
groups. In addition, subanalysis with a limited number of patients revealed no evidence of
compromised efficacy in patients with high baseline HIV-1 RNA levels receiving a backbone
regimen of abacavir/lamivudine compared to tenofovir/emtricitabine.59
Dolutegravir used as STR will be a good treatment option for patients with gastrointestinal disturbances and (pre-existing) lipid disturbances. In patients with HCV coinfection
dolutegravir as STR would be an attractive option because of its low potential to induce
drug-drug interactions. It can also be an alternative to a tenofovir containing regimen in
patients with renal toxicity. However, the dolutegravir STR is not recommended for use
in patients with an eGFR < 50 mL/min, because of lamivudine. In addition, dolutegravir
causes small benign increases in serum creatinine. Consequently, this basically results in a
new lower ‘eGFR set point’. This should be taken into account when interpreting the eGFR
value in patients using dolutegravir.
Dolutegravir (and other integrase inhibitors) show a more rapid decrease in HIV-1 RNA in
the first weeks of treatment compared to efavirenz and darunavir/ritonavir. The (long-term)
relevance of this in clinical practice is not clear, but it can possibly be beneficial in specific
situations, for example late presenting pregnant women.
Selection of resistance mutations upon loss of viral suppression is a hallmark of anti
retroviral therapy and commonly seen with most drugs, albeit with varying rates. The only
drug class to show an extremely low rate of mutations are the ritonavir boosted protease
inhibitors, such as lopinavir/ritonavir and darunavir/ritonavir. This has been attributed to a
number of factors including a high genetic barrier to resistance. Although poorly defined,
it is characterized by small increments of loss of activity by single mutations together with
very high drug levels. Dolutegravir is the only approved integrase inhibitor that shares these
characteristics with boosted PIs, thus it also might be expected to rarely select for mutations
upon failure. What has been surprising to date is the complete lack of key dolutegravir
mutations seen in drug naïve patients failing a combination 2 NRTI + dolutegravir drug
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regimen. This may be a result of the unique virological and pharmacological characteristics
of dolutegravir dosed at 50 mg QD, together with the potency and long intracellular half
life of the additional two NRTIs included in the regimen (abacavir/lamivudine or tenofovir/
emtricitabine). However, one must be cautious as many of these patients were treated
in the setting of clinical trials, and other have only been on therapy for a limited amount
of time. Although it is possible that dolutegravir will continue to display this high barrier
to resistance, we may also begin to see some patients failing with mutations with more
widespread and long-term use. Time will tell.
Unfortunately, in case of baseline resistance to elvitegravir or raltegravirthe advantage of a
once daily dosing schedule with the STR is lost, since a dolutegravir dose of 50 mg BID preferably taken with food is recommended in this situation. In addition, abacavir/lamivudine
may not be the optimal partner drugs. This also applies to HBV co-infected patients, since
the antiretroviral activity of this STR is not robust enough against HBV (tenofovir required
instead of lamivudine).
Due to the combination of dolutegravir in this STR with an abacavir/lamivudine nucleoside
backbone there are a couple of aspects to keep in mind. HLA-B*5701 testing is required
prior to abacavir use and prevents the occurrence of a vast majority of hypersensitivity
reactions to this agent.81 Since approximately 6 % of the population is positive for the HLAB*5701 allele, there will be patients who are ineligible for treatment with the dolutegravir/
abacavir/lamivudine STR.81 Furthermore, the assumed increased cardiovascular risk associated with the use of abacavir remains a matter of debate.82-84 Therefore, the combination
of dolutegravir/abacavir/lamivudine might not be the optimal choice for patients with a
high cardiovascular risk.
Although there are few drug-drug interactions caused by dolutegravir, it is important to
take these into account when prescribing the dolutegravir/abacavir/lamivudine combination. Dose adjustments or treatment regimen optimization is needed for some drug-drug
interactions or in special patient situations. This is especially important when simultaneous
pharmacokinetic interactions occur and/or in case of patients requiring high dolutegravir
plasma concentrations. The dolutegravir/abacavir/lamivudine regimen has no interactions
with frequently prescribed drugs such as omeprazol, simvastatin or commonly used antidepressants. However, the interactions with metformin, some non-prescription antacids and
mineral containing supplements or multivitamins require good patient instructions.
To date, there is no published data on long-term (> 3 years) safety and efficacy with the
use of dolutegravir. This data will be of particular interest with regards to resistance profile
and side-effects. Post marketing data and ongoing studies will hopefully shed more light
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on pharmacokinetics and efficacy in special populations, underrepresented in phase III
clinical trials.
A more representative population might contain more women, patients with HCV coinfection, patients with higher baseline viral loads or more severely immunocompromised
patients. In addition, there would be more variation in race and ethnicity. The ongoing
ARIA study will further investigate the efficacy and safety of dolutegravir/abacavir/lamivudine compared to ritonavir boosted atazanavir and tenofovir/emtricitabine in treatmentnaive women. However, more data on the use of dolutegravir in children, adolescents, and
elderly is also desired.
Other new antiretroviral agents or regimen for the treatment of HIV are under development
and will be available in the future. Regimen containing tenofovir alafenamide fumerate or
reduced doses of efavirenz are currently under investigation and aim to reduce side-effects.
Together with the present efforts to reduce HIV-drug treatment expenses and the introduction of cheaper generic alternatives it will be interesting to see how the development, the
use in clinical practice and the prices of STR will evolve in the upcoming years.
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SUMMARY
Background
Unexpectedly high rates of neuropsychiatric adverse events (NPAEs) and drug discontinuation have been reported with the use of dolutegravir-based combination antiretroviral
treatment (cART) for HIV in observational studies compared to randomised controlled trials.

Methods
We included all HIV-1 positive adults, enrolled in the AIDS Therapy Evaluation in the
Netherlands (ATHENA) national observational HIV cohort, first initiating dolutegravir- or
elvitegravir-based cART between December‘13 and February’16. cART discontinuation
rates for 1) any reason, 2) adverse events (AE), and 3) NPAEs were determined, separately
for cART-naïve and –experienced patients. Associations between patient characteristics,
the specific integrase-inhibitor used, and time-to-cART discontinuation, were evaluated
through multivariable Cox proportional-hazards models.

Findings
3,416 patients were included of whom 1051(31%) were cART-naïve and 2,365(69%) were
cART–experienced. cART-experienced patients were more likely to discontinue both dolutegravir- and elvitegravir-based cART for any reason and for AE than cART-naïve patients
(log-rank; P<.0001). Factors associated with discontinuation for AE, independent of the
use of dolutegravir- or elvitegravir-based cART, for cART-naives were being of non-Western
origin and CD4 cell-count <200 or ≥500 cells/mm3, and for cART-experienced patients; age
≥60 years, ever or current use of psychotropic drugs, and a history of discontinuing prior
cART for AE. Discontinuation for NPAEs in cART-experienced patients was associated with
age ≥60 years.

Interpretation
In the Netherlands, patient characteristics contribute more to the risk for dolutegravir- or
elvitegravir-based cART discontinuation for AE than the particular integrase-inhibitor used.
Especially cART–experienced ageing populations seem susceptible for discontinuation for
AE and NPAE after start dolutegravir- or elvitegravir-based cART.
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IntRoDUCtIon
The integrase inhibitor (InSTI) dolutegravir became available for treatment of HIV-1 infection in 2014.1 Phase II and III studies showed that dolutegravir was highly effective in
reducing HIV-1 RNA viral load, with rates of drug discontinuation due to adverse events
being lower compared to other third agents such as efavirenz and darunavir.2-6 Moreover,
the convenient once daily dosing regimen, no food-intake requirements and few drugdrug interactions, made dolutegravir a highly anticipated and appealing third agent for
combination antiretroviral therapy (cART). Within months after its introduction, the drug
was first included in international treatment guidelines.7,8 One year later, dolutegravir was
preferred over efavirenz as one of the recommended third agents for initial treatment of
HIV-positive patients and hence, within a short time-frame, dolutegravir, became widely
used in Europe and the United States.9-11 Nowadays, low- and middle-income countries are
likewise transitioning to the use of dolutegravir-based cART as first-line treatment.12
In spite of the overall favourable safety profile shown in randomised controlled clinical trials
(RCTs), some, but not all, post-licensing cohort studies have reported higher discontinuation rates for dolutegravir compared to discontinuation rates in RCTs.13-16 For instance,
Dutch colleagues from two HIV-treatment centres reported a discontinuation rate of 13.7%
for their cohort, while other European cohort studies found discontinuation rates varying
between ~4-11% within the first year after start of dolutegravir-based cART.16-20 These
values are considerably higher than the discontinuation rates of 2-3% after 48 weeks of
treatment reported in RCTs including dolutegravir.2-6,21 Additionally, in some cohort studies
particular toxicities resulting in dolutegravir discontinuation were neuropsychiatric adverse
events (NPAEs), including depression, insomnia and headache,16,17,19,20,22 and these NPAEs
seemed more frequently reported for dolutegravir than for the other InSTIs.14,15
Explanations for these discrepancies between RCTs and observational studies on dolutegravir so far are inadequate. Besides, there have been studies suggesting a class-effect of
InSTIs, rather than an isolated dolutegravir effect.23,24 This is supported by results from,
for instance, the Swiss HIV Cohort Study, in which dolutegravir and raltegravir resulted in
comparable discontinuation rates for adverse events.14 Meanwhile, however, the absence
in international literature of reports on higher discontinuations with other InSTIs, raltegravir
and elvitegravir boosted with cobicistat, after their introduction, is remarkable.
In this study, we evaluated the incidence and reasons for cART discontinuation after commencing either dolutegravir- or elvitegravir-based cART among HIV-1 positive adults using
data from the AIDS Therapy Evaluation in the Netherlands (ATHENA) national observational
HIV cohort.25 Furthermore, we aim to identify patient specific risk factors for discontinuing
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dolutegravir and elvitegravir-based cART for any reason, for adverse events, and for NPAEs
in particular.

METHODS
Design
The ATHENA national observational HIV cohort25 monitors all HIV-positive patients from
the moment of entry into HIV care in the Netherlands, except for the approximately 2%
who opt out of having their data registered. Follow-up time in the ATHENA cohort equals
follow-up time in HIV care in one or more of the 26 designated HIV treatment centres.
We included all HIV-1 positive adults who first initiated either dolutegravir- or elvitegravirbased cART between December 2013 and February 2016, who had at least one visit after
initiating such regimen, and had at least three months follow-up at time of database
closure (Figure 1). Patients on raltegravir were not included for two reasons; (1) raltegravir
was introduced many years earlier and prescription practices may have been different than
for dolutegravir and elvitegravir, which were introduced later and more closely to each
other, (2) use of raltegravir for first-line treatment in the Netherlands has been limited in
view of the need for twice daily dosing of the original raltegravir formulation.26 As of May
2016, reports from smaller studies suggested high rates of discontinuations with the use
of dolutegravir and in order to minimize bias resulting from physicians being more inclined
to discontinue dolutegravir after publication of these reports, database closure was set
on May 1st 2016.27 Patients were considered cART-naïve if they had never received cART
before receiving dolutegravir or elivitegravir-based cART. We defined three outcomes: 1)
any discontinuation; 2) discontinuation for adverse events, and 3) discontinuation because
of NPAEs.

Definitions
Baseline was defined as the date of first starting a dolutegravir- or elvitegravir-based cART.
Time was censored at the time of last recorded clinical visit, loss-to-follow-up (no recorded
evidence of being in care for >1 year), transfer out or time of database closure; whichever
came first. Intermittent treatment interruptions of dolutegravir or elvitegravir, dolutegravir
dose changes, or changes in backbone composition were not considered as discontinuations. Reasons for discontinuations were hierarchically classified, in case there was more than
one reason, into virological failure (HIV-1 RNA ≥ 200 copies/mL), therapy or immunological
failure,28 treatment-limiting toxicity, simplification, drug-drug interactions, patient decision,
other and unknown. CD4 cell-count at baseline reflects the most recent available CD4 cellcount within 12 months before start, or within the first week after start of dolutegravir- or
elvitegravir-based cART. Data on current and previous use of non-HIV co-medications was
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Figure 1. Inclusion flowchart
cART, combination antiretroviral therapy.

restricted to medications pre-specified in standardized patient data collection protocols for
the ATHENA-cohort29 and included cardiovascular drugs, drugs to prevent cardiovascular
events, anti-diabetic drugs, and medications with a risk for drug-drug interactions. If a
patient used no co-medication at all this was recorded in the database. Any time use of
psychotropic drugs was defined as previous or current use of antidepressants (Anatomical
Therapeutic Chemical Classification System (ATC)-code; N06A), psychostimulants (N06B),
antipsychotics (N05A), anxiolytics (N05B), and/or hypnotics and sedatives (N05C), provided
that these were collected according to the protocol. To investigate the relation between
having a history of frequent switching for adverse events and discontinuation of elivitegravir
or dolutegravir, a ratio – referred to as ‘previous discontinuations for adverse events’ −
was calculated by dividing the total number of previous cART switches because of adverse
events by the total number of previous cART switches for any reason summed up for each
patient from the date at which cART was started for the first time. Adverse events associated with discontinuation of dolutegravir or elvitegravir-based cART were extracted from
the database and were classified into categories by organ system according to the Division
of AIDS (DAIDS) system for grading of adverse events.30 Psychiatric adverse events were
further analysed separately, and divided in the categories insomnia, depression and mood
disorders, suicidal ideation or attempt, and other psychiatric adverse events. Neurologic
adverse events were categorized into headache and other neurologic adverse events.
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Statistical analyses
Incidence rates for cART discontinuation were calculated by dividing the number of such
discontinuations by the total time at risk after starting dolutegravir- or elvitegravir-based
cART. We used Kaplan-Meier and Cox proportional hazards-models to determine the incidence and determinants of discontinuation of dolutegravir- and elvitegravir-based cART,
separately for cART-naïve and -experienced patients. By stepwise forward selection the following variables were included in the multivariable model if P was <.10 in the univariable
analysis; cART regimen, most likely route of HIV acquisition, region of origin, CD4 cell-count
at baseline, ever use of psychotropic drugs, time since HIV-diagnosis, and HCV co-infection
at baseline. Additionally, we assessed the following factors in the cART-experienced group;
viral suppression at baseline (HIV-1 RNA <200/≥200 copies/ml), nadir CD4 cell-count (<200
or ≥200 cells/mm3), previous use of efavirenz, and previous discontinuations due to adverse
events. The cART composition (elvitegravir/cobicistat/tenofovir disoproxyl fumarate (DF)/
emtricitabine, dolutegravir/abacavir/lamivudine, dolutegravir / tenofovir DF/emtricitabine
or other dolutegravir-based cART) was always included in the model to evaluate the risk
difference for discontinuation between dolutegravir- and elvitegravir-based cART; sex and
age were also included in the multivariable model, regardless of significance, owing to
biological plausibility and based on prior reports.16 Cox-proportional hazards modelling
enabled us to evaluate discontinuations for cART naïve- and experienced-patients in more
detail by zooming in, step-by-step, on discontinuations due to any reason, thereafter evaluating discontinuations due to adverse events and finally discontinuations due to NPAEs. Of
note, cART-naïve patients were excluded from multivariable analysis for risk of treatment
limiting NPAEs given the limited number of discontinuations for this reason in this group.
The proportional-hazard assumption was checked using log-log plots and testing the
Schoenfeld residuals. Potential statistical interaction, i.e. effect modification, was evaluated. Group comparisons were performed using unpaired t-tests, Wilcoxon rank–sum,
χ2 or Fisher’s exact tests and Kaplan-Meier estimates (log-rank test), as appropriate. All
statistical inferential frameworks were based on the two-sided p-value, and statistical
significance was based on the 5% error rate. Data were analysed using IBM SPSS version
22 and SAS version 9.4.
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ResULts
Out of 18,866 HIV-1 positive adults, 3,416 patients initiating either dolutegravir- or
elvitegravir-based cART were included (Figure 1); 1,051 (31%) were cART-naïve, and 2,365
(69%) were cART-experienced (Table 1). Median (IQR) follow-up was 8.4 (5.6-11.9) and
9.0 (6.0-12.4) months for cART-naïve and -experienced patients on dolutegravir, respectively, and 16.0 (11.5-20.1) and 11.7 (7.4-15.2) months for cART-naïve and –experienced
patients on elvitegravir, respectively. During follow-up, a total of 14 (0.6%) patients in
the dolutegravir group and 12 (0.1%) in the elvitegravir group died (all-cause mortality),
and 133 patients (62 on dolutegravir; 71 on elvitegravir) were loss to follow-up. In our
cohort 12.7% (434/3416) of patients discontinued their dolutegravir- or elvitegravir-based
cART, because of a variety of reasons, but toxicity was mentioned most frequently (Table
2). Overall, in 254/3416 (7.4%) of patients toxicity was reported as a reason to change
cART. Switching cART because of virological, therapy or immunological failure was rare,
but highest for cART-naïve patients starting elvitegravir-based cART (Table 2). In general,
cART-experienced patients, starting either dolutegravir or elvitegravir, were more likely to
discontinue their cART for any reason and for adverse events than cART-naïve patients
(log-rank; P<.001) (Figure 2).

cARt-experienced patients
cART-experienced patients starting dolutegravir were older, had a longer history of prior
treatment, used more co-medications and more often had HCV co-infection. Also, they
had more frequently discontinued prior regimens for adverse events and were more likely
to have ever used psychotropic medication compared to cART-experienced patients that
received elvitegravir-based cART (Table 1). cART discontinuation associated with adverse
events twelve months after treatment initiation was observed in 8.6% and 7.9% of
cART–experienced patients initiating elvitegravir and dolutegravir, respectively. Uni- and
multivariable analysis showed no difference in terms of risk for cART discontinuation for
adverse events between dolutegravir/abacavir/lamivudine (unadjusted Hazard Rate (uHR)
0.94, 95% CI 0.67-1.32; adjusted HR (aHR) 0.77, 95% CI 0.53-1.12) or dolutegravir/tenofovir DF/emtricitabine (uHR 0.89, 95% CI 0.59-1.33; aHR 0.77, 95% CI 0.50-1.19; P=.239)
versus elvitegravir/cobicistat/tenofovir DF/emtricitabine (Table 3 and Figure 3). Risk factors
for discontinuation due to adverse events were age ≥60 years old (aHR 1.88, 95% CI
1.21-2.92), prior or current use of psychotropic medications (aHR 1.44 95% CI 1.04-2.00),
and having a high ratio of previous cART discontinuations for adverse events (aHR 1.71,
95% CI 1.23-2.39) (Figure 3). In addition, HIV-1 RNA < 200 copies/mL at baseline reduced
the risk for treatment discontinuation for adverse events (aHR 0.31, 95% CI 0.12-0.78). A
trend towards a higher risk of discontinuation for adverse events was observed for female
patients (aHR 1.46, 95% CI 0.98-2.17).
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Table 1. Patient characteristics at start of treatment with dolutegravir- or elvitegravir-based cART.
cART-naïve

cART-experienced

Characteristic

dolutegravir elvitegravir P
dolutegravi
(n=420)
(n=631)
value (n=1796)

elvitegravir
(n=569)

P
value

Age, years, mean (SD)

40.7 (12.4)

38.4 (10.9)

.009

47.1 (11.3)

44.9 (10.5)

<.001

Sex, male

384 (91.4)

592 (93.8)

.140

1466 (81.6)

459 (80.7)

.609

Region of origin

.313

.567

The Netherlands

261 (62.1)

429 (68.0)

1133 (63.1)

356 (62.6)

Europe

49 (11.7)

64 (10.1)

172 (9.6)

44 (7.7)

Africa and middle East

35 (8.3)

45 (7.1)

228 (12.7)

82 (14.4)

South America and
Caribbean

54 (12.9)

70 (11.1)

168 (9.4)

57 (10.0)

Other

21 (5.0)

21 (3.3)

87 (4.8)

30 (5.3)

Unknown

-

2 (0.3)

8 (0.4)

-

1126 (62.7)

374 (65.7)

Transmission route
MSM

.005
306 (72.9)

516 (81.8)

.001

.016

Heterosexual

92 (21.9)

90 (14.3)

498 (27.7)

166 (29.2)

Intravenous drug use

1 (0.2)

1 (0.2)

41 (2.3)

4 (0.7)

Other or unknown

.190

21 (5.0)

24 (3.8)

131 (7.3)

25 (4.4)

HIV RNA level < 50 copies/ml,
n=2218

n/a

n/a

1436 (85.0)

432 (81.9)

.083

CD4-cell count, cells/mm3,
n=3255

460
(280-630)

460
(347-620)

.216

620
(449-780)

630
(450-800)

.365

CD4-cell count <200 cells/
mm3, n=3255

74 (17.7)

60 (9.6)

<.001 79 (4.7)

29 (5.4)

.487

Hepatitis co-infection
Hepatitis B

6 (1.4)

19 (3.0)

.099

81 (4.5)

42 (7.4)

.007

Hepatitis C

11 (2.6)

8 (1.3)

.107

124 (6.9)

19 (3.3)

.002

Classic cART with ABC/3TC

283 (67.4)

-

1033 (57.5)

-

Classic cART with TDF/FTC

102 (24.3)

Regimen
630 (99.8)

498 (27.7)

557 (97.9)

Classic cART with other NRTI combinations

-

16 (0.9)

-

Non-classic cART

1 (0.2)

249 (13.9)

12 (2.1)

Pill burden

35 (8.3)

<.001

a

<.001

0 or unknown

206 (49.0)

383 (60.7)

629 (35.0)

242 (42.5)

> 1-5

189 (45.0)

238 (37.7)

1063 (59.2)

311 (54.7)

>5

25 (6.0)

10 (1.6)

104 (5.8)

16 (2.8)

28 (6.7)

27 (4.3)

.089

119 (6.6)

27 (4.7)

58 (13.8)

92 (14.6)

.726

n/a

n/a

Use of psychotropic drugsb
Current
Ever
Time on (c)ART before start,
months
Previous ARTc
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.104

515 (28.7)

127 (22.3)

.003

80 (38-149)

63 (25-120)

<.001
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table 1. Patient characteristics at start of treatment with dolutegravir- or elvitegravir-based cART. (continued)
cARt-naïve
Characteristic

cARt-experienced

dolutegravir elvitegravir P
dolutegravir elvitegravir
(n=420)
(n=631)
value (n=1796)
(n=569)

Third agent - NNRTI

n/a

n/a

738 (41.1)

254 (44.6)

Third agent - PI

n/a

n/a

585 (35.6)

181 (31.8)

Third agent - raltegravir

n/a

n/a

149 (8.3)

41 (7.2)

Non-classic cART

n/a

n/a

218 (12.1)

28 (4.9)

No (c)ART

n/a

n/a

106 (5.9)

65 (11.4)

P
value

3

Ever use of efavirenz

n/a

n/a

931 (51.8)

329 (57.8)

.013

No. of previous DCs due to
adverse events

n/a

n/a

2 (1-3)

1 (1-2)

<.001

Values are expressed as n(%) or median (IQR) unless otherwise specified. cART, combination antiretroviral
therapy; MSM, men who have sex with men; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; DCs, discontinuations; n/a, non applicable. aNumber of currently used non-HIV co-medications,
restricted to drugs as specified in data-collection guidelines for the ATHENA cohort. bNote; only selected comedications are registered in the ATHENA database owing to restricted data collection for co-medications.c Last
regimen prior to start of dolutegravir- or elvitegravir based cART.

Figure 2. Discontinuations for any reason and associated with adverse events, and for cART-naïve and
-experienced patients separately.
AE, adverse events; DC, discontinuations; cART, combination antiretroviral therapy.

Discontinuation associated with NPAEs within twelve months after treatment initiation was
observed in 3.7% (87/2365) of cART-experienced patients; 3.8% (69/1796) of patients
on dolutegravir and 3.2% (18/569) of patients on elvitegravir. Multivariable analysis in
cART-experienced patients revealed no differences in discontinuation due to NPAEs after
start of dolutegravir- versus elvitegravir- based cART (Figure 3). Age ≥60 years old (aHR
2.20, 95% CI 1.31-3.71) and HIV-1 RNA <200 copies/mL at baseline (aHR 0.23, 95% CI
0.06-2.04) were the only factors that were associated discontinuation for NPAEs. In the
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univariable analysis, use of psychotropic drugs and ever use of efavirenz were not significantly associated with discontinuation due to NPAEs and were therefore not included in
the multivariable model. In addition, although also not statistically significant, we observed
a trend towards a higher discontinuation rate due to NPAEs in patients with a higher
ratio of previous discontinuations due to adverse events relative to all their previous cART
discontinuations (uHR 1.56, 95% CI 0.98-2.47).

cART-naïve patients
Among previously cART-naïve patients, those who started dolutegravir-based cART were
older, received more co-medications, and more often had advanced HIV-infection, than
those starting elvitegravir-based cART. cART-naïve patients starting elvitegravir-based
cART were more often MSM (Table 1). cART discontinuation associated with to adverse
events twelve months after treatment initiation was observed in 5.4% and in 4.5% of
cART-naïve patients initiating elvitegravir and dolutegravir, respectively. Again, uni- and
multivariable analysis showed no difference in cART discontinuation for adverse events between dolutegravir/abacavir/lamivudine or dolutegravir/tenofovir DF/emtricitabine versus
elvitegravir/cobicistat/tenofovir DF/emtricitabine (Table 3 and Figure 3). Factors that were
independently associated with discontinuation associated with adverse events were being
of non-Western origin (aHR 1.87, 95% CI 1.09-3.22), and having a high (>500 cells/mm3)
(aHR 2.85, 95% CI 1.53-5.31) or low (<200 cells/mm3) (aHR 2.61, 95% CI 1.13-6.04) CD4
cell-count at start of dolutegravir- or elvitegravir-based cART. A trend towards a higher risk
of discontinuation for adverse events was observed for patients who concomitantly use
psychotropic medications, or used these medications in the past (aHR 1.81, 95% CI 0.983.33) (Figure 3). Discontinuations associated with NPAEs within 12 months after treatment
initiation were observed in 2.1% (22/1051) of cART-naïve patients.
Table 2. Reasons for discontinuation of dolutegravir- or elvitegravir-based cART.
cART-naïve

cART-experienced

Reason for discontinuation

Total

dolutegravir elvitegravir dolutegravir Elvitegravir

Virological, therapy or
immunological failure

15 (0.4)

0 (0)

9 (1.4)

2 (0.1)

4 (0.7)

Toxicity

254 (7.3) 19 (4.5)

40 (6.3)

142 (7.9)

53 (9.3)

Simplification

13 (0.4)

3 (0.7)

7 (1.1)

3 (0.2)

0 (0)

Interaction co-medication

18 (0.5)

0 (0)

4 (0.6)

5 (0.3)

9 (1.6)
10 (1.8)

Patient decision

36 (1.1)

1 (0.2)

5 (0.8)

20 (1.1)

Other

86 (2.5)

8 (1.9)

13 (2.1)

39 (2.2)

26 (4.6)

Unknown

12 (0.4)

0 (0)

3 (0.5)

6 (0.3)

3 (0.5)

Total

434/3416 31/420
(12.7)
(7.4)

81/631
(12.8)

217/1796
(12.1)

105/569
(18.5)

Values are expressed as number of discontinuations (%) per subgroup. cART, combination antiretroviral therapy.
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Adverse events
In cART-naïve and -experienced patients combined, 363 treatment limiting adverse events
were recorded for a total of 254 patients. Adverse events were mainly of psychiatric nature
(27.4%), followed by gastrointestinal (19.6%) and neurologic (11.6%) (Table 4). Insomnia
was especially reported by patients that discontinued dolutegravir-based cART; 15-18%
versus 7-9% for elvitegravir-based cART. Headache was reported more by cART-experienced
patients (8.0% and 8.7% for dolutegravir and elvitegravir, respectively), than by cART-naïve
patients (0% and 1.8% for dolutegravir and elvitegravir, respectively) (Table 4).

DIsCUssIon
Based on the data from the nationwide HIV cohort study in the Netherlands, we provide
evidence that both the InSTIs dolutegravir and elvitegravir are well tolerated when used
in HIV-positive adults. Interestingly, cART-experienced patients were more prone to discontinue integrase-based cART than cART-naïve patients and treatment limiting adverse
events within the first year after start of dolutegravir- or elvitegravir-based cART occurred
in ~5% and ~8-9% of cART-naïve and –experienced patients, respectively. In general,
discontinuations because of NPAEs in our cohort were low (<4%) and we observed no
difference in risk for discontinuation for (NP)AE between patients on dolutegravir- versus
elvitegravir-based cART.
Rates of discontinuation because of adverse events exceeded those reported in large phase
III/IV clinical trials after 48 weeks of treatment for both these InSTIs.2,3,31-37 Our results seem
comparable to the results from some other observational cohort studies, in which ~3.6-8%
of patients discontinued dolutegravir for adverse events within one year after start.14,16,38
However, these particular studies did not distinguish between cART-naïve and –experienced patients when calculating discontinuation rates. In the Swiss HIV Cohort Study no
association was found between being cART-naïve and discontinuation for adverse events
for either dolutegravir or raltegravir. In general, especially smaller cohort studies showed
higher rates of discontinuations due to adverse events for dolutegravir compared to our
results.19,27 Although, our national dataset included the patients presented previously by
v/d Berk et al., there were some differences in demographics. For instance, in our dataset
~60% of included patients were of Dutch origin versus ~40% in the study by v/d Berk et al.
Because being of non-Western origin was the only risk factor significantly associated with
discontinuation of dolutegravir- or elvitegravir-based cART for adverse events in cART-naïve
patients, this may have contributed to the difference in reported unadjusted discontinuation rates between both studies.
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62

11

6

2

DTG/TDF/FTC

Other

n/a

≥ 200 copies/mL

14

59

Ever

Total

1063

147

916

n/a

n/a

449

55

95

49

n/a

n/a

78

29

86

78

47

65

72

50

44

60

55

90

80

54

52

-

1.91 (1.05-3.49)

1

-

-

2.70 (1.45-5.03)

1

2.90 (1.28-6.55)

1.63 (0.96-2.76)

1

1.24 (0.37-4.14)

1.47 (0.82-2.65)

1

0.85 (0.41-1.74)

1.05 (0.38-2.90)

1

1.31 (0.32-5.47)

1.24 (0.52-2.95)

0.83 (0.42-1.65)

1

195

61

134

6

174

139

36

6

46

149

37

87

63

8

40

155

14

41

87

53

No. of DCs

1800

500

1229

185

1502

1159

445

80

537

1263

216

822

634

128

324

1476

221

372

704

489

Person time,
person-years

108

122

103

32

115

120

81

75

86

118

172

106

99

62

124

105

63

110

124

108

-

1.22 (0.90-1.65)

1

1

0.30 (0.13-0.67)

1.46 (1.01-2.10)

1

0.90 (0.38-2.13)

0.71 (0.51-0.99)

1

1.70 (1.13-2.56)

1.06 (0.77-1.47)

1

0.62 (0.30-1.30)

1.16 (0.82-1.64)

1

0.52 (0.29-0.94)

0.89 (0.59-1.33)

0.94 (0.67-1.32)

1

Unadjusted
Rate per 1000 hazard ratio
person-years (95% CI)

cART- experienced

cART, combination antiretroviral therapy; CI, confidence interval; DCs, discontinuations; DTG/ABC/3TC, dolutegravir/abacavir/lamivudine; DTG/TDF/FTC, dolutegravir/tenofovir
disoproxil fumarate/emtricitabine EVG/TDF/FTC, elvitegravir/tenofovir disoproxil fumarate/emtricitabine.

45

Never

Use of psychotropic drugs

n/a

Viral load
< 200 copies/mL

35

≥500

491

116

14

CD4-cell count, cells/mm3
<200
10

200-499

282

22

Non-Western

782

37

Western

Region of origin

3

≥60

46

306

22

253

458

11

Age, years
18-<30

67

996

23

4

Female

22

75

202

763

30-<45
45-<60

55

Male

Sex

40

DTG/ABC/3TC

No. of DCs

EVG/TDF/FTC

cART regimen

Risk factor

Unadjusted
Person time, Rate per 1000 hazard ratio
person-years person-years (95% CI)

cART-naïve

Table 3. Incidence rates of cART discontinuation associated with any adverse event.
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74 (18-133)

66 (22-104)

Other

Neurologic

85 (28-164)

103 (48-199)

86 (55-146)

59 (15-111)

114 (52-232)

Dermatologic

Musculoskeletal

Liver dysfunction

Sensory

Other
363

29 (7.0%)

6 (1.7%)

10 (2.8%)

20 (5.6%)

20 (5.6%)

23 (6.4%)

19 (5.3%)

23 (6.4%)

42 (11.7%)

32 (8.9%)

12 (3.4%)

44 (12.3%)

71 (19.8%)

33

2 (6.1%)

2 (6.1%)

0 (0.0%)

1 (3.0%)

1 (3.0%)

0 (0.0%)

2 (6.1%)

0 (0.0%)

2 (6.1%)

4 (12.1%)

1 (3.0%)

5 (15.2%)

6 (18.2%)

4 (12.1%)

1 (3.0%)

3 (9.1%)

6 (18.2%)

14 (42.4%)

dolutegravir

cARt-naïve

56

5 (8.9%)

0 (0.0%)

4 (7.1%)

2 (3.6%)

2 (3.6%)

8 (14.3%)

1 (1.8%)

1 (1.8%)

2 (3.6%)

5 (8.9%)

3 (5.4%)

8 (14.3%)

12 (21.4%)

5 (8.9%)

0 (0.0%)

3 (5.4%)

5 (8.9%)

13 (23.2%)

elvitegravir

203

16 (8.0%)

4 (2.0%)

4 (2.0%)

12 (6.0%)

11 (5.5%)

5 (2.5%)

14 (7.0%)

16 (8.0%)

30 (15.0%)

17 (8.5%)

4 (2.0%)

21 (10.5%)

40 (20.0%)

15 (7.5%)

3 (1.5%)

13 (6.5%)

29 (14.5%)

60 (30.0%)

dolutegravir

cARt-experienced

AE, adverse event; cART, combination antiretroviral therapy; DC, discontinuation; IQR, Inter Quartile Range. *More than one AE per patient possible.

total

129 (47-308)

Renal dysfunction

57 (29-114)

58 (26-111)

Rash

47 (20-79)

70 (21-110)

Systemic

Other

100 (21-160)

Gastrointestinal

Headache

81 (36-150)

Other

30 (8.4%)

4 (1.1%)

45 (12.6%)
19 (5.3%)

Insomnia

98 (27.4%)

total

66 (22-128)

90 (31-174)

Psychiatric

Suicidal ideation or attempt

102 (38-184)

Adverse event category

Depression and mood disorders 114 (40-214)

time to DC,
median (IQR), days

Adverse events, times reported* (%)

table 4. Reported adverse events associated with discontinuation of dolutegravir- or elvitegravir-based cART.
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6 (8.5%)

0 (0.0%)

2 (2.9%)

5 (7.2%)

6 (8.7%)

10 (14.5%)

2 (2.9%)

6 (8.7%)

8 (11.6%)

6 (8.7%)

4 (5.8%)

10 (14.5%)

13 (18.8%)

6 (8.7%)

0 (0.0%)

0 (0.0%)

5 (7.2%)

11 (15.9%)

elvitegravir
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This current study is distinct given that the ATHENA cohort database contains extensive
data on patient characteristics and (non-)HIV-treatment history from 98% of all HIVpositive adults in care in The Netherlands since the ’90s.25 Stratified analysis for cART-naïve
and –experienced patients enabled us to look into these patient specific risk factors for
discontinuation of dolutegravir- or elvitegravir based cART in more detail. Although no
significant difference in discontinuation profile was observed between patients starting
dolutegravir- or elvitegravir-based cART, risk factors for discontinuation between cARTexperienced and -naïve patients were different.
In cART-experienced patients, age above 60 years old was associated with a twofold higher
risk for all types of discontinuations (because of any reason, adverse events and NPAEs).
Older age was also identified as a risk factor in German, Spanish and French HIV cohort
studies,15,16,22 but not in the Swiss HIV-cohort.14 A history of psychotropic medication use
and prior discontinuation of cART due to adverse events in our analysis were both found to
be associated with discontinuation because of adverse events in cART-experienced patients,
independent of which InSTI was used. These important risk factors have not been analyzed
by other cohorts that evaluated patients who discontinued InSTIs. As more patients with
these risk factors were selected for use of dolutegravir, it may partly explain the seemingly
higher rates of discontinuation because of adverse events with dolutegravir observed in
outpatient care. In contrast to some other studies, we did not see higher discontinuations
rates if cART included abacavir,16,17,19 but we did see a trend towards higher discontinuation for adverse events in cART-experienced women.14
Specifically in cART-naïve patients, both a high and a low CD4 cell-count at baseline
resulted in an almost threefold increase in risk of discontinuation because of adverse
events. The reason for this rather contradictory result is not completely clear. A possible
explanation is that an advanced state of immunodeficiency (low CD4-cell count) at start of
cART increases the risk for immune reconstitution inflammatory syndrome (IRIS) leading to
early discontinuation of cART.39 As for the high CD4-cell count, it might be possible that
patients, who feel well and for whom multiple treatment options are available, are more
inclined to switch cART because of less serious side-effects.
Considering the results of our study and the risk profiles that we identified, there are
several possible explanations for the higher discontinuations rates in observational data
compared to RCTs. First of all, in general, registration studies include highly selected HIVinfected patients of younger age (approx. 35 years old). In real-life, the average age of
HIV-infected patients has increased over the years and was ~40-45 years in this cohort.
Our data show that increasing age is a significant risk factor for treatment-limiting adverse
events in cART-experienced patients, and hence it is logical to find higher discontinuation
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Figure 3. Risk factors for discontinuation of dolutegravir- or elvitegravir-based cART associated with adverse
events in cART-naïve (A) and –experienced patients (B), and risk factors for discontinuation associated with
neuropsychiatric adverse events in cART-experienced patients (C).
aHR, adjusted hazard rate; cART, combination antiretroviral therapy; CI, confidence interval; DCs, discontinuations; DTG/ABC/3TC, dolutegravir/abacavir/lamivudine; DTG/TDF/FTC, dolutegravir/tenofovir disoproxil fumarate/emtricitabine; EVG/TDF/FTC, elvitegravir/tenofovir disoproxil fumarate/emtricitabine.
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rates in clinical practice than in clinical trials. Second, the fact that many patients started
dolutegravir in a relatively short period of time has led to early identification of specific
toxicities. Dolutegravir was started in a large subset of patients with risk factors for toxicity,
besides age, these were the use of more psychotropic co-medications and prior cART
discontinuations for adverse events, that could have attributed to some substantial channeling bias. Another explanation for this discrepancy could be the specific NPAEs profile
(e.g. insomnia and mood disorders) seen with the use of dolutegravir. It is known that
insomnia can lead to development of other psychological distress, ultimately leading to
mood disorders or depression,40 and thus one could speculate that psychiatric symptoms
may develop more easily with the use dolutegravir as a result of insomnia. Notably, insomnia was the only NPAE that was reported more frequent by subjects on dolutegravir-based
cART than by those on efavirenz-based cART in the SINGLE study,2 and a significantly
higher risk of insomnia was confirmed in a recent meta-analysis by Hill et al.41 In our
opinion, this observation was neglected at the time of introduction of dolutegravir, when
its favourable safety profile was stressed as an important benefit.
A limitation of our study is that, although we aimed to explore the reasons for discontinuation of solely dolutegravir or elvitegravir, we cannot rule out that we included discontinuations that were driven by backbone components. This is especially a risk for elvitegravirbased cART as this InSTI is only available as a single tablet regimen. Furthermore, we were
only able to report on adverse events that led to the discontinuation of cART and not on
adverse events that were not treatment limiting.
Unfortunately, information on the use of psychotropic drugs in the database was not
complete, due to restricted collection guidelines for co-medications. The effect of prior
or current psychotropic drug use on discontinuations for (NP)AEs could therefore have
been underestimated and may be even stronger in reality. Despite its limitations, this study
provides more detailed information on a large real-life cohort of patients on dolutegravirand elvitegravir-based cART in a Western setting than most other studies have reported so
far. Future studies should focus on (NP)AEs in specific patient populations that are underrepresented in phase III clinical trials, e.g. the elderly and patients of non-Western origin.
In conclusion, this study demonstrated that patient characteristics, i.e. including sociodemographic and clinical characteristics, are the main predictor for discontinuation of
dolutegravir and elvitegravir-based cART because of adverse events in cART-naïve and
-experienced patients. These patient characteristics contribute more to the risk for cART
discontinuation than the use of dolutegravir or elvitegravir itself. Both InSTIs can be considered as ARVs that cause limited discontinuations due to adverse events, however caution is
warranted for populations susceptible for cART discontinuation, especially ageing popula66
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tions. Our findings suggest that patient characteristics should be considered more when
selecting an optimal regimen, and also reinforce the need for independently conducted
phase IV pharmacovigilance studies to help position new antiretrovirals in our treatment
armamentarium.
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CLINICAL CENTRES
* denotes site coordinating physician
Amsterdam University Medical Centers (location AMC): HIV treating physicians: M.
van der Valk*, S.E. Geerlings, M.H. Godfried, A. Goorhuis, J.W. Hovius, T.W. Kuijpers, F.J.B.
Nellen, DT. van der Poll, J.M. Prins, P. Reiss, H.J. M. van Vugt, W.J. Wiersinga, F.W.M.N.
Wit. HIV nurse consultants: M. van Duinen, J. van Eden, A.M.H. van Hes, F.J.J. Pijnappel,
A.M. Weijsenfeld. HIV clinical virologists/chemists: S. Jurriaans, N.K.T. Back, H.L. Zaaijer,
B. Berkhout, M.T.E. Cornelissen, C.J. Schinkel, K.C. Wolthers. Admiraal De Ruyter
Ziekenhuis, Goes: HIV treating physicians: M. van den Berge, A. Stegeman. HIV nurse
consultants: S. Baas, L. Hage de Looff. HIV clinical virologists/chemists: B Wintermans, J
Veenemans. Catharina Ziekenhuis, Eindhoven: HIV treating physicians: M.J.H. Pronk*,
H.S.M. Ammerlaan. HIV nurse consultants: E.S. de Munnik. HIV clinical virologists/chemists:
A.R. Jansz, J. Tjhie, M.C.A. Wegdam, B. Deiman, V. Scharnhorst. DC AMC Hiv Behandelcentrum: HIV treating physicians: A. van Eeden*, M. van der Valk. HIV nurse consultants:
W. Brokking, M. Groot, L.J.M. Elsenburg. HIV clinical virologists/chemists: M. Damen, I.S.
Kwa. Elisabeth-TweeSteden Ziekenhuis, Tilburg: HIV treating physicians: M.E.E. van
Kasteren*, A.E. Brouwer. HIV nurse consultants: R. van Erve, B.A.F.M. de Kruijf-van de
Wiel, S.Keelan-Pfaf, B. van der Ven. Data collection: B.A.F.M. de Kruijf-van de Wiel, B. van
der Ven. HIV clinical virologists/chemists: A.G.M. Buiting, P.J. Kabel, D.Versteeg. Erasmus
MC, Rotterdam: HIV treating physicians: M.E. van der Ende*, H.I. Bax, E.C.M. van Gorp,
J.L. Nouwen, B.J.A. Rijnders, C.A.M. Schurink, A. Verbon, T.E.M.S. de Vries-Sluijs, N.C. de
Jong-Peltenburg. HIV nurse consultants: N. Bassant, J.E.A. van Beek, M. Vriesde, L.M. van
Zonneveld. Data collection: H.J. van den Berg-Cameron, J. de Groot, M. de Zeeuw-de Man.
HIV clinical virologists/chemists: C.A.B. Boucher, M.P.G Koopmans, J.J.A van Kampen, S.D.
Pas. Flevoziekenhuis, Almere: HIV treating physicians: J. Branger*, A. Rijkeboer-Mes.
HIV nurse consultant: C.J.H.M. Duijf-van de Ven. HagaZiekenhuis, Den Haag: HIV treating physicians: E.F. Schippers*, C. van Nieuwkoop. HIV nurse consultants: J.M. van IJperen,
J. Geilings. Data collection: G. van der Hut. HIV clinical virologist/chemist: N.D. van Burgel.
HMC (Haaglanden Medisch Centrum), Den Haag: HIV treating physicians: E.M.S.
Leyten*, L.B.S. Gelinck. HIV nurse consultants: A.Y. van Hartingsveld, C. Meerkerk, G.S.
Wildenbeest. HIV clinical virologists/chemists: E. Heikens. Isala, Zwolle: HIV treating physicians: P.H.P. Groeneveld*, J.W. Bouwhuis, A.J.J. Lammers. HIV nurse consultants: S. Kraan,
A.G.W. van Hulzen, M.S.M. Kruiper. Data collection: G.L. van der Bliek, P.C.J. Bor. HIV
clinical virologists/chemists: P. Bloembergen, M.J.H.M. Wolfhagen, G.J.H.M. Ruijs. Leids
Universitair Medisch Centrum, Leiden: HIV treating physicians: F.P. Kroon*, M.G.J.
de Boer, H. Scheper, H. Jolink, A.M. Vollaard. HIV nurse consultants: W. Dorama, N. van
Holten. HIV clinical virologists/chemists: E.C.J. Claas, E. Wessels. Maasstad Ziekenhuis,
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Rotterdam: HIV treating physicians: J.G. den Hollander*, K. Pogany, A. Roukens. HIV
nurse consultants: M. Kastelijns, J.V. Smit, E. Smit, D. Struik-Kalkman, C. Tearno. Data collection: T. van Niekerk. HIV clinical virologists/chemists: O. Pontesilli. Maastricht UMC+,
Maastricht: HIV treating physicians: S.H. Lowe*, A.M.L. Oude Lashof, D. Posthouwer. HIV
nurse consultants: R.P. Ackens, K. Burgers, J. Schippers. Data collection: B. WeijenbergMaes. HIV clinical virologists/chemists: I.H.M. van Loo, T.R.A. Havenith. MC slotervaart,
Amsterdam: HIV treating physicians: J.W. Mulder*, S.M.E. Vrouenraets, F.N. Lauw. HIV
nurse consultants: M.C. van Broekhuizen, D.J. Vlasblom. HIV clinical virologists/chemists:
P.H.M. Smits. MC Zuiderzee, Lelystad: HIV treating physicians: S. Weijer*, R. El Moussaoui. HIV nurse consultant: A.S. Bosma. Medisch Centrum Leeuwarden, Leeuwarden:
HIV treating physicians: M.G.A.van Vonderen*, D.P.F. van Houte, L.M. Kampschreur. HIV
nurse consultants: K. Dijkstra, S. Faber. HIV clinical virologists/chemists: J Weel. Medisch
spectrum twente, enschede: HIV treating physicians: G.J. Kootstra*, C.E. Delsing.
HIV nurse consultants: M. van der Burg-van de Plas, H. Heins. Data collection: E. Lucas.
noordwest Ziekenhuisgroep, Alkmaar: HIV treating physicians: W. Kortmann*, G. van
Twillert*, R. Renckens. HIV nurse consultant and data collection: D. Ruiter-Pronk, F.A. van
Truijen-Oud. HIV clinical virologists/chemists: J.W.T. Cohen Stuart, E.P. IJzerman, R. Jansen,
W. Rozemeijer W. A. van der Reijden. oLVg, Amsterdam: HIV treating physicians: K.
Brinkman*, G.E.L. van den Berk, W.L. Blok, P.H.J. Frissen, K.D. Lettinga W.E.M. Schouten,
J. Veenstra. HIV nurse consultants: C.J. Brouwer, G.F. Geerders, K. Hoeksema, M.J. Kleene,
I.B. van der Meché, M. Spelbrink, A.J.M. Toonen, S. Wijnands. HIV clinical virologists: D.
Kwa. Data collection: R. Regez (coordinator). Radboudumc, nijmegen: HIV treating
physicians: R. van Crevel*, M. Keuter, A.J.A.M. van der Ven, H.J.M. ter Hofstede, A.S.M.
Dofferhoff, J. Hoogerwerf. HIV nurse consultants: K.J.T. Grintjes-Huisman, M. de Haan,
M. Marneef, A. Hairwassers. HIV clinical virologists/chemists: J. Rahamat-Langendoen, F.F.
Stelma. HIV clinical pharmacology consultant: D. Burger. Rijnstate, Arnhem: HIV treating
physicians: E.H. Gisolf*, R.J. Hassing, M. Claassen. HIV nurse consultants: G. ter Beest,
P.H.M. van Bentum, N. Langebeek. HIV clinical virologists/chemists: R. Tiemessen, C.M.A.
Swanink. spaarne gasthuis, Haarlem: HIV treating physicians: S.F.L. van Lelyveld*, R.
Soetekouw. HIV nurse consultants: L.M.M. van der Prijt, J. van der Swaluw. Data collection: N. Bermon. HIV clinical virologists/chemists: W.A. van der Reijden, R. Jansen, B.L.
Herpers, D.Veenendaal. Medisch Centrum Jan van goyen, Amsterdam: HIV treating
physicians: D.W.M. Verhagen. HIV nurse consultants: M. van Wijk. Universitair Medisch
Centrum groningen, groningen: HIV treating physicians: W.F.W. Bierman*, M. Bakker,
J. Kleinnijenhuis, E. Kloeze, Y. Stienstra, K.R. Wilting, M. Wouthuyzen-Bakker. HIV nurse
consultants: A. Boonstra, P.A. van der Meulen, D.A. de Weerd. HIV clinical virologists/
chemists: H.G.M. Niesters, C.C. van Leer-Buter, M. Knoester. Universitair Medisch
Centrum Utrecht, Utrecht: HIV treating physicians: A.I.M. Hoepelman*, J.E. Arends,
R.E. Barth, A.H.W. Bruns, P.M. Ellerbroek, T. Mudrikova, J.J. Oosterheert, E.M. Schadd,
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M.W.M. Wassenberg, M.A.D. van Zoelen. HIV nurse consultants: K. Aarsman, D.H.M. van
Elst-Laurijssen, I. de Kroon, C.S.A.M. van Rooijen. Data collection: M. van Berkel, C.S.A.M.
van Rooijen. HIV clinical virologists/chemists: R. Schuurman, F. Verduyn-Lunel, A.M.J.
Wensing. Amsterdam University Medical Centers (location VUmc), Amsterdam: HIV
treating physicians: E.J.G. Peters*, M.A. van Agtmael, M. Bomers. HIV nurse consultants:
M. Heitmuller, L.M. Laan. HIV clinical virologists/chemists: C.W. Ang, R. van Houdt, A.M.
Pettersson, C.M.J.E. Vandenbroucke-Grauls.
COORDINATING CENTRE
Director: P. Reiss. Deputy director: S. Zaheri. Data analysis: D.O. Bezemer, A.I. van Sighem,
C. Smit, F.W.M.N. Wit, T.S. Boender. Data management and quality control: M. Hillebregt,
A. de Jong, T. Woudstra. Data monitoring: D. Bergsma, S. Grivell, A. Jansen, R. Meijering,
M. Raethke, T. Rutkens. Data collection: L. de Groot, M. van den Akker, Y. Bakker, M.
Bezemer, E. Claessen, A. El Berkaoui, J. Geerlinks, J. Koops, E. Kruijne, C. Lodewijk, R.
van der Meer, L. Munjishvili, F. Paling, B. Peeck, C. Ree, R. Regtop, Y. Ruijs, M. Schoorl,
A. Timmerman, E. Tuijn, L. Veenenberg, S. van der Vliet, A. Wisse, E.C. Witte. Patient
registration: B. Tuk.
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Abstract
Dolutegravir, elvitegravir, raltegravir, nevirapine and etravirine are antiretroviral drugs used
as part of combined antiretroviral treatment for HIV-infection. For quantification of these
drugs in human K2EDTA plasma samples an ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) bioanalytical method was developed and
validated. Stable isotope labeled internal standards were used for each analyte. Simple protein precipitation with methanol was implemented to prepare plasma samples of at least
50 µL. The method was validated for dolutegravir, elvitegravir, raltegravir, nevirapine and
etravirine over the ranges 9.7─9700, 52─10,470, 9.7─9,730, 73─14,680 and 15─3010 ng/
mL, respectively. Within-run and between-run accuracy and precision were within ±15%
of the nominal concentration for quality controls at high, medium and low concentrations,
and within ±20% at the lower limit of quantification for all analytes. Recovery was ≥76%
and reproducible. Long-term stability of patient plasma samples was demonstrated for at
least 12 months at ─40 ⁰C (4 months for etravirine). Currently, this robust method with a
run time of 10 min is used in clinical research and for therapeutic drug monitoring of these
frequently used antiretroviral drugs.
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IntRoDUCtIon
Today, integrase strand transfer inhibitors (InSTIs) are preferred third agents in combination antiretroviral therapy for treatment of HIV-infected patients.1, 2 Dolutegravir (DTG),
elvitegravir (EVG) and raltegravir (RTG) are widely used InSTIs and have demonstrated to
be safe and highly effective in reducing the HIV-1 RNA viral load.3-5 DTG and EVG are both
available as fixed-dose combination tablets, in which DTG or EVG is co-formulated with
two nucleoside reverse transcriptase inhibitor (NRTI) backbone drugs for once daily administration. Due to its pharmacokinetic properties RTG, as a 400 mg tablet, should be given
twice daily. However, in 2017 a new formulation was introduced that enabled once daily
dosing for RTG with two tablets of 600 mg taken in simultaneously.6 Other antiretroviral
agents (ARVs) that can be used as part of antiretroviral treatment for HIV-infection are
non-nucleoside reverse transcriptase inhibitors (NNRTIs) and include etravirine (ETV) and
nevirapine (NVP).
In clinical practice, therapeutic drug monitoring (TDM) of ARVs is a valuable tool to improve therapeutic and safety outcomes in the management of HIV-infected patients.7 In
addition, measuring ARV drug concentrations can be useful in a range of clinical scenarios,
for instance, in case of drug-drug interactions and in certain situations in which pharmacokinetics may be altered, such as in pregnancy, or in patients with renal or hepatic
impairment. Because of this, and because the amount of research conducted with INSTIs
and NNRTIs is substantial, there is a need for accurate, precise and validated quantification
methods. These methods should be efficient and practical for routine use. In literature,
there are a number of UPLC-MS/MS quantification methods described for quantification
of DTG with one or two other ARVs in a single assay,8-10 but, as far as we know, there
is only one UPLC-MS/MS method described for simultaneous quantification of DTG and
more than three ARVs.11 Unfortunately, this method had a relatively long run time (~15
min) and did not use stable isotope labeled internal standard (IS) for each compound, but
only one IS (quinoxaline) for the quantification of 18 analytes. This could negatively affect
the robustness of the assay. Other assays used complex sample processing methods or
insufficient calibration ranges to cover maximal plasma concentrations that can be reached
in clinical practice.8, 9
Here we present an accurate, simple and rapid UPLC-MS/MS method for the simultaneous
quantification of five ARVs including the InSTIs DTG, EVG and RTG, as well as the NNRTIs
NVP and ETR. This UPLC-MS/MS quantification assay thus includes a large part of the most
frequently used ARVs that are candidates for TDM in one run, thereby primarily aiming to
enhance laboratory efficiency.
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Material and methods
Chemicals and reagents
DTG, EVG, ETV and stable isotope-labeled IS
2

13

C2H5-dolutegravir,

13

C6-elvitegravir,

13

C 6-

2

etravirine, H-nevirapine and H6-raltegravir, were purchased from Alsachim (Illkirch,
France). NVP was purchased from United States Pharmacopoeia (Rockville, USA). RTG
was provided by Merck KGaA (Darmstadt, Germany). Hypergrade acetonitrile LiChrosolv®
(ACN) and dimethylsulfoxide SeccoSolv® (DMSO) were purchased from Merck KGaA
(Darmstadt, Germany), UPLC/MS quality methanol from Biosolve (Valkenswaard, The
Netherlands), and HPLC quality water was obtained with the Veolia PURELAB® flex 4
system (Ede, The Netherlands). Formic acid eluent additive for UPLC-MS was purchased
from Sigma-Aldrich (Zwijndrecht, The Netherlands). Drug-free human K2EDTA plasma was
obtained from Sanquin blood bank (Nijmegen, The Netherlands).

Chromatographic conditions
A Waters Acquity H-class UPLC system was used and consisted of a quaternary pump
(QSM), a flow-through-needle (FTN) cooled autosampler, a column oven, and a sample
organizer, and was coupled to a Xevo TQ-S micro Tandem Mass Spectrometer (Waters,
Etten Leur, The Netherlands). Chromatographic separation was achieved with an Acquity
UPLC BEH C-18 column, 1,7 µm, 2.1 × 50 mm (Waters, Etten Leur, The Netherlands), with
a temperature maintained at 40 °C. The autosampler temperature was set to 8 °C. The
mobile phase consisted of a gradient (see Table 1) and the eluent flow rate was 0.475
mL/min. The supernatant of the precipitated sample (2 µL) was injected onto the column
and the needle was washed post-injection for 3 s with a mixture of water and acetonitrile
(40:60, v/v), containing 1% formic acid.
Table 1. Gradient table.
Time (min)

Flowrate (mL/min)

% Solvent Aa

% Solvent Bb

% Solvent Cc

0

0.475

80

20

0

5.0

0.475

10

90

0

5.1

0.475

10

0

90

5.9

0.475

10

0

90

6.0

0.475

80

20

0

10.0

0.475

80

20

0

a

Solvent A consisted of 0.1% formic acid in water.
Solvent B consisted of 0.1% formic acid in acetonitrile.
c
Solvent C consisted of 1% formic acid in acetonitrile.
b
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Mass spectrometric conditions
The Xevo TQ-S micro mass spectrometer was operated in the positive electrospray ionization (ESI) mode using multiple reaction monitoring (MRM) over three time periods (period
1: 0.00─1.40 min, period 2: 1.41─3.20 min, period 3: 3.21─5.00 min). The Capillary
voltage was 2.5 kV, source temperature 150 °C, desolvation temperature 500 °C and the
desolvation gas flow was set to 950 L/h. Argon was used as collision gas, nitrogen was
used as desolvation and nebulizer gas. All analytes were optimized on the [M + H] ion
and two MRM transitions; the first was used for quantification and the ratio of the first
and second MRM transitions for qualification. For the IS we chose one MRM transition
for quantification. Proposed mass-to-charge ratio (m/z) fragmentation patterns for all five
analytes are shown in Figure 1. Cone voltage and the collision energy were optimized for
all components (Table 2). The system was controlled using Masslynx software (version 4.1,
Waters, Etten Leur, The Netherlands). The TargetLynx application was used for quantification.

Figure 1. Chemical structures of the five analyte antiretroviral drugs and proposed m/z fragments.
a

Plausible m/z fragmentation for the second trace could not be derived from the available data.
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Stock solutions, working solutions and quality controls in plasma
Stock solutions for the analytes were prepared separately in DMSO or methanol:water (see
Table 3). Analyte stock solutions were diluted to make calibration standard 1. For this, 100
µl DTG, 100 µl EVG, 30 µl ETV, 150 µl NVP and 100 µl RTG stock solutions were combined
and EDTA plasma was added to a volume of 10.0 mL. The other six calibration standards
were prepared by further diluting calibration standard 1 with EDTA plasma (see concentrations in Table 3). All solutions were stored at -40 °C. Internal quality controls (QCs) were
prepared at low (QC Low), medium (QC Medium) and high concentration (QC High) (Table
3). The QC Low was within three times of the assay lower limit of quantification (LLOQ),
QC Medium was in the median of the calibration curve and QC High was within 75%
of the upper limit of quantification (ULOQ). The stock solutions for all IS were prepared
in methanol at a concentration of 1 mg/mL. Precipitation reagent consisted of methanol
to which all IS stock solutions were added resulting in IS concentrations of 150 ng/mL
for DTG, 100 ng/mL for EVG and RTG, and 500 ng/mL and 250 ng/mL for NVP and ETV,
respectively.
Table 2. Analyte and IS specific mass spectrometric parameters and optimized mass spectrometer settings.
Component

Retention
time (min)

Positive ion mode MRM
Second
transition, first trace (m/z) trace
(m/z)

Cone
Collison
Voltage (V) energy (eV)

Dolutegravir

2.09

420/277

40

24

40

26

50

48

34

52

58

34

70

28

20

24

20

22

20

30

26

30

Dolutegravir13 2
C H5
Elvitegravir

3.61

Elvitegravir-13C6
Etravirine

3.63

448/344

435/144

435/163

441/163
0.98

2

Nevirapine- H4
Raltegravir

448/143
454/149

Etravirine-13C6
Nevirapine

420/126

426/277

267/226

267/80

271/230
2.19

Raltegravir-2H6

445/109

445/361

451/115

MRM, Multiple Reaction Monitoring; m/z, mass-to-charge ratio; V, voltage.

Sample preparations
After thawing, patient EDTA plasma samples were kept at room temperature for at least
1 h. From each calibration curve standard, quality control sample and patient sample, 50
µL was pipetted into a 2.0 mL biovial. Protein precipitation was established by adding 200
µL precipitation reagent and 1 mL of methanol for dilution, followed by a mixing step on
a multi-tube vortex at 2500 rpm for 2 min and centrifugation for 5 min at 18.620 × g.
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The supernatant was transferred into a vial with a 150 µL insert. From this vial, 2 µL was
injected into the UPLC-MS/MS system for analysis.

Validation parameters
The validation of the assay was based on the EMA guideline on bioanalytical method
validation.12

selectivity
Interference from endogenous compounds was investigated by analyzing blank EDTA
plasma of six different individuals, who did not use any of the drugs. Absence of interfering
components was accepted where the response was <20% of the LLOQ for all analytes and
<5% for the IS.

Carry-over
Carry-over was assessed by injecting a blank sample after injection of the highest calibration standard containing all five analytes and all five IS. This step was repeated five times.
Carry-over in the blank sample had to be <20% of the LLOQ of each drug and <5% of
the IS.

Accuracy, precision, and lower limit of quantification
To determine the accuracy and the intra- and inter-day precision, a calibration curve with
a minimum of 6 points (in duplicate), and validation samples with human EDTA plasma,
spiked at the LLOQ, three different QC levels and at the ULOQ for all five analytes, were
analyzed in fivefold on three consecutive days. All calibration curves were constructed as
a plot of the analyte concentration versus peak area ratio of the analyte to IS. The method
of least squares was used to determine which regression model fitted the calibration data
best. Accuracy was calculated as the mean percentage of nominal analyte concentrations.
The within-run and between-run precision was expressed as coefficient of variation (CV).
For the LLOQ the percent deviation from the nominal concentration and CV had to be
<20%, and <15% for all other concentrations.

Matrix effect and recovery
The matrix factor (MF) was calculated for all analytes and all IS. This was done by calculating the ratio of the peak area in the presence of matrix, to the peak area in absence of
matrix. The IS-normalized MF was then calculated by dividing the MF of the analytes by
the MF of the IS for each analyte. This was done at a QC High and Low concentration
levels for six different lots of blank EDTA plasma from individual donors. The CV of the
IS-normalized MF calculated for both concentrations from the six lots should not be >15%.
At the same time, total extraction recovery for all analytes was defined as the ratio of the
83
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peak area of the blank plasma spiked with the analytes before extraction to the peak area
of the analytes and IS in methanol. This was done in duplicate at a high, medium and low
concentration, and for this range our internal aim was a recovery >70% that was constant
over the concentration range.

Dilution integrity
Dilution integrity was investigated for samples with concentrations above the established
calibration range by analyzing five replicate samples at a concentration of 1.5 times the
ULOQ. Samples were two and four times diluted with blank EDTA plasma and compared
with the nominal concentration. Accuracy and precision should be within ±15%.

Stability
The stability during sample handling for all analytes in EDTA plasma was verified by subjecting samples to three freeze-thaw cycles, testing the stability at room temperature, 4─8 °C
and -40 °C. Bench-top stability for all drugs in blood was tested at room temperature and
at 4─8 °C. This was all done at three different concentration levels (QC Low to QC High) in
spiked samples. The stability of processed samples in the autosampler at room temperature
and the stability of the standard solutions in methanol at -40 °C were also tested. In
addition, stability of patient plasma samples stored at -40 °C was assessed.

Results
Chromatographic separation of a mixture containing all analytes at various drug concentrations is shown in Figure 2 and retention times are given in Table 2. Runtime for the final
assay was 10 min. During method validation we encountered some stability problems for
DTG in citrate plasma (see discussion), and we therefore switched to EDTA as anticoagulant
for plasma samples. The calibration data for all analytes (peak area ratios versus concentrations) were best fitted by weighted (1/x2) linear regression. The LLOQ was also the lowest
calibration standard and had a signal to noise ratio of at least five for all of the analytes.
Chromatograms of all analytes at the LLOQ level and their respective blanks are shown in
Figure 3A, as well as the chromatograms of calibration standard C in human EDTA plasma
containing all the analytes and IS (Figure 3B). All six blank EDTA plasma samples from
individual donors showed absence of interference, as responses were < 20% of the LLOQ
and 5% of the IS.
After addition of 1% formic acid to the needle wash solvent, and an additional change in
gradient composition to 90% of 1% formic acid in acetonitrile (see Table 1), the carryover
of the ULOQ for all analytes was <20% of the LLOQ and <5% for the IS.
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Figure 2. Representative normalized multiple reaction monitoring (MRM) chromatogram of a mixture of
calibration standards no. 3 at various concentration levels.
1. NVP 1500 ng/mL, 2. DTG 1000 ng/mL, 3. RTG 1000 ng/mL, 4. EVG 1000 ng/mL and 5. ETR 300 ng/mL.

The assay validation results for accuracy, inter- and intra-day precision and recovery, based
on 3 validation runs, and the concentration ranges are presented in Table 4. The betweenrun accuracy of the method ranges from 95 to 106% with a precision <14.6% (n=15). The
within-run precision (n=5) was <5.4% for the ULOQ and <9.0% for the LLOQ. The mean
recovery was >84% for all analytes, except for DTG for which the mean recovery was 76%
(Table 4).
We calculated the IS-normalized MF of all analytes in EDTA plasma. The CV of the IS-normalized MF for all analytes of both the low and high concentrations was <7.5%. Moreover,
spiked plasma samples for all analytes were stable for at least 1 day at room temperature,
3 days at 4 °C, and 19 months at -40 °C (Table 5). DTG in spiked plasma samples stored at
room temperature was less stable than other analytes were, as recovery from the nominal
value for DTG under these conditions was 62% after 3 days. In addition, for DTG in whole
blood patient samples the mean concentration compared to the nominal concentration
was slightly below 85% after 24 h at room temperature. Maximum storage period for DTG
whole blood patient samples at room temperature was therefore set at 4 h for which the
mean concentration compared to the nominal concentration was 96% (Table 5).
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Figure 3. MRM chromatograms of (A) LLOQ samples and their respective blanks, and (B) calibration
standard 3 and IS for all five analytes.
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Table 4. Assay performance for LLOQ, QC Low, QC Medium, QC High and ULOQ concentration levels
for all five analytes in human EDTA plasma.
Analyte Nominal concentration
(ng/mL)
DTG

EVG

ETV

NVP

RTG

Within-run (n=5)
Accuracy
(%)

a

Between-run (n=15)
b

Precision
(%)

Accuracy
(%)

a

Precision
(%)

9.7

106

6.8

102

270

90

5.5

97

6.2

796

91

2.0

97

6.1

b

Recoveryc (%)
and CV (%)

6.7

7960

91

1.9

97

5.4

9700

87

2.8

95

7.4

52

97

3.9

98

0.0

75

95

1.4

96

1.7

749

103

2.5

101

1.2

7490

101

3.0

100

0.0

10,470

98

5.4

99

0.0

15

85

7.6

97

14.6

25

109

6.1

106

0.8

251

97

2.3

99

1.6

2510

102

2.7

101

0.5

3010

104

3.5

101

3.4

73

96

2.2

97

0.6

129

98

2.8

99

0.4

1286

101

1.8

100

0.0

12,860

97

2.3

98

0.5

14,680

96

1.6

97

0.7

9.7

95

8.7

98

0.5

23

93

3.4

94

0.0

692

102

2.1

100

1.4

6920

101

3.2

100

0.8

9730

99

1.8

100

0.5

76 (1.8)

93 (1.0)

84 (6.0)

90 (9.0)

91 (1.0)

DTG, dolutegravir; EVG, elvitegravir; ETV, etravirine; NVP, nevirapine; RTG, raltegravir; CV, coefficient of variation.
a
Mean accuracy is expressed as % of nominal value.
b
Mean precision is expressed as CV%.
c
Mean recovery (%) over the concentration range.
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table 5. Stability data at various conditions for all analytes in spiked and patient samples.
Matrix

Condition

Spiked whole blood a

Room temperature

4 °C

Spiked plasma

a

Room temperature

4 °C

-40 °C

Patient whole blood b
Patient plasma

b

Analyte

time
interval

Mean concentration
compared to nominal
concentration (%)

DTG

1d

90

EVG

3d

98

ETV

3d

111

NVP

3d

102

RTG

3d

97

DTG

3d

89

EVG

3d

96

ETV

3d

102

NVP

3d

100

RTG

3d

101

DTG

1d

89

EVG

3d

101

ETV

3d

97

NVP

3d

101

RTG

3d

99

DTG

7d

99

EVG

7d

100

ETV

7d

101

NVP

7d

100

RTG

7d

99

DTG

19 m

95

EVG

19 m

104

ETV

19 m

94

NVP

19 m

102

RTG

19 m

104

Room temperature

DTG

4h

96

4°C

DTG

3d

98

Room temperature

DTG

1d

87

4 °C

DTG

3d

99

-40 °C

DTG

13 m

103

EVG

12 m

104

ETV

4m

94

NVP

13 m

105

RTG

14 m

102

4

DTG, dolutegravir; EVG, elvitegravir; ETV, etravirine; NVP, nevirapine; RTG, raltegravir; h, hours; d, days; m,
months.
a
Mean recovery of the concentration range QC Low to QC High (n=6) for each analyte.
b
Mean recovery based on 3 individual patient whole blood or plasma samples for each analyte.
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Table 6. Sample stability in autosampler, after freeze-thaw cycles and stability for stock solutions.
Matrix

Condition

Analyte

Nominal
concentration
(ng/mL)

Time
interval

Mean concentration
compared to nominal
concentration (%)

Extracted
plasma

Room
temperature
(in autosampler)

DTG

9-9700

7d

98

EVG

52-10,500

7d

98

ETV

15-3000

7d

98

NVP

73-14,700

7d

100

RTG

10-9730

7d

98

DTG

27-8000

-

99

EVG

75-7500

-

99

ETV

25-2500

-

100

NVP

129-12,900

-

99

RTG

12-3930

-

98

DTG

1000*

15 m

99

EVG

1000*

15 m

100

ETV

1000*

39 m

102

NVP

1000*

29 m

100

RTG

1000*

67 m

103

Plasma

DMSO

Methanol

3 freeze-thaw
cycles

-40 °C

-40 °C

DTG, dolutegravir; EVG, elvitegravir; ETV, etravirine; NVP, nevirapine; RTG, raltegravir; DMSO, dimethylsulfoxide; d, days; m, moths. * concentration in mg/L.

After storage at -40°C patient plasma samples for all analytes were confirmed stabile for at
least 12 months (4 months for ETV). Furthermore, for all analytes, concentrations remained
stable after three freeze-thaw cycles (recovery from nominal value >95%, Table 6). Dilution
integrity was demonstrated for all analytes for concentrations up to 1.5 times the ULOQ
without compromising accuracy and precision. A two and four times dilution resulted in
accuracies that ranged from 97 to 107% with a precision (CV) of 0.9 to 3.3%.

Clinical application
DTG and EVG are frequently used in our clinic. A representative plasma concentration-time
profile for DTG and EVG is included in Figure 4. One profile was obtained from an HIVinfected patient who was treated with a non-classic once daily antiretroviral regimen that
consisted of DTG, unboosted atazanavir and lamivudine. EVG plasma concentrations were
obtained from a healthy volunteer after intake of a single dose of a fixed-dose combination
tablet with EVG, cobicistat, tenofovir disoproxil fumarate and emtricitabine for research
purposes. All measured values for these pharmacokinetic profiles are within the validated
ranges for DTG and EVG.
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Figure 4. A). Steady-state plasma concentration-time profile for dolutegravir (DTG) in a patient receiving
a non-classic antiretroviral regimen with DTG 50 mg, unboosted atazanavir 400 mg and lamivudine 300
mg, and B). a single-dose concentration time-profile for elvitegravir (EVG) after intake of an EVG containing single tablet antiretroviral regimen (EVG 150 mg, cobicistat 150 mg, emtricitabine 200 mg and
tenofovir disoproxil fumarate 245 mg).
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Discussion
In this paper we report the development, validation and application of an UPLC-MS/MS
method for the measurement of five ARVs. As far as we know, this is the first UPLC-MS/
MS method which is able to measure five different ARVs, including the newest InSTI DTG,
in a single run, using stable isotope labeled IS for all analytes. The low amount of patient
plasma (50 µL) required for quantification is advantageous, especially for TDM purposes
and clinical research in children.
During the method development and validation we encountered some problems that were
successfully solved. Initially, we started with citrate plasma for method development, but
upon thawing of the calibration standard and quality controls with DTG citrate plasma,
accuracy for quantification of DTG decreased with approximately 40% compared to
freshly prepared solutions. This issue underlines the importance of testing accuracy and
precision in different matrices at various conditions beside the matrix effect itself, and the
importance of the use of a stable isotope of the analyte as IS. As we did not fully crossvalidate our quantification method for other anticoagulants than EDTA, it is unknown
if samples obtained in other blood sample collection tubes, i.e. lithium-heparin coated
tubes, suffer from these or other instability problems for DTG. Nevertheless, with the use
of lithium-heparin plasma we also noticed some degree of ion-suppression for both DTG
and its IS. Suppression of signal intensity was also described by Penchala et al., when using
lithium-heparin coated tubes for collection of DTG samples.9 It could be hypothesized
that this is caused by ion-suppression during the ESI process. However, since we used a
stable isotope of DTG as IS the same effect was observed for both and the accuracy of the
quantification method was therefore not affected. Because of the above mentioned stability problems we changed the anticoagulant to EDTA and did not encounter any further
problems with the quantification of DTG. Plasma equivalence for quantification of DTG in
different EDTA-salts, K2 and K3 EDTA, was already demonstrated by Benetto-Hood et.al13
and was therefore not conducted as part of this validation.
Another issue we encountered were the substantial carry-over effects we observed for ETV.
Addition of a mixture of water and acetonitrile (40:60, v/v) and 1% formic acid to the FTN
wash solvent did not reduce these carry-over effects sufficiently. Therefore, we decided
to add a third solvent (solvent C, Table 1) to the mobile phase which was delivered to the
system by the quaternary pump, and after implementation of an additional change in
gradient composition to 90% of 1% formic acid in acetonitrile, carry-over was sufficiently
reduced (<20% of the LLOQ).
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Moreover, we demonstrated that DTG was less stable in whole blood patient samples.
Therefore we recommend to store DTG blood samples directly after collection at 4-8 °C,
for which we demonstrated stability during three days.
Advantageous for this analytical quantification method are the simple sample preparation
approach and the short run time of ~10 min. Currently the method is used for routine
patient care and for research purposes at our laboratory. To ensure the continuous performance quality of our quantification method, our laboratory participates in two independent international inter-laboratory quality control (or proficiency testing) programs,14, 15
and within these programs our assay is performing well within the acceptance criteria for
all five analytes.

ConCLUsIon
This UPLC-MS/MS assay represents a robust, simple and fast quantification method for the
analysis of five different commonly used ARVs. The method uses stable isotope labeled
IS for each individual analyte and requires only a small plasma volume for quantification.
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ABSTRACT
Background
If HIV-patients are unconscious or cannot swallow tablets for other reasons, antiretroviral medication is crushed and dissolved prior to administration. Crushing can alter drug
exposure, possibly leading to treatment failure, development of resistance or toxicity. Currently, there is no information about crushing of the branded fixed-dose combination of
dolutegravir/abacavir/lamivudine (Triumeq®, referred to as TRI); therefore, crushing of TRI
is not recommended.

Objective
To investigate whether the TRI fixed-dose combination tablet can be crushed and combined
with enteral nutrition without influencing pharmacokinetics (PK).

Methods
We carried out an open-label, three-period, randomized, single-dose, crossover trial in
22 healthy adult volunteers. Subjects randomly received a whole-tablet TRI with fasting
(reference), crushed and suspended TRI with fasting or crushed and suspended TRI with
oral intake of enteral nutrition. Bioequivalence criteria (80% and 125% acceptance range)
of AUC0-∞ and Cmax were used. ClinicalTrials.gov: NCT02569346.

Results
Crushing TRI leads to higher dolutegravir exposure (AUC0-∞ +26% and Cmax +30%) and,
if crushed TRI is combined with enteral nutrition, to a decrease in abacavir Cmax (-17%).
Lamivudine concentrations were not affected as geometric mean ratios with 90% CIs fell
within the 80-125% range.

Conclusions
Bioequivalence could not be demonstrated for a crushed and suspended tablet or a crushed
and suspended tablet with oral intake of enteral nutrition compared to a whole-tablet
TRI with fasting. Both scenarios led to higher dolutegravir exposure, but this does not
exceed exposure after intake with food or in twice-daily dosing. In our opinion TRI can be
crushed for patients with swallowing difficulties and can be simultaneously administered
with enteral nutrition.
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IntRoDUCtIon
The HIV-1 integrase inhibitor dolutegravir (DTG) is marketed as single tablet (Tivicay®) and
in a fixed-dose combination tablet with abacavir (ABC) and lamivudine (3TC) (Triumeq®,
referred to as TRI). TRI is the largest currently available once-daily fixed-dose combination
tablet, possibly causing adherence issues in young adolescents and in patients with comorbidities that affect swallowing.1 Liquid oral formulations could be an alternative; however,
no commercial oral solution is available for dolutegravir and oral solutions for lamivudine
(10 mg/mL, 240 mL/bottle) and abacavir (20 mg/mL, 240 mL/bottle) are not practical to use
in adults because of the high volume per dose, and the taste is unpleasant.
If HIV-infected patients are critically ill or are unable to swallow tablets for other reasons,
antiretroviral medication is often crushed and suspended to ease administration. Depending on the biopharmaceutical characteristics of a drug and its formulation, crushing tablets
can influence drug pharmacokinetics (PK). It may shorten time to reach maximum plasma
concentration (Cmax) since the gastric disintegration phase does not occur, or change
bioavailability and Cmax. This has been shown for tenofovir, efavirenz and lopinavir, for
example.2-4
In addition, a PK interaction between dolutegravir and enteral nutrition is likely to occur
on the level of absorption. This assumption is based on the known interaction between
dolutegravir and cations in antacids, multivitamins and dietary supplements. Simultaneous
oral ingestion of antacids, multivitamins, calcium or iron supplements and dolutegravir was
shown to decrease Cmax and area under the curve (AUC) of dolutegravir with 33-74%.5, 6
Data on crushing elvitegravir fixed-dose combination tablets could not demonstrate an
interaction between elvitegravir and enteral nutrition.7 It is still unclear if certain foods
or liquids containing high amounts of magnesium or other cations, such as enteral nutrition, can cause a decrease in exposure if combined with other integrase inhibitors such as
dolutegravir.
As altered drug exposure may possibly lead to treatment failure, development of resistance
or toxicity, currently therapeutic drug monitoring is recommended or crushing TRI is advised
against due to a lack of data on PK. Therefore, the aim of this study was to investigate
whether crushed and suspended TRI and crushed and suspended TRI with enteral nutrition
are bioequivalent to taking TRI as a whole tablet.
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PATIENTS AND METHODS
This open label, three-period, randomized, single-dose, crossover trial in healthy adult
volunteers was conducted in April 2016 at Radboud university medical center, Nijmegen,
the Netherlands.

Ethics
The protocol was approved by the local ethics committee of Arnhem-Nijmegen (reference
number 2015-2003) and has been registered at ClinicalTrials.gov (NCT02569346). All
subjects provided written informed consent prior to study assessments.

Patients
Healthy volunteers that were eligible for inclusion had to be between 18 and 55 years of
age, had to weigh at least 40 kg with a BMI of 18.5-30 kg/m2, had to be able and willing
to sign the Informed Consent Form prior to screening evaluations, had to be in good ageappropriate health condition and not have smoked more than 10 cigarettes per day for at
least 3 months prior to day 1. Main exclusion criteria were: positive test for HIV, hepatitis B
or hepatitis C; positive HLA-B*5701 status; sensitivity/idiosyncrasy to medicinal products or
excipients; relevant history or current condition that might interfere with drug absorption,
distribution, metabolism or excretion; pregnant female; therapy with any drug except for
acetaminophen; abuse of drugs, alcohol or solvents; gluten-free diet; participation in a
drug study; recent donation of blood; febrile illness.

METHODS
The study was designed to demonstrate bioequivalence between a whole-tablet TRI with
200 mL water (reference treatment) and a crushed and suspended TRI tablet with 200 mL
water (intervention I), and a crushed and suspended TRI tablet with 200 mL water combined
with oral intake of 250 mL (1 kcal/mL) Nutrison enteral nutrition (Nutricia, Zoetermeer, the
Netherlands)) (intervention II). Two hundred and fifty millilitres of Nutrison contains 9.75
g of fat, 4 mg of iron, 3 mg of zinc, 200 mg of calcium, 57.5 mg of magnesium. Tablets
were crushed with a tablet crusher; ‘narrow’ type (Hammarplast Medical AB, Lidköping,
Sweden). Subjects randomly received a single dose of the reference and intervention treatments, with a washout period of 7 days. Power calculation was performed by using a
mixed linear model with period and treatment as fixed-factors. A total sample size of 18
evaluable subjects was considered sufficient for a power of 80% in case of bioequivalence.
Twenty-two subjects were included to account for possible dropouts. PK curves were col-
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lected on day 1, 8 and 15 at the following time points: t=0 (pre-dose), 0.5, 1, 1.5, 2, 2.5,
3, 4, 6, 8, 10, 12, 24, 36 and 48 hours after ingestion.
Dolutegravir, abacavir and lamivudine plasma concentrations were analysed by the use
of an internally and externally validated ultra-performance LC MS method (LC-MS/MS).8
The lower limit of quantification (LLOQ) for dolutegravir, abacavir and lamivudine was
0.01 mg/L, 0.0149 mg/L and 0.0150 mg/L, respectively. PK parameters were determined
using a non-compartmental analysis in WinNonlin (version 6.3, Pharsight Corporation, St
Louis, USA). Geometric mean ratios (GMRs) with 90% confidence interval (CI) of AUC0-∞
and Cmax were calculated for intervention I and II versus the reference treatment after
log transformation of within-subject ratios using a fixed-effects bioequivalence module
in WinNonlin/Phoenix. Two treatments were considered bioequivalent if the 90% CI of
the GMR of AUC0-∞ and Cmax fell within 80%─125%.9 Furthermore, safety and tolerability
of a single-dose crushed and suspended TRI tablet with or without enteral nutrition was
evaluated. Adverse events were graded according to the Common Terminology Criteria for
Adverse Events (CTCAE).

ResULts
Twenty-two healthy adult volunteers (55% male, 91% white and 9% of mixed-race) were
enrolled in this study, all of whom completed the study. Median (range) age was 25 (1854) years and body-mass index was 23 (20-27) kg/m2. Figure 1 shows the mean plasma
concentration versus time profiles of all compounds for each treatment. Table 1 shows
the PK parameters for dolutegravir, abacavir and lamivudine of the reference treatment,
intervention I and II, and GMRs of both interventions versus the reference treatment.
Dolutegravir plasma concentrations for intervention I (crushed and suspended TRI tablet
with fasting) were 26% higher compared to the reference treatment (whole-tablet TRI
with fasting). Dolutegravir Cmax increased by 30% compared with the reference treatment.
Bioequivalence between intervention I and the reference treatment could not be demonstrated as the GMR with 90% confidence interval (CI) for AUC0-∞ and Cmax of dolutegravir
fell outside the required limits of 80%─125%. For abacavir and lamivudine, all 90% CIs
fell within the bioequivalence limits of 80%─125%.
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Figure 1. Mean plasma concentration (SD) versus time curves for dolutegravir (A), abacavir (B) and
lamivudine (C).
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2.00 (1.00-3.00)

13.88 (35)

tmax (h)

t½ (h)

3.87 (21)

t½ (h)

14.20 (26)

1.00 (0.50-2.50)

2.31 (31)

4.88 (30)

Cmax (mg/L)

tmax (h)

Cmax (mg/L)

14.40 (30)

AUC0-∞(mg/L*h)

AUC0-∞(mg/L*h)

2.27 (1.00-4.02)

13.65 (13)

t½ (h)

Cmax (mg/L)

tmax (h)

69.50 (22)

3.81 (24)

AUC0-∞(mg/L*h)

Reference treatment
(whole tablet, fasting)

PK
parameter

13.15 (32)

1.50 (1.00-4.00)

2.28 (23)

14.23 (21)

4.33 (26)

1.00 (0.50-2.00)

4.95 (31)

14.31 (30)

13.63 (20)

2.00 (0.50-3.00)

4.94 (18)

87.49 (15)

Intervention I
(crushed tablet,
fasting)

12.27 (27)

2.00 (1.50-3.00)

2.47 (21)

14.30 (21)

4.05 (22)

1.58 (0.50-2.50)

4.06 (22)

13.55 (25)

13.24 (14)

2.50 (1.50-4.02)

4.65 (15)

82.38 (15)

Intervention II
(crushed tablet,
enteral nutrition)

83.0 (76-90)

101.3 (93-110)

-

-

-

100.6 (96-105)
106.7 (100-113)

100.2 (96-105)
98.6 (93-105)
-

-

-

-

94.1 (90-98)

99.4 (95-104)
-

-

-

-

118.4 (112-125)
121.7 (115-128)

125.8 (119-133)
129.5 (123-136)
-

Intervention II versus
reference treatment
gMR (90% CI)

Intervention I versus
reference treatment
gMR (90% CI)

AUC0-∞, Cmax, and t½ are shown as geometric mean (%CV). Tmax is shown as median (range). GMR, geometric mean ratio; CI, confidence interval.

Lamivudine

Abacavir

Dolutegravir

table 1. PK parameters for dolutegravir, abacavir and lamivudine, including GMRs for the interventions versus the reference treatment.
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After intake of a crushed and suspended TRI tablet with enteral nutrition (intervention
II), dolutegravir plasma concentrations increased by 18% compared with the reference
treatment. Dolutegravir Cmax was 22% higher and abacavir Cmax was 17% lower compared
with the reference treatment. The 90% CIs of the GMRs for Cmax of both dolutegravir
and abacavir, comparing a crushed and suspended TRI tablet with enteral nutrition to a
whole-tablet TRI, fell outside the predefined bioequivalence range. All other 90% CIs fell
within the required limits of 80%─125%.
No serious adverse events were reported during the trial. In 77% of the healthy adult
volunteers one or more adverse event was observed and reported. Of the reported adverse
events, 25/53 (47%) were judged to be probably or possibly related to TRI and the most
frequently reported were headache (24%, grade 1-2), nausea (16%, grade 1), fatigue
(16%, grade 1), and dizziness, abdominal pain and diarrhoea (all 12%, grade 1). There
was one case of difficulty falling asleep and one case of elevated amylase (both grade 1).
All related adverse events were resolved or resolving at the end of the study.

DISCUSSION
This study shows that crushing and suspending TRI leads to higher dolutegravir exposure
(AUC) and Cmax. Bioequivalence could not be demonstrated for a crushed and suspended
TRI tablet, either under fasting conditions or combined with enteral nutrition, compared to
a whole-tablet TRI. One case report was published on an antiretroviral-naive patient who
crushed tenofovir disoproxil fumarate/emtricitabine and dolutegravir tablets on his own
initiative and mixed them with apple sauce. This patient achieved virological suppression
after 4 weeks of treatment with good tolerability. This case report suggests effectiveness
of crushed and suspended dolutegravir.10 Our data show higher dolutegravir levels reached
after crushing, which supports sustained effectiveness seen in this case report. Since the
half-life for dolutegravir was similar in all treatments, the increased dolutegravir exposure
is probably caused by enhanced absorption.
In our opinion, the increased dolutegravir exposure we observed in this study is not clinically
relevant in terms of safety, since dolutegravir exposure is even higher if taken with food11, 12
or in twice-daily dosing, which is recommended in patients with HIV-1 with resistance to
other integrase inhibitors.13
Besides the effect of crushing and the known effect of food, an interaction between dolutegravir and cations in enteral nutrition is likely to occur. Simultaneous intake with antacids
and cation containing supplements is advised against due to decreased exposure and Cmax of
104

Crushing of dolutegravir fixed-dose combination tablets increases dolutegravir exposure

dolutegravir, however, this effect is attenuated when taken with food.6 This study, though,
shows that fasting intake of crushed TRI with oral intake of enteral nutrition, which is
considered a high-fat liquid, increases dolutegravir exposure. This is in line with results for
crushed elvitegravir fixed-dose combination tablets (Stribild®) taken with enteral nutrition.7
Therefore, we assume that the effect of crushing and intake with enteral nutrition sufficiently
counteracts the possible negative effect on dolutegravir absorption by cations.
Furthermore, decreased abacavir Cmax after crushing and suspending TRI combined with
enteral nutrition is similar to results from other studies of abacavir taken with food and
considered not clinically relevant.11, 14, 15 Lamivudine exposure and Cmax were bioequivalent
to intake of the whole tablet. As a result, it can be concluded that TRI can be crushed and

5

combined with enteral nutrition without separating intake in time.
The combination of a twice daily dolutegravir dose, intake with food and crushing of
dolutegravir altogether, could lead to high plasma concentrations, assuming the maximum
absorption has not been reached yet. As data on the relation between dolutegravir plasma
concentrations and toxicity have not yet been fully elucidated, additional monitoring for
side-effects should be implemented in this situation.
This study did not investigate the effects of feeding tubes, therefore it is unknown whether
absorption would be similar in HIV-seropositive patients with different enteral feeding
tubes; different diameter, different characteristics of the tubing material and other tube
exit locations in the gastrointestinal tract. Particular care should be taken with tubes exiting
beyond the pylorus. A case report described lower than expected dolutegravir concentrations in a patient with dolutegravir (50 mg twice daily) administered via an orogastric tube,
when compared to patients administered 100 mg total daily dose. HIV-1 RNA remained
undetectable, but the authors would recommend consideration of dolutegravir dose titration (150-200 mg total daily dose) to achieve optimal dolutegravir trough concentrations
via the enteral route, especially in the integrase-experienced patient.16
In conclusion, bioequivalence could not be demonstrated for a crushed and suspended
tablet and a crushed and suspended tablet with oral intake of enteral nutrition compared
to a whole-tablet TRI with fasting. Both scenarios led to higher dolutegravir exposure, but
this did not exceed exposure after intake with food or in twice-daily dosing. In our opinion
TRI can be crushed for patients with swallowing difficulties and can be simultaneously
administered with enteral nutrition.
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SUMMARY
There is a proposed drug-drug interaction (DDI) between dolutegravir and valproic acid.
The pharmacological explanation is unknown; however, plasma protein displacement
seems likely as both drugs are highly protein-bound. We observed a higher dolutegravir
unbound fraction in plasma for HIV-infected subjects while on concomitant valproic acid
(0.46-0.58%) versus without (0.23-0.30%). Since individual unbound dolutegravir predose concentrations during valproic acid co-administration remained >0.85 µg/L (proposed
IC90 for unbound dolutegravir) in >90% of subjects this DDI with valproic acid is unlikely
to be clinically relevant.
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Recently, Palazzo et al. described an unexpected drug-drug interaction (DDI) between
dolutegravir and valproic acid in two HIV-infected subjects, causing more than 80% reduction in total dolutegravir exposure.1 The mechanism for this putative DDI has remained
unknown so far. A possible explanation could be induction of dolutegravir’s metabolizing
enzymes by valproic acid. Alternatively, excipients in valproic acid formulations could cause
complexation of dolutegravir resulting in impaired absorption. Furthermore, competition
for binding sites on plasma proteins has been suggested since both dolutegravir and
valproic acid drugs are highly protein bound (>90%) in plasma. In most cases, total drug
concentrations ─ the sum of plasma protein bound and unbound drug concentrations ─
adequately reflect drug exposure and can serve as predictor for efficacy outcomes, provided an exposure-response, i.e. pharmacokinetic/pharmacodynamic (PK/PD), relationship
is established. However, only the portion of the drug that is unbound to plasma proteins
can diffuse through membranes and exerts its biological effect (PD). In case of potential
protein displacement, unbound drug concentrations give more accurate information on
drug exposure. We aimed to assess the clinical relevance and unravel the pharmacological
mechanism for the dolutegravir-valproic acid DDI. We therefore conducted a PK subanalysis and quantified total and unbound dolutegravir, and dolutegravir’s main metabolite (an
inactive glucuronide2) in plasma, within the ‘Latency revising agents United as a Novel
Anti-HIV strategy’ LUNA trial.
The LUNA-trial is an open label 6 week randomized controlled intervention trial that aims
to evaluate the latency revising effects of pyrimethamine and valproic acid on the HIV
reservoir in adults who are successfully treated with antiretroviral therapy (ART) (ClinicalTrials.gov #NCT03525730). Eligible HIV-infected subjects were randomized to treatment with
either valproic acid (arm 1), pyrimethamine (arm 2), pyrimethamine with valproic acid (arm
3) or served as controls (arm 4). Valproic acid (Depakine enteric®; 30 mg/kg, orally, divided
over two equal doses per day) and/or pyrimethamine were used exclusively on Days 1-14
and were taken in the morning with food along with ART. The valproic acid dose resembles
standard maintenance doses for chronic treatment of epilepsy of 20-30 mg/kg per day
divided over 2 or 3 doses. PKs were assessed for enrolled subjects using a dolutegravirbased regimen (50 mg once daily). Pre-dose (t=0h) ethylenediaminetetraacetic acid (EDTA)
samples for quantification of total and unbound dolutegravir, and glucuronide-metabolite
plasma concentrations were taken on Day 1, 7, 14, and Day 42. On Day 0, two EDTA
samples were taken; directly upon intake of VPA with ART (t=0h) and at 6h after intake.
This PK substudy design allowed for comparison of dolutegravir PK between LUNA treatment arms 1 and 3 (using valproic acid) versus arms 2 and 4 (without concurrent valproic
acid use). For subjects enrolled in arms 1 and 3, it also allowed for within-subject comparison of dolutegravir PK with concurrent valproic acid use (on Days 1,7 and 14) versus
without (Days 0 and 42). Dolutegravir total plasma concentrations were quantified with a
111
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validated ultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/
MS) bioquantification method.3 Unbound concentrations were obtained by ultrafiltration
and the lower limit of quantification (LLOQ) was 0.5 µg/L. In order to detect possible
changes in dolutegravir metabolism we quantified dolutegravir-glucuronide and assessed
the molar metabolic ratio for main metabolite/parent drug, i.e. dolutegravir-glucuronide
(MW=594.51) /total dolutegravir (MW=419.38). 2H-nevirapine served as internal standard
for dolutegravir-glucuronide; m/z transition 596 → 420 and LLOQ was 0.005 mg/L. The DDI
was considered not clinically relevant if all individual trough unbound dolutegravir plasma
concentrations remained above the proposed in vitro minimal effective concentration
(EC90) of 0.85 µg/L for unbound dolutegravir concentrations.4
This preliminary PK analysis includes a total of ten subjects with a median (range) age of 54
(40-68) years, weighing 82.4 (66.5-116) kg; six subjects were on dolutegravir and randomized to treatment with valproic acid (arm 1 and 3), and three subjects on dolutegravir
were randomized to the LUNA control-arm (arm 2 and 4). Subjects did not use other
co-medications for which DDIs are relevant with either dolutegravir or valproic acid, had
an eGFR (CKD-EPI) > 50 ml/min/1.73m2 and albumin levels were within normal ranges.
One subject on dolutegravir and valproic acid stopped valproic acid after 7 days because of
nausea and vertigo (Grade 2) and vomiting (Grade 1). Total and unbound dolutegravir, and
dolutegravir-glucuronide plasma concentrations are summarized in Table 1. Total dolutegravir trough concentrations decreased sharply while on valproic acid administration, while
total dolutegravir concentrations in the controls remained comparable during the trial.
Unbound concentrations, with or without concomitant valproic acid, remained above the
proposed in vitro EC90 for protein-unbound dolutegravir concentrations in >90% of subjects. We observed a parallel increase in the unbound fraction of dolutegravir: 0.28-0.26%
without VPA compared to 0.46-0.58% during VPA administration, without relevant alterations in the controls (median 0.25%). While on valproic acid the dolutegravir-glucuronide
molar metabolic ratio seemed to increase. Currently, data on HIV-1 RNA viral load are not
yet available for subjects within the LUNA trial.
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table 1. Dolutegravir total, unbound and dolutegravir-glucuronide pre-dose plasma concentrations within the
LUNA trial.
Dtg with VPA (n=6)
a

a

Day (time of sample)

0

0 (6h) 1

VPA treatment

-

VPA

7

b

c

14

Dtg alone (n=3)
42

d

VPA VPA VPA -

0

0 (6h) 1

7

14

42e

-

-

-

-

-

-

DTG
Total, mg/L

1.35 2.55
(58) (46)

0.85 0.31 0.14 1.11 1.77 2.89
(39) (82) (10) (88) (85) (25)

1.49 1.74 1.51 5.21
(129) (115) (131)

Unbound, µg/L

3.84 10.0
(96) (43)

3.88 1.77 1.18 2.91 5.67 8.14
(32) (105) (80)f (110) (118) (34)

3.71 4.00 3.83 15.5
(197) (170) (209)

Fraction unbound, %

0.28 0.39
(30) (9)

0.46 0.58 0.58 0.26 0.32 0.29
(24) (33) (36) (19) (21) (14)

0.25 0.23 0.25 0.30
(28) (32) (31)

DTG-glucuronide, mg/L

0.08 0.17
(55) (40)

0.06 0.06 0.03 0.09 0.15 0.28
(50) (72) (13) (50) (100) (31)

0.15 0.14 0.13 0.53
(121) (134) (173)

Metabolic ratiog

0.04 0.05
(42) (54)

0.05 0.12 0.18 0.05 0.06 0.07
(53) (45) (23) (39) (18) (27)

0.07 0.06 0.06 0.07
(25) (16) (18)

Data represent geometric means with coefficient of variation (CV%).
DTG, dolutegravir; VPA, valproic acid.
a n=5; one subject took DTG >15min before blood collection and sample was excluded.
b n=5; one subject discontinued VPA after Day 3, results for day 7 and 14 were excluded for calculation of
summary statistics.
c n=2; one subject took DTG >15min before blood collection and sample was excluded, two subjects discontinued VPA intake and DTG results were therefore excluded, for one subject DTG (total and glucuronide) were
non-quantifiable.
d n=4; one subject took DTG in the evening instead of in the morning, for one subject results for D42 are not
available yet.
e n=1; for two subjects results not available yet.
f n=3; one subject took DTG >15min before blood collection and sample was excluded, two subjects discontinued VPA intake and DTG results were therefore excluded.
g Median molar metabolic ratio for dolutegravir-glucuronide by total dolutegravir trough plasma concentrations.

Our results on total trough dolutegravir concentrations for subjects participating in arm 1/3,
without concurrent valproic acid, are in line with the population reference value for geometric mean (CV%) dolutegravir trough concentration (1.20 (62%) mg/L) for HIV-infected
subjects using 50 mg once daily.5 However, trough total dolutegravir concentrations in the
control subject seemed quite high and exceeded the population average. Interestingly,
the dolutegravir-glucuronide concentrations in the control subject increased, along with
increasing total concentrations, and the metabolic ratio remained stable. Furthermore,
results on dolutegravir unbound fraction in plasma are in line with available previously
reported data. The dolutegravir unbound fraction was estimated at 0.23% to 1.10% in
healthy subjects, 0.45% to 0.5% in subjects with moderate hepatic impairment, 0.84%
to 1.01% in subjects with severe renal impairment, and 0.49%, 2-6h post dose, in HIVpositive subjects.6
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Although our data encompass only a limited number of subjects, our PK data on total
and unbound dolutegravir concentrations confirm the previously reported decrease in
total dolutegravir plasma concentrations after addition of valproic acid to dolutegravir.
This rapid and consistent decrease in total dolutegravir concentrations, can be explained
by protein displacement of dolutegravir by valproic acid, as we observed an increased
dolutegravir unbound fraction. If dolutegravir is taken in with food, this DDI with valproic
acid is probably not of clinical relevance, as all individual unbound dolutegravir concentrations remained above the proposed threshold for inhibition of viral replication. Additional
data on subjects within LUNA on dolutegravir-based treatment will be available shortly.
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Summary
Background
Challenges in treating HIV-infected children worldwide include procurement of multiple
regimens, poor palatability and complex/large pill burdens. Dolutegravir once-daily-based
regimens are currently being adopted in adults globally. Paediatric doses approved by stringent regulatory authorities (SRA), 25 mg film-coated tablets (FCT) for children 20 to <30 kg
and 35 mg (25 mg plus 10 mg FCTs) for 30 to <40 kg, require formulations not available
in low-resource settings. Nested pharmacokinetic (PK) substudies were undertaken in the
dolutegravir-arm of the ODYSSEY trial (NCT02259127) to evaluate simplified dosing in
children.

Methods
HIV-infected children weighing 20 to <40 kg underwent steady-state 24 h dolutegravir
plasma concentration-time PK profiling. Children 20 to <25 kg were taking 25 mg FCT,
adult 50 mg FCT or 30 mg dispersible tablets (DT; bioequivalent to 50 mg FCT in adults). In
children 25 to <40 kg, SRA-approved 25 mg FCT or 35 mg FCT and adult 50 mg FCT were
assessed within-subject in at least 8 children per weightband and per dolutegravir dose.
Target dolutegravir trough concentrations (Ctrough) were based on reference adult PK data
and safety was evaluated.

Findings
62 black-African children aged 6 to <18 years were enrolled (84 PK profiles). In children
20 to <25 kg, 25 to <30 kg and 30 to <40 kg SRA-approved 25 mg, 25 mg and 35 mg
resulted in geometric mean (GM), with coefficient of variation (CV%), Ctrough of 0.32 (94),
0.39(48), and 0.46 (63) mg/L, respectively; 61%, 54% and 45% lower than adult GM
Ctrough on once-daily dolutegravir. On 50 mg FCT or 30 mg DT GM Ctrough was close to the
adult reference, with total exposure (AUC0-24) in between reference values in adults dosed
once and twice-daily (where safety data are reassuring), although maximum concentrations (Cmax) were higher in those 20 to <25 kg than the twice-daily adult reference. Over 24
week follow-up in 47 children on 30 mg DT or 50 mg FCT, three grade III/IV adverse events
were reported (one SAE), none considered related to dolutegravir.

Interpretation
Adult 50 mg FCT once-daily dolutegravir provides appropriate PK profiles in children ≥20
kg, with no safety signal, allowing practical dosing and rapid access to dolutegravir. WHO
has released new paediatric dosing guidelines in response to these results.
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IntRoDUCtIon
Worldwide approximately 1.7 million children aged <15 years old are living with human
immunodeficiency virus (HIV) and ~160,000 children newly acquired HIV in 20181; ~90%
live in sub-Saharan Africa.1,2 These children are all in need of life-long antiretroviral therapy
(ART) to inhibit viral replication, prevent HIV-related morbidity and mortality and transmission of the virus to others.3,4 However, in 2018, only an estimated 56% of HIV-infected
children had access to ART,1 and treatment outcomes in children and adolescents were
consistently worse than in adults.

5

Endorsed by recently updated WHO guidelines6, a

number of countries are rolling out the integrase strand transfer inhibitor dolutegravir
as preferred third ART agent combined with two nucleoside reverse transcriptase inhibitors (NRTIs) for first-line treatment.7,8 In adults, dolutegravir is highly effective in rapidly
reducing HIV-1 RNA viral load and has a high barrier to development of resistance. In
addition, dolutegravir has a favourable safety profile with few drug-drug interactions.9-11
ART regimens including dolutegravir (50 mg) are low-cost, well-tolerated and already
available in high, low and middle income countries (LMICs).8,12 A key WHO principle for
treatment optimization is harmonisation across populations and for this dolutegravir is the
strategically preferred choice in the longterm.6
For children in LMICs, optimized treatment options lag behind adults.13,14 Based on results
to date from the IMPAACT P1093, a paediatric phase I/II dose-finding trial,15-17 stringent
regulatory authorities (SRA) have approved the adult dolutegravir 50 mg FCT for adolescents aged 12 years and older, weighing ≥40 kg. In younger children both the U.S. Food
and Drug Administration (FDA) and the European Medicines Agency (EMA) registered
dolutegravir 35 mg daily, given as one 25 mg FCT plus one 10 mg FCT, for children weighing 30 kg to less than 40 kg. Additionally, EMA registered 25 mg FCT given once-daily
for children weighing 20 to less than 30 kg, whereas the FDA did not.18-20 The paediatric
dolutegravir formulations recommended above are not available in most LMICs and the
dosing recommendations are impractical for country programs, because they require both
25 mg and 10 mg paediatric dolutegravir FCTs. This is challenging for procurement by
country programs as the paediatric antiretroviral market is small and fragmented, and
stock outs in lower level health facilities are frequent.21 In addition, the youngest children
weighing <20 kg will require yet another (dispersible) formulation.22,23 Finally, complex
regimens with two different strength formulations of the same drug have the potential to
cause confusion to both healthcare workers and care-givers.24
Currently, in the absence of approved dolutegravir dosing for infants and children, options
for first-line ART regimens are not ideal and there are no good options for second-line
treatment for children failing lopinavir/ritonavir-based ART. Simplified and pragmatic dos121
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ing with an alternative robust and tolerable antiretroviral agent, such as dolutegravir, is
therefore urgently required for both first- and second-line treatment for children.
Within the phase II/III paediatric ODYSSEY trial (ClinicalTrials.gov #NCT02259127), nested
pharmacokinetic (PK) substudies were undertaken to evaluate the PK and safety for a
practical paediatric dolutegravir dosing approach, according to WHO weightbands and
using a minimal number of formulations and doses. Here we present the results of three
intensive PK substudies in HIV-infected children weighing 20 to <40 kg.

Methods
Study design and participants
ODYSSEY is an open-label, multicentre, randomised, non-inferiority, phase II/III trial evaluating efficacy and safety of dolutegravir plus two NRTIs versus standard-of-care over 96
weeks follow-up in 700 HIV-infected children (<18 years old) starting first- or second-line
ART in Africa, Europe and Thailand. PK substudies were conducted in four ODYSSEY sites
in Uganda and Zimbabwe and approved by local ethics committees.
The PK substudy for children weighing 25 to <40 kg was designed as within-subject,
2-period, fixed-order PK study. A child first completed 24 hours intensive PK sampling on
the approved paediatric dolutegravir dose of 25 mg FCT in weight band 25 to <30 kg or
35 mg (given as one 10 mg and one 25 mg FCT) in weight band 30 to <40 kg. The second
24 hours PK profile was taken at least one week later after switch to a daily 50 mg FCT.
In a parallel PK substudy, children weighing 20 to <25 kg underwent 24 h intensive PK
profiling on the SRA-approved paediatric dose of 25 mg once-daily (FCT) (part I). Following
review of the results, a subsequent substudy (part II) was undertaken (enrolling primarily
other children weighing 20 to <25 kg because children initially recruited in this weightband
had gained weight and moved out of the weightband) investigating dolutegravir exposures
on higher doses: 50 mg FCT or 30 mg DT (given as six 5 mg DTs) once-daily (formulation
was allocated by site).
Carers (and children where appropriate) were asked for additional informed consent to
participate in the PK substudies until at least 8 children per weight band (20 to <25 kg, 25
to <30 kg and 30 to <40 kg), dose, and formulation, had evaluable PK results. Children
with illnesses that could affect PK results (i.e. severe diarrhoea, vomiting, renal or liver
disease), severely malnourished or taking concomitant medication known to have drugdrug interactions with dolutegravir were not eligible for inclusion.
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Procedures
Children enrolled in the PK substudies attended study visits following the main ODYSSEY
trial protocol (12-weekly after week 4). Participants who increased their dose to 30 mg DT
or 50 mg FCT were required to have additional safety visits 2, 4 and 12 weeks after changing to the higher dose. At each visit, a clinical assessment was undertaken and bloods collected to assess haematology and biochemistry safety parameters. Serious adverse events
(defined according to ICH GCP), grade 3 and 4 clinical and laboratory events and events
resulting in modification of ART (any grade) were ascertained.
Children attended their PK study visit day at least 7 days after starting the examined dolutegravir PK dose to achieve steady-state. Medication adherence during the last 3 days
prior to the PK day was ascertained to ensure that none of the doses had been missed. On
PK days, to construct a dolutegravir plasma concentration-time profile, blood samples of 2
mL were taken at t=0 (predose) and 1, 2, 3, 4, 6 and 24 hours after observed dolutegravir
intake with 100 mL water. Participants fasted for a minimum of 3 hours prior to dolutegravir intake, although an overnight fast was preferred. DTs were dispersed in a small amount
of water and immediately taken followed by intake of additional water up to a volume of
100 mL. No medications, other than NRTIs, were allowed within 2 hours after dolutegravir
intake. Children fasted 2 hours after dolutegravir intake before having a light breakfast
(~250 kcal). During PK days all food was provided at set times.
Blood samples were refrigerated within 10 minutes and centrifuged within 24 hours of
collection. Plasma was separated and stored at -80 °C until shipping to the laboratory of
the Department of Pharmacy at the Radboud University Medical Center (Nijmegen, The
Netherlands) for quantification with a validated liquid chromatography-mass spectrometry
(LC-MS/MS) bioanalytical quantification method (lower limit of quantification of 0.01
mg/L).25

statistical Analysis
All participants consenting to inclusion in the PK substudies were included in the safety
analyses. For the PK analyses, haemolytic samples were considered non-evaluable and
PK profiles were excluded if treatment non-adherence (based on abnormal dolutegravir
concentrations arbitrarily predefined as a pre-dose concentration (C0) >15 times below the
concentration 24 hours after observed drug intake (Ctrough)) was likely, if protocol violations
had occurred, or if concomitant medications known to affect dolutegravir drug levels had
been used.
Phoenix WinNonlin 64® version 8.1 (Certera®, Inc., Princeton, USA) was used for noncompartmental analysis and calculation of summary PK statistics for dolutegravir PK
123
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parameters; Ctrough, C0, area under the concentration-time curve over the dosing interval
(AUC0-24h), maximum plasma concentration (Cmax), apparent elimination half-life (T1/2),
apparent oral clearance (CL/F) and volume of distribution (Vd/F). Cmax and the time to
the maximum plasma concentration (Tmax) were obtained directly from the observed
concentration-time data.
Our aim was to achieve PK parameters comparable to historical values for approved adult
dolutegravir dosing. In particular we aimed for similar geometric mean (GM) Ctrough to adult
GM Ctrough on 50 mg once-daily dolutegravir under fasted conditions. Dolutegravir Ctrough
was considered as the main PK target as this PK parameter correlates best with virological
decline and is the best predictor of antiviral response.26,27 PK results were also compared to
historical adult PK reference data on dolutegravir 50 mg twice-daily, as this is the highest
approved dose that has a reassuring safety profile (Table 2). Additionally, we considered
the proportion of individuals with Ctrough levels <0.32 mg/L, which equals the dolutegravir
EC90, the effective concentration at which 90% of maximal viral inhibition is achieved.27
Data on HIV-1 RNA viral loads were not available for this analysis as virological failure is
a component of the primary endpoint in the main ODYSSEY trial, which is still ongoing.
For estimation of GM Ratios (GMRs) and 90% confidence intervals (Cis) for paired and
non-paired PK data on different dolutegravir doses a linear mixed-model (with dose as a
fixed-effect and including a random effect for participant) was used on log transformed PK
parameters with IBM SPSS Statistics Software, version 25. GMRs and 90% CIs were used to
assess dose-proportionality for log transformed and dose normalised PK parameters (AUC024h and Cmax) for adult 50 mg FCT doses versus SRA-approved doses. In weight band 20 to
<25 kg, bioequivalence for adult 50 mg FCT versus paediatric 30 mg DTs was tested. In

both situations the standard SRA-acknowledged 0.80-1.25% equivalence limits were used
to decide whether dose-linearity or bioequivalence was demonstrated following criteria as
defined by Williams et al.28
All children consenting to inclusion in a PK substudy contributed safety data from the start
of each PK dose for 24 weeks or to last follow-up visit, whichever was earlier; no participant
commenced a second PK dose prior to completing 24 weeks on the first PK dose with the
exception of children weighing 25 to <40 kg crossing over from the SRA-approved doses
to 50 mg FCT, where follow-up could be shorter. As part of the ODYSSEY trial, all reported
adverse events were reviewed by an independent endpoint review committee who were
blinded to trial arm (third agent of ART regimen). Safety analyses were done with STATA
software, version 15.0. An independent data monitoring committee reviewed conduct, PK
and safety data from these substudies.
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ResULts
Sixty two black-African children, aged 6 to <18 years, were enrolled from Uganda and Zimbabwe between September 2016 and May 2018 and are included in the safety population.
Most children (33/45 (73%)) had no dolutegravir intake prior to starting the SRA-approved
doses of 25 mg FCT and 35 mg FCT; in contrast median (range) prior DTG intake in children
starting 30 mg DTs or 50 mg FCT was 33 (2-61) weeks (Table 1).
table 1. Patient demographics and characteristics at time of dose initiation.
20 to <25 kg (n=34)

25 to <30 kg (n=17)
25

50

30 to <40 kg (n=11)

Dose, mg

25

30

50

35

50

Formulation

FCT

DT

FCT

FCT

FCT

No. of children
consenting to
participate

17

10 a

9a

17

11

Ethnicity, blackAfrican

17
(100%)

10
(100%)

9
(100%)

17
(100%)

11
(100%)

Sex, male

9 (53%)

6 (60%)

6 (67%)

13 (76%)

4 (36%)

Age, years

9.5
7.6
9.0
10.4
10.7
(6.9-11.5) (5.8-11.3) (5.9-11.7) (7.2-15.4) (7.5-15.9)

10.9
(9.8-17.7)

11.3
(9.8-17.8)

Weight, kg

30.2
31.0
22.5
21.3
22.0
26.4
27.4
(20.3-25.4) (20.0-22.9) (20.4-24.5) (25.0-28.4) (25.0-30.7b) (28.5c-37.6) (29.9d-38.7)

Prior ART
experience
Receiving First-line
ART

3 (18)

6 (60)

0 (0)

9 (53)

9 (53)

Receiving Secondline ART

14 (82)

4 (40)

9 (100)

8 (47)

8 (47)

Prior DTG exposure,
weeks

0
(0-0)

34.6
47.1
0
(13.9-60.7) (24.6-60.0) (0-35.9)

28.0
(8.0-51.0)

7 (64)

7 (64)

4 (36)

4 (37)

1.0
(0-36.0)

23.0
(2.1-44.0)

Data are expressed as N (%) or median (range). ART, antiretroviral therapy; DT, dispersible tablet; DTG, dolutegravir; FCT, film-coated tablet.
a Two participants in weight band 20 to <25 kg contributed safety data on DTG 25 mg FCT (part I) and subsequently on 50 mg FCT (n=1) or 30 mg DT (n=1) (part II).
b One participant increased in weight at the start of 50 mg FCT to 30.7 kg (previously within 25 to <30 kg,
receiving 25 mg FCT), included in the 25 to <30 kg weight band.
c Two participants started 35 mg FCT while weighing 28.5 and 29.9 kg; included in the 30 to <40 kg weight
band.
d One participant decreased in weight by start of 50 mg FCT to 29.9 kg; included in the 30 to <40 kg weight
band (previously within 30 to <40 kg weight band, receiving 35 mg FCT). By the time of their PK day their
weight had increase to >30 kg.

Across the three PK substudies, 58 out of 62 children were included in the PK population
and contributed 84 PK profiles (Figure 1). Figure 3 depicts mean plasma concentration
versus time profiles for all doses by weight band. In children weighing 20 to <25 kg, 25
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to <30 kg and 30 to <40 kg on SRA-approved paediatric doses of 25 mg FCT, 25 mg FCT
and 35 mg FCTs respectively, GM Ctrough (coefficient of variation (CV), %) estimates were
0.32 (94), 0.39 (48) and 0.46 (63) mg/L; estimates were 61%, 54% and 45% lower,
respectively, than the GM Ctrough of 0.83 (26) mg/L in fasted adults on dolutegravir 50 mg
once-daily (Table 2). Furthermore, on the SRA-approved doses 12/40 (30%) children had

Figure 1. Substudy overview and enrolment across cohorts weighing 20 to <25 kg.
* Two participants in weight band 20 to <25 kg contributed safety data on 25 mg FCT (in part I) and subsequently on 50 mg FCT (n=1) or 30 mg DT (n=1) (in part II).
† Predefined as a Ctrough:C0 ratio >15.
‡
PK day was redone and results were included in PK analysis.

Figure 2. Substudy overview and enrolment across cohort weighing 25 to <40 kg.
* One participant (30.6 kg at PK day) was dosed 25 mg, although slightly out of weight band; included in 25
to <30 kg for PK and safety analyses. One participant (30.7 kg at PK day) was on 35 mg FCT, but was given 25
mg FCT at the PK day only; included in weight band 25 to <30 kg for PK analyses and in weight band 30 to
<40 kg for safety analyses.
† Predefined as a Ctrough:C0 ratio >15.
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23.4
21.9
21.6
27.3
27.9
31.0
31.6
(20.2-24.3) (20.2-22.7) (20.2-24.5) (25.0-30.7c,d) (25.4-30.6c,d) (29.9e-38.2) (30.0-38.5)

Weight on PK day, kg

7.16 (26)

71.4 (26)

0.85 (76)

1.9
(1.3-2.6)

6.34 (27)

63.7 (26)

0 (0%)

0.75 (44)

1.26 (49)

1.7
(1.1-3.7)

3.16 (24)

33.1 (23)

5 (29%)

0.39 (48)

0.53 (59)

18.9
(0.0f-45.9)

27.9
(7.9,50.9)

0.9
(0.8-1.0)

0.63 (49)
0 (0%)

0.51 (97)
0.46 (63)

1.05 (45)
g

3 (33%)
40.3 (35)
3.98 (28)

0 (0%)
58.6 (28)g
5.41 (25)

0.77 (43)

1.9
(1.0-1.9)

14.9ǁ
(2.0-37.6)

1.9
(1.0-5.4)

5.22 (25)

53.5 (32)

1.00 (37)

24.6
(4.0-45.9)

23.1
(2.0-43.9)

30.4
(9.9-52.9)

1.6
(1.3-1.7)

1.1
(0.9-1.2)

1.8
(1.6-2.0)

2.0 (1.0-3.0) 3.0 (2.0-4.0) 2.0 (1.0-3.0) 2.0 (2.0-4.0) 3.0 (2.0-6.0) 3.0 (1.0-4.0) 2.5 (2.0-4.0)

3.20 (40)

Tmax, h

Cmax, mg/L

1 (11%)

4 (29%)
30.0 (41)

0.32 (94)

Ctrough, mg/L

N (%) below EC90

0.49 (80)

C0, mg/L

AUC0-24h, h*mg/L

0.76 (73)

7.5
(1.6-48.0)

Prior exposure to investigated PK
dose on PK day, weeks

2.3
(2.0-2.5)

34.9
48.3
(15.7-57.6) (26.3-63.7)

7.5
(1.6-48.0)

Prior DTG exposure on PK day, weeks

1.4
(1.3-1.5)

1.1
(1.0-1.2)

Dose, mg/kg

11.3
(10.1-17.8)

-

10.8
(7.5-15.9)

10.5
(7.5-15.9)

11.3
(9.9-17.9)

9.1
(6.0-11.7)

10

5.41 (40)
2.0 (0-7.9)

3.34 (16)
2.0 (1.0-4.0)

93.4 (50)

2.72 (70)

3.20 (69)

-

-

-

-

-

43.4 (20)

0.83 (26)

-

-

-

-

10

24b

7.8
(6.8-11.3)

9

16

FCT

50 BID

a

50

Adults ≥ 40
kg31

FCT

9.5
(7.1-11.3)

17

50
FCT

Age on PK day, years

9

35
FCT

50
FCT

9

25
FCT

14

50
FCT

No. of participants with PK profiles

30
DT

25

Adults ≥ 40
kg29

FCT

30 to <40 kg (n=10)

Dose, mg

25 to <30 kg (n=18)

Formulation

20 to <25 kg (n=30)

table 2. Summary of dolutegravir pharmacokinetic parameters in children >20 kg per weight band and historical adult reference PK parameters.
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128
0.83 (41)
9.19 (62)

CL/F, L/h

Vd/F, L

4.33 (25)

0.42 (26)

7.14 (30)

8.48 (28)

0.79 (26)

7.49 (19)
g

0.85 (28)
9.66 (29)i

g

7.94 (27)h

0.76 (23)

8.14 (16)i

7.26 (23)h

25 to <30 kg (n=18)

8.61 (31)j

0.87 (35)

6.85 (17)j

10.1 (29)k

0.93 (32)

7.45 (15)k

30 to <40 kg (n=10)

-

-

12.0 (22)

Adults ≥ 40
kg29

-

-

-

Adults ≥ 40
kg31

Pharmacokinetic parameters are expressed as geometric mean with coefficient of variation (%) and median (range) or n(%) for age, weight, dose (mg/kg), prior DTG exposure,
prior exposure to investigated PK dose, and Tmax, unless indicated otherwise.
BID, twice-daily; DT, dispersible tablet; DTG, dolutegravir; FCT, film-coated tablet; PK, pharmacokinetic.
a Fasted HIV-positive adults.29
b HIV-positive treatment-experienced adults, fed state not specified.31
c One participant received 25 mg FCT while weighting 30.6 kg and was included in 25 to <30 kg weight band. Weight was the same (30.6 kg) on the second PK day on 50
mg FCT, therefore the PK profile was also included in the results for the 25 to <30 kg weight band for their second PK day.
d One participant started on 35 mg FCT, but was accidentally administered 25 mg FCT for their first PK day, weight was 30.7 kg and the PK profile was included in the 25 to
<30 kg weight band for the first PK day. There was no PK profile available on the 50 mg dose. This participant is considered within safety follow-up for the 30 to <40 kg group.
e One participant on 35 mg FCT while weighing 29.9 kg was included in the 30 to <40 kg weight band; weight on the second PK day on DTG 50 mg FCT was 30.1 kg.
f One participant started on 35 mg FCT but was accidentally administered 25 mg FCT only on the PK day (see d footnote above). Exposure to 35 mg FCT prior to PK day was
13.0 weeks. Another participant started on DTG 25 mg while 20 to <25 kg, they only increased to >25 kg the day before the PK day, exposure to 25 mg while 20 to <25 kg
was 3 weeks. The range for prior exposure to the investigated PK dose on the PK day excluding these two participants is 7.9-45.9 weeks.
g n=15
h n=16
i n=12
j n=8
k n=9

7.65 (51)

T1/2, h

20 to <25 kg (n=30)

Table 2. Summary of dolutegravir pharmacokinetic parameters in children >20 kg per weight band and historical adult reference PK parameters (continued).
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individual Ctroughs below 0.32 mg/L, the dolutegravir EC90. In contrast, the adult 50 mg FCT
dose in children 20 to <25 kg, 25 to <30 kg and 30 to <40 kg resulted in GM Ctroughs of
0.75 (44), 0.77 (43) and 0.63 (49), respectively, which were comparable to adult reference
values and no child had a Ctrough below the dolutegravir EC90. The GM Ctrough on 30 mg DTs,
0.76 (73) mg/L, was also comparable to Ctrough on 50 mg once-daily in adults, and only one
child (1/9; 11%) had Ctrough below EC90 (Table 2, Figure 4 and 5).
Total dolutegravir exposure (expressed as AUC0-24h) in children ≥20 kg on 50 mg FCT (or
30 mg DTs in children 20 to <25 kg) was above the historical reference AUC0-24h in adults
on 50 mg once-daily, but did not exceed the historical reference for twice-daily dosing.
However, GM Cmax in children weighing 20 to <25 kg were 17% and 32% higher on 50 mg
FCT and 30 mg DTs, respectively, versus adults on 50 mg twice-daily (Figure 4).
A dose-proportional increase in exposure, based on AUC0-24h and Cmax, was observed for
the 50 mg FCT dose as compared to SRA-approved 25 mg and 35 mg FCTs (Supplementary
materials, Table 1). In addition, bioequivalence for 50 mg FCT versus 30 mg DTs in children
weighing 20 to <25 kg was suggested based on AUC0-24h and Cmax GMRs (90%CI) of 0.89
(0.69-1.16) and 0.88 (0.69-1.13) respectively (Supplementary materials, Table 2).
After follow-up of 24 weeks in all 17 children weighing 20 to <25 kg receiving 25 mg FCT
dose, two asymptomatic neutropenias (grade 3 laboratory adverse events) and one asymptomatic thrombocytopenia with raised liver enzymes (grade 3 laboratory adverse event)
occurred (Table 5). After a median (IQR) follow-up of 19 weeks (15-24) in 17 children
weighing 25 to <30 kg, and 13 weeks (6-23) in 11 children weighing 30 to <40 kg receiving 25 mg FCT and 35 mg FCTs doses respectively, no reportable adverse events occurred.
After a median (IQR) follow-up of 24 weeks (24-24) in 10 children weighing 20 to <25 kg
on the 30 mg DT dose and 24 weeks (24-24) in 9 children weighing 20 to <25 kg on the
50 mg FCT dose, there were no reportable adverse events (Table 3). After follow-up of 24
weeks in all 28 children weighing ≥25 kg on the 50 mg FCT dose, there were 3 reportable
adverse events. These included one serious adverse event (SAE), which was cryptococcal
meningitis (WHO stage 4/DAIDS grade 4), one asymptomatic anaemia (grade 3 laboratory
event) and one asymptomatic neutropenia (grade 3 laboratory event). None of the adverse
events were considered by the reporting clinician and endpoint review committee to be
related to dolutegravir exposure and no events resulted in modification of ART.
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130
1 (1)

Thrombocytopenia and raised liver enzymes

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

223

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

189

24.0
(.24.0-24.0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

304

19.0
(.15.1-24.0)c

FCT

25 mg

0 (0)

1 (1)

0 (0)

1 (1)

0 (0)

0 (0)

1 (1)

408

24.0
(24.0-24.0)d

FCT

50 mg

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

145

13.1
(.6.3-23.0)e

FCT

35 mg

FCT

50 mg

0 (0)

0 (0)

1 (1)

1 (1)

1 (1)g

1 (1)

2 (2)

264

24.0
(24.0-24.0)d

11

30 to <40 kg (n=11)

DT, dispersible tablet; FCT, film-coated tablet; IQR, inter quartile range.
a Two participants in weight band 20 to <25 kg contributed safety data on DTG 25 mg FCT (part I) and subsequently on 50 mg FCT (n=1) or 30 mg DT (n=1) (part II).
b One participant received twice-daily DTG (for use of rifampicin) for the total duration (24 weeks) of safety follow-up for 25 mg FCT dose. No adverse events occurred within
this period.
c Two participants received twice-daily DTG (for use of rifampicin) for the total duration (24 weeks) of safety follow-up for 25 mg FCT dose. No adverse events occurred within
these periods for either participant. During follow-up the protocol required twice-daily dolutegravir (on current dose) until 2 weeks after stopping rifampicin. Rifampicin as a
interacting co-medication was not allowed during the PK evaluations.
d Two participants (1x 30 to <40 kg; 1x 25 to <30 kg) were incorrectly dosed 35 mg FCT and 25 mg FCT for 1 day and 84 days, respectively, while within the safety follow-up
period for 50 mg FCT. No adverse events occurred within this period for either participant.
e One participant weighing 30 to <40 kg was incorrectly administered 25 mg for 1 day (day of PK) while within the safety follow-up period for the 35 mg FCT.
f Grade 3/4 or SAE. No events led to a change in ART and none were considered by an independent Endpoint Review Committee to be related to DTG.
g Serious adverse event.

2 (2)

Neutropenia

3 (3)
0 (0)

Anaemia

(ii) Grade 3/4 Asymptomatic Laboratory Events

0 (0)

3 (3)
0 (0)

Total Adverse Eventsf (number of participants)

(i) Grade 3/4 Clinical Adverse Events

Cryptococcal meningitis

408

24.0
(.24.0-24.0)

24.0
(24.0-24.0)b

FCT

50 mg

30 mg

25 mg
DT

17

FCT

25 to <30 kg (n=17)

10a

9a

20 to <25 kg (n=34)
17

Total Follow-up Time, weeks

Median (IQR) Follow-up Time, weeks

Formulation

Dose, mg

N

Table 3. Summary of adverse events by dolutegravir dose and formulation.
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Figure 3. Dolutegravir mean plasma concentration versus time profiles by weight band and dose.
BID, twice-daily; DT, dispersible tablet; DTG; dolutegravir; FCT, film-coated tablet; QD, once-daily.
Adults reference lines (grey) indicate historical geometric mean Ctrough levels on 50 mg once-daily or twice-daily.

Figure 4. Individual dolutegravir Ctrough, AUC0-24h and Cmax in children weighing 20 to <25 kg (part I and
part II).
Horizontal black lines indicate geometric means per dose. Orange line indicates dolutegravir EC90 and grey
dashed horizontal lines indicate historical geometric mean adult reference values for 50 mg once-daily and
twice-daily doses. * Dispersible tablet
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Figure 5. Individual dolutegravir Ctrough, AUC0-24h and Cmax on the initial dolutegravir dose and after
switch to adult formulation in children weighing 25 to <30 kg (A) and 30 to <40 kg (B).
Orange line indicates dolutegravir EC90 and grey dashed horizontal lines indicate historical geometric mean
adult reference values for 50 mg once-daily and twice-daily doses.

Discussion
ODYSSEY PK substudies presented here demonstrate that once-daily dolutegravir 50 mg
FCT results in higher and appropriate drug exposures compared with currently licensed
doses for children ≥20 kg. In addition, 30 mg DT, evaluated in children weighing 20 to <25
kg, offers a practical alternative for children >20 kg unable to swallow tablets. Safety was
not a concern for any of the doses studied.
An accepted approach to providing evidence supporting the use of drugs in children is
to determine a paediatric dose which demonstrates drug exposure sufficiently similar
to the exposure that is effective and safe in adults.29 It is generally recognised that for
dolutegravir, Ctrough should be targeted above the other PK parameters as a previous PK
subanalysis within pivotal dolutegravir studies showed that minimum plasma concentrations correlated with reduction in HIV-1 viral load

27

and with virological outcomes after

10,26

Our results show that GM trough concentrations in children
48 weeks of treatment.
20 to <40 kg on licensed dolutegravir FCT were substantially lower compared to historical
reference values in adults on dolutegravir 50 mg once-daily.27 On the increased doses (50
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mg FCT for 20 to <40 kg and 3 0 mg DT for 20 to <25 kg) Ctrough levels were comparable
to the adult references.
Paediatric dolutegravir doses were licensed based on PK and safety data from the ongoing
phase I/II dose-finding IMPAACT P1093 trial, evaluating safety, tolerability and PK for ageappropriate dolutegravir formulations. The 25 mg FCT dose in children weighing 20 to <30
kg was exclusively licensed by the EMA. Intensive PK sampling within the IMPAACT P1093
trial demonstrated GM Ctrough levels (0.93 mg/L) to be similar to adults in children aged 6 to
<12 years on FCTs (weight-based dosing of approximately 1 mg/kg; 50 mg in >40 kg (n=5),
35 mg in 30 to <40 kg (n=2) and 25 mg in 20 to <30 kg (n=4)). However, a subanalysis by
the FDA revealed lower GM Ctrough (0.53 mg/L) in children of 20 to <30 kg (n=4) compared
to the adult reference26, and therefore the FDA restricted licensing of dolutegravir only to
children ≥30 kg.
The minimal dolutegravir trough level to attain optimal viral inhibition in vivo is not fully
elucidated yet. Although the in-vitro protein adjusted minimal inhibitory concentration
(IC90) for dolutegravir was established at 0.064 mg/L30, the in-vivo EC90 derived from data
by Min et al. was approximately 0.32 mg/L.27 In addition, within a phase IIb dose-ranging
trial, the GM Ctrough in adults on the lowest dolutegravir dose tested (10 mg FCT once-daily)
was 0.30 mg/L, which resulted in sustained virological response rates after 96-weeks of
treatment (79% with plasma HIV-1 RNA <50 copies/mL). No dose-related toxicities were
identified and the 50 mg dose was subsequently chosen because of robustness against
missed doses and possible reductions in drug exposure caused by drug-drug interactions.31,32 With a conservative approach, considering 0.32 mg/L as minimum Ctrough target,
our results suggest that the currently approved paediatric dolutegravir doses may result in
low Ctrough in around one third of children on 25 mg or 35 mg FCT; in contrast only one of
35 children had low Ctrough on the adult 50 mg FCT.
A possible explanation for children requiring relatively high doses to achieve similar trough
levels compared to adults is higher drug clearance. In children and young adolescents,
dolutegravir plasma clearance per kilogram body weight exceeds adult clearance which
could be the most likely explanation for the higher mg/kg dose required in children.33
Of note, there is an increase in dolutegravir exposure when it is administered with food. In
adult healthy volunteers, dolutegravir Ctrough increased from 0.75 mg/L after fasted intake
to 1.30 mg/L after intake with a high fat meal.34 In the ODYSSEY trial, PK were studied
under fasted conditions in order to compare with historical data on fasted adults. In reallife settings, dolutegravir levels might therefore be higher in non-fasting adults and so the
levels in this study represent the lowest likely scenario for dolutegravir trough levels.
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Important for interpretation of our data is the absence of a clear relationship so far between dolutegravir plasma concentration and toxicity.26,35 Adults with virological resistance
against first generation integrase inhibitors receiving dolutegravir 50 mg twice-daily for
a median of one year had a reassuring safety profile which was comparable to adults on
once-daily dolutegravir.36-38 In our PK studies children weighing 20 to <40 kg on increased
doses of dolutegravir of 50 mg FCT and 30 mg DT had GM AUC0-24h in between reference
values in adults on once-daily and twice-daily dolutegravir. Although GM Cmax in children
weighing 20 to <25 kg on 50 mg FCT and 30 mg DT exceeded the reference parameters in
adults on twice-daily dolutegravir, safety data are reassuring. Over a total follow-up of 20.5
patient-years in 47 children on the 50 mg FCT or 30 mg DT, none of the 3 reported adverse
events were considered to be related to dolutegravir, and none were in the children weighing 20 to <25 kg. Based on the results of these studies, and after review of data by the
Independent Data Monitoring Committee and the Trial Steering Committee, children in the
main ODYSSEY trial weighing ≥20 kg have been switched to dolutegravir 50 mg FCT and
safety and efficacy data collection is ongoing.
The use of the adult 50 mg FCT, which is currently the only formulation of single-entity
dolutegravir available in LMICs, will greatly accelerate timely access to dolutegravir for
children living with HIV. Supplies for adults are also less prone to stock-outs.39 The 50
mg dose aligns with SRA-approved adult dosing of several ART backbone components
for children; for instance with co-formulated tenofovir alafenamide/emtricitabine (25/200
mg) in children ≥35 kg (EMA) and ≥25 kg (FDA)40,41, with abacavir/lamivudine (600/300
mg) for children ≥25 kg

42

, or tenofovir DF/lamivudine (300/300 mg) for children ≥35

kg. This opens access for children to adult single tablet regimens (STR), such as abacavir/
lamivudine/dolutegravir 600/300/50 mg, tenofovir DF/lamivudine/dolutegravir 300/300/50
mg, as well as tenofovir alafenamide/emtricitabine/dolutegravir 25/200/50 mg which has
recently received a tentative approval by FDA.43 The latter two STRs are produced by generic companies and are expected to be widely available in low resource settings.8 A single
entity adult dolutegravir 50 mg FCT is already procured for adults requiring twice-daily
dolutegravir for treatment of tuberculosis and integrase-resistant HIV, and therefore will be
available for children ≥20 kg.
Our data on the dispersible formulation of 30 mg provide dosing information for children
≥20 kg who are unable to swallow FCT and adds to the safety data for dolutegravir 50 mg
FCT, as the 30 mg DT dose and the 50 mg FCT have approximately equivalent bioavailability. Further PK studies evaluating dosing with dolutegravir 5 mg DTs are ongoing in both
IMPAACT P1093 and ODYSSEY and will inform dosing in children <20 kg. Dolutegravir
scored 10 mg DTs are expected to be available from generic companies in 2020-2021
providing an alternative to lopinavir/ritonavir-based treatment for young children in LMIC.
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This should help to provide harmonised and practical treatment options for adults and
children and optimal procurement for programs in LMICs.
The results of the ODYSSEY PK and safety substudies in children 20 to <40 kg were expectantly waited by paediatric clinical and policy communities, and have already informed the
recently updated WHO paediatric dosing recommendations.22
In conclusion, adult dolutegravir 50 mg FCT given once-daily provides adequate PK profiles
in children ≥20 kg with no safety signal. The use of adult dolutegravir formulations will
allow practical dosing and rapid access to dolutegravir for children as well as alignment
with adult WHO-preferred ART regimens in LMICs.

ReseARCH Into ConteXt
evidence before this study

7

Dolutegravir-based antiretroviral treatment (ART) is being adopted in adults globally as it offers better tolerability, fewer adverse drug reactions, fewer drug-drug
interactions and a higher genetic barrier to resistance than other available ART
options; dolutegravir is also low-cost for low- and middle-income countries (LMIC).
Currently, updated WHO guidelines recommend dolutegravir-based ART as preferred first-line regimen for adults living with HIV initiating ART, however availability
and dosing of dolutegravir in children is lagging behind. We searched PubMed
for clinical trials, pharmacokinetic or cohort studies of dolutegravir in paediatric
populations (>5 years of age) using “(pediatric OR paediatric OR children OR adolescents) AND dolutegravir” and relevant conference abstracts up to June, 2019.
This search produced 7 articles and two conference abstracts on dolutegravir use
in paediatric populations.
Two articles and two abstracts were from the ongoing phase I/II paediatric dosefinding trial (IMPAACT p1093), which uses an age-staggered approach to investigate
safety and pharmacokinetics (PK) for age-appropriate dolutegravir formulations in
children aged 4 weeks to <18 years. The IMPAACT p1093 trial reported intensive
PK results, 144-week safety results in children ≥12 years (n=23) and 48-week safety
results in children 6 to <12 years (n=23). Based on the results from this trial, dolutegravir doses for children ≥6 years of age weighing ≥30 kg and ≥15 kg were licensed
by the stringent regulatory authorities (SRAs), the FDA and the EMA, respectively.
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The recommended dosing for children younger than 12 years weighing less than
40 kg is complex, requiring different paediatric formulations within some weight
bands, and there is no alignment for recommended dosing between the FDA and
the EMA for children 15 to <30 kg.
Five small observational retrospective European cohort studies evaluated safety
and efficacy of dolutegravir in adolescents; one of these also evaluated safety and
efficacy in children and young people from 5 to <12 years of age (N=33). Observational studies demonstrate high viral suppression rates for dolutegravir-based
ART in adolescents who are adherent to their ART with only a limited number of
reported side-effects. Data from real-life cohorts in younger children, aged 5 to <
12 years, using dolutegravir doses of 20 mg, 25 mg or 35 mg are limited.

Added value of this study
We nested PK substudies in the ODYSSEY phase II/III randomised controlled trial
(ClinicalTrials.gov #NCT02259127) aiming to simplify dolutegravir dosing for children using WHO weight bands which are almost universally used in low-income
settings. We evaluated PK and safety by weight band of once-daily dolutegravir
dosing using paediatric 10 mg and 25 mg film-coated tablet (FCT) at the doses
approved by SRAs and simplified dosing with adult 50 mg FCT in children ≥20 kg, as
well as dolutegravir 5 mg dispersible tablets (DT) in children 20-<25 kg. The latter is
an important alternative option for children unable to swallow adult tablets.
Sixty two children aged 6 to <18 years in Uganda and Zimbabwe contributed 84
PK profiles and safety data. The PK results showed that dolutegravir exposures on
the currently approved doses are lower than adult reference values while once-daily
adult dolutegravir 50 mg FCTs in children ≥20 kg and 30 mg DT in children 20-<25
kg provide adequate PK profiles with no adverse safety signals.

Implications of all the available evidence
The results of these PK studies will allow implementation of simplified and readily
available dolutegravir-based ART for children ≥20 kg using adult tablets. This will
enable alignment with adult WHO-preferred ART regimens in LMIC. Based on the
presented evidence, WHO has included the option of adult dolutegravir FCTs for
children weighing above 20 kg in their updated 2019 guidelines.

136

Simplified dolutegravir dosing for children

Contributors
PDJB, CLM, AC, DF, DMG, AT and DMB conceived and drafted the manuscript. All authors
made crucial revisions to and approved the final manuscript.

Declaration of interests
DMB has received payments for serving on advisory board of ViiV Healthcare and research
funding for Radboudumc Institute for Health Sciences from this company. All other authors
declare that they have no competing interests.

Acknowledgments
We thank the participants of the ODYSSEY-trial and their families, the principal investigators
and their staff at all the centres participating in the ODYSSEY trial, and the technicians of
the Department of Pharmacy of Radboudumc. Some data from this study were presented
at HIV Pediatrics workshop 2018 and the Conference on Retroviruses and Opportunistic
Infections (CROI) 2019.

Funding
The ODYSSEY trial is sponsored by the Paediatric European Network for Treatment of AIDS
(PENTA) Foundation. The MRC Clinical Trials Unit at UCL receives core support from the
UK Medical Research Council (grant number MC_UU_12023/26). The PENTA Foundation
provides support to sites in Europe. This study received funding from ViiV Healthcare who
had no direct role in the writing of the manuscript or decision to submit it for publication.

137

7

Chapter 7

ODYSSEY TRIAL TEAM
The ODYSSEY Trial Team consists of: (MRC CTU) Diana M. Gibb, Deborah Ford, Abdel
Babiker, Anna Turkova, Anna Parker, Helen Wilkes, Nasir Jamil, Tasmin Phillips, Margaret
Thomason, Samuel Montero, Joanna Calvert, Karen Scott, Joshua Gasa, Moira Spyer,
Kaya Widuch, Reena Patel, Sarah Lensen, Shabinah Ali, Ben Wynne, Nadine Van Looy,
Chiara Borg, Emma Little, Rebecca Turner, Cecilia L. Moore. (PENTA-ID) Carlo Giaquinto,
Tiziana Grossele, Daniel Gomez-Pena, Davide Bilardi, Giulio Becchia. (INSERM-ANRS)
Alexandra Compagnucci, Yacine Saidi, Yoann Riault, Alexandra Coelho, Laura Picault,
Christelle Kouakam. (PHPT) Tim R. Cressey, Suwalai Chalermpantmetagul, Dujrudee Chinwong, Gonzague Jourdain, Rukchanok Peongjakta, Pra-ornsuda Sukrakanchana, Wasna
Sirirungsi. (Sub-study Partners) Janet Seeley, Sarah Bernays, Magda Conway, Nigel Klein,
Eleni Nastouli, Anita De Rossi, Maria Angeles Munoz Fernandez, David Burger, Pauline
Bollen, Angela Colbers, Hylke Waalewijn. (Joint Clinical Research Centre, Uganda) Cissy
M. Kityo, Victor Musiime, Elizabeth Kaudha, Annet Nanduudu, Emmanuel Mujyambere,
Paul Ocitti Labeja, Charity Nankunda, Juliet Ategeka, Peter Erim, Collin Makanga, Esther
Nambi, Abbas Lugemwa, Lorna Atwine, Edridah Keminyeto, Deogratiuos Tukwasibwe,
Shafic Makumbi, Emily Ninsiima, Mercy Tukamushaba, Rogers Ankunda, Ian Natuhurira,
Miriam Kasozi, Baker Rubinga. (Baylor College of Medicine Children’s Foundation, Uganda)
Adeodata R. Kekitiinwa, Pauline Amuge, Dickson Bbuye, Justine Nalubwama, Winnie
Akobye, Muzamil Nsibuka Kisekka, Anthony Kirabira, Gloria Ninsiima, Sylvia Namanda,
Gerald Agaba, Immaculate Nagawa, Annet Nalugo, Florence Namuli, Rose Kadhuba,
Rachael Namuddu, Lameck Kiyimba, Angella Baita, Eunice Atim, Olivia Kobusingye, Clementine Namajja, Africanus Byaruhanga, Rogers Besigye, Herbert Murungi, Geoffrey Onen.
(MUJHU Research Collaboration, Uganda) Philippa Musoke, Linda Barlow-Mosha, Grace
Ahimbisibwe, Rose Namwanje, Monica Etima, Mark Ssenyonga, Robert Serunjogi, Hajira
Kataike, Richard Isabirye, David Balamusani, Monica Nolan. (FAM-CRU, South Africa) Mark
F. Cotton, Anita Janse van Rensburg, Marlize Smuts, Catherine Andrea, Sumaya Dadan
Sonja Pieterse, Vinesh Jaeven, Candice Makola, George Fourie, Kurt Smith, Els Dobbels,
Peter Zuidewind, Hesti Van Huyssteen, Mornay Isaacs, Georgina Nentsa, Thabis Ncgaba,
Candice MacDonald, Mandisa Mtshagi, Maria Bester, Wilma Orange, Ronelle Arendze,
Mark Mulder, George Fourie. (PHRU, South Africa) Avy Violari, Nastassja Ramsagar, Afaaf
Liberty, Ruth Mathiba, Lindiwe Maseko, Nakata Kekane, Busi Khumlo, Mirriam Khunene,
Noshalaza Sbisi, Jackie Brown, Ryphina Madonsela, Nokuthula Mbadaliga, Zaakirah Essack, Reshma Lakha, Aasia Vadee, Derusha Frank, Nazim Akoojee, Maletsatsi Monametsi,
Gladness Machache, Yolandie Fourie, Anusha Nanan-kanjee, Juan Erasmus, Angelous
Mamiane, Tseleng Daniel, Fatima Mayat, Nomfundo Maduna, Patsy Baliram. (Prapokklao
Hospital, Thailand) Chaiwat Ngampiyasakul, Pisut Greetanukroh, Wanna Chamjamrat,
Praechadaporn Khannak. (Phayao Hospital, Thailand) Pornchai Techakunakorn, Thitiwat
138

Simplified dolutegravir dosing for children

Thapwai, Patcharee Puangmalai, Ampai Maneekaew. (Chiangrai Prachanukroh Hospital,
Thailand) Pradthana Ounchanum, Yupawan Thaweesombat, Areerat Kongponoi, Jutarat
Thewsoongnoen. (Nakornping Hospital, Thailand) Suparat Kanjanavanit, Pacharaporn
Yingyong, Thida Namwong, Rangwit Junkaew. (Khon Kaen Hospital, Thailand) Ussanee
Srirompotong, Patamawadee Sudsaard, Siripun Nuanbuddee, Sookpanee Wimonklang.
(Mahasarakam Hospital, Thailand) Sathaporn Na-Rajsima, Suchart_Thongpaen, Pattira
Runarassamee, Watchara Meethaisong, Arttasid Udomvised. (Klerksdorp Tshepong Hospital Complex, South Africa) Ebrahim Variava, Modiehi Rakgokong, Dihedile Scheppers,
Tumelo Moloantoa, Abdul Hamid Kaka, Tshepiso Masienyane, Akshmi Ori, Kgosimang
Mmolawa, Pattamukkil Abraham. (Durban International Clinical Research Site, South Africa)
Moherndran Archary, Rejoice Mosia, Sajeeda Mawlana, Rosie Mngqibisa, Rashina Nundlal,
Elishka Singh, Penelope Madlala, Allemah Naidoo, Sphiwee Cebekhulu, Petronelle Casey,
Collin Pillay, Subashinie Sidhoo, Minenhle Chikowore, Lungile Nyantsa, Melisha Nunkoo,
Terence Nair, Enbavani Pillay, Sheleika Singh, Sheroma Rajkumar. (AHRI, South Africa) Osee
Behuhuma, Olivier Koole, Kristien Bird, Nomzamo Buthelezi, Mumsy Mthethwa. (UZCRC,
Zimbabwe) James Hakim, Hilda Mujuru, Kusum Nathoo, Mutsa Bwakura-Dangarembizi,
Ennie Chidziva, Shepherd Mudzingwa, Themelihle Bafana, Colin Warambwa, Godfrey
Musoro, Gloria Tinago, Shirley Mutsai, Columbus Moyo, Ruth Nhema, Misheck Nkalo Phiri,
Stuart Chitongo, Joshua Choga, Joyline Bhiri, Wilber Ishemunyoro, Makhosonke Ndlovu.
(HIVNAT, Thailand) Thanyawee Puthanakit, Naruporn Kasipong, Sararut Chanthaburanun,
Kesdao Nanthapisal, Thidarat Jupimai, Thornthun Noppakaorattanamanee, Torsak Bunupuradah, Wipaporn Natalie Songtaweesin, Chutima Saisaengjan. (European Site Investigators) Stephan Schultze-Straber, Christoph Konigs, Robin Kobbe, Felicia Mantkowski, Steve
Welch, Jacqui Daglish, Laura Thrasyvoulou, Delane Singadia, Sophie Foxall, Judith Acero,
Gosia Pasko-Szcech, Jacquie Flynn, Gareth Tudor-Williams, Farhana Abdulla, Srini Bandi,
Jin Li, Sean O’Riordan, Dominique Barker, Richard Vowden, Colin Ball Eniola Nsirim, Kathleen McClughlin, India Garcia, Pablo Rojo Conejo, Cristina Epalza, Luis Prieto Tato, Maite
Fernandez, Luis Escosa Garcia, Maria José Mellado Peña, Talia Sainz Costa, Claudia Fortuny
Guasch, Antoni Noguera Julian, Carolina Estepa, Elena Bruno, Alba Murciano Cabeza,
Maria Angeles Muñoz Fernandez, Paula Palau, Laura Marques, Carla Teixeira, Alexandre
Fernandes, Rosita Nunes, Helena Nascimento, Andreia Padrao, Joana Tuna, Helena Ramos,
Ana Constança Mendes, Helena Pinheiro, Ana Cristina Matos. (Local Site Monitors) Flavia
Kyomuhendo, Sarah Nakalanzi, Cynthia Mukisa Williams, Ntombenhle Ngcobo, Deborah
Pako, Jacky Crisp, Benedictor Dube, Precious Chandiwana, Winnie Gozhora. (Independent
Trial Steering Committee Members) Ian Weller, Elaine Abrams, Tsitsi Apollo, Polly Clayden,
Valériane Leroy. (Independent Data Monitoring Committee Members) Anton Pozniak, Jane
Crawley, Rodolphe Thiébaut, Helen McIlleron. (Endpoint Review Committee Members)
Alasdair Bamford, Hermione Lyall, Andrew Prendergast, Felicity Fitzgerald, Anna Goodman.

139

7

Chapter 7

Data Availability Statement
The ODYSSEY data are held at MRC CTU at UCL, which encourages optimal use of data
by employing a controlled access approach to data sharing, incorporating a transparent
and robust system to review requests and provide secure data access consistent with the
relevant ethics committee approvals. All requests for data are considered and can be initiated by contacting mrcctu.ctuenquiries@ucl.ac.uk.

140

Simplified dolutegravir dosing for children

ReFeRenCes
1.

UNAIDS. Core epidemiology slides. 2019. https://www.unaids.org/en/resources/documents/2019/coreepidemiology-slides (accessed Oct 21 2019).

2.

Hamers RL, Rinke de Wit TF, Holmes CB. HIV drug resistance in low-income and middle-income countries.
Lancet HIV 2018; 5(10): e588-e96.

3.

DHHS. Guidelines for the Use of Antiretroviral Agents in Pediatric HIV Infection (last update July 10, 2019).
http://aidsinfo.nih.gov/contentfiles/lvguidelines/pediatricguidelines.pdf. .

4.

WHO. Updates recommendations on first-line and second-line antiretroviral regimens and post-exposure
prophylaxis and recommendations on early infant diagnosis of HIV. 2018. http://apps.who.int/iris/bitstream/
handle/10665/273632/WHO-CDS-HIV-18.18-eng.pdf?ua=1.

5.

UNAIDS. Start free Stay free AIDS free - 2019 report. 2019. https://www.unaids.org/sites/default/files/
media_asset/20190722_UNAIDS_SFSFAF_2019_en.pdf (accessed Oct 21 2019).

6.

WHO. Updated recommendations on first-line and second-line antiretroviral regimens and post-exposure
prophylaxis and recommendations on early infant diagnosis of HIV: interim guidelines. December, 2018.
https://apps.who.int/iris/bitstream/handle/10665/277395/WHO-CDS-HIV-18.51-eng.pdf?ua=1].

7.

WHO. New high-quality antiretroviral therapy to be launched in South Africa, Kenya and over 90 low- and
middle-income countries at reduced price. 2017. https://www.who.int/hiv/mediacentre/news/high-qualityarv-reduced-price/en/ (accessed May 7 2019).

8.

Clinton Health Access Initiative (CHAI). 2018 HIV market report: The state of the HIV treatment, testing, and
prevention markets in low- and middle-income countries, 2017-2022. 2018; (9).

9.

Walmsley SL, Antela A, Clumeck N, et al. Dolutegravir plus abacavir-lamivudine for the treatment of HIV-1
infection. N Engl J Med 2013; 369(19): 1807-18.

10.

Cahn P, Pozniak AL, Mingrone H, et al. Dolutegravir versus raltegravir in antiretroviral-experienced, integraseinhibitor-naive adults with HIV: week 48 results from the randomised, double-blind, non-inferiority SAILING
study. Lancet 2013; 382(9893): 700-8.

11.

Orrell C, Hagins DP, Belonosova E, et al. Fixed-dose combination dolutegravir, abacavir, and lamivudine versus ritonavir-boosted atazanavir plus tenofovir disoproxil fumarate and emtricitabine in previously untreated
women with HIV-1 infection (ARIA): week 48 results from a randomised, open-label, non-inferiority, phase
3b study. Lancet HIV 2017; 4(12): e536-e46.

12.

WHO. Dolutegravir (DTG) and the fixed dose combination (FDC) of tenofovir/lamivudine/dolutegravir (TLD)
- Briefing note. April 30 2018. https://www.who.int/hiv/pub/arv/DTG-TLD-arv_briefing_2018.pdf?ua=1 (accessed May 7 2019).

13.

Siberry GK, Amzel A, Ramos A, Rivadeneira ED. Impact of Human Immunodeficiency Virus Drug Resistance
on Treatment of Human Immunodeficiency Virus Infection in Children in Low- and Middle-Income Countries.
J Infect Dis 2017; 216(suppl_9): S838-S42.

14.

Penazzato M, Watkins M, Morin S, et al. Catalysing the development and introduction of paediatric drug
formulations for children living with HIV: a new global collaborative framework for action. Lancet HIV 2018;
5(5): e259-e64.

15.

NIH. ClinicalTrials.gov, Safety of and Immune Response to Dolutegravir in HIV-1 Infected Infants, Children,
and Adolescents (IMPAACT P1093). https://clinicaltrials.gov/ct2/show/NCT01302847?term=IMPAACT+P109
3&rank=1 (accessed May 7 2019).

16.

Viani RM, Alvero C, Fenton T, et al. Safety, Pharmacokinetics and Efficacy of Dolutegravir in Treatmentexperienced HIV-1 Infected Adolescents: Forty-eight-week Results from IMPAACT P1093. The Pediatric
infectious disease journal 2015; 34(11): 1207-13.

17.

Viani RM, Ruel T, Alvero C, et al. Long-Term Safety and Efficacy of Dolutegravir in Treatment-Experienced
Adolescents With Human Immunodeficiency Virus Infection: Results of the IMPAACT P1093 Study. J Pediatric Infect Dis Soc 2019.

18.

EMA. Tivicay; Summary of Product Characteristics. May 21, 2019 2014. http://www.ema.europa.eu/docs/
en_GB/document_library/EPAR_-_Product_Information/human/002753/WC500160680.pdf (accessed July
28 2019).

19.

Viani RM, Alvero C, Fenton T, et al. Safety Pharmacokinetics and Efficacy of Dolutegravir in Treatment
Experienced HIV + Children. Conference on Retroviruses and Opportunistic Infections (CROI); March 3-6,
2014; Boston, USA (Poster #901) 2014.

141

7

Chapter 7

20.

Wiznia A, Alvero C, Fenton T, et al. IMPAACT 1093: dolutegravir in 6-12 year old HIV infected children: 48
weeks results. . Conference on Retroviruses and Opportunistic Infections (CROI); February 22-25, 2016;
Boston, USA (Poster #816) 2016.

21.

Hwang B, Shroufi A, Gils T, et al. Stock-outs of antiretroviral and tuberculosis medicines in South Africa: A
national cross-sectional survey. PLoS One 2019; 14(3): e0212405.

22.

WHO. Annex 3. Dosages of ARV drugs for adults and adolescents. Annex to interim guidelines; Updated
recommendations on first-line and second-line antiretroviral regimens and post-exposure prophylaxis and
recommendations on early infant diagnosis of HIV. 2018. https://www.who.int/hiv/pub/guidelines/ARV_
Guidelines-2018-Annex3.pdf?ua=1 (accessed July 28 2019).

23.

Ruel TA, E.P.; Singh, R.P.; Alvero, C.; George, K.; Popson, S.; Bartlett, M.; Buchanan, A.; Brothers, C.; Koech,
L.; Vhembo, T.; Hazra, R.; Townley, E.; Wiznia, A. PK and 4-week outcomes of dolutegravir dispersible tablets
in HIV-infected children Conference on Retroviruses and Opportunistic Infections (CROI); March 4-7, 2019;
Seattle, Washington, USA (Abstract #829) 2019.

24.

Mukui I RB, Mwalili S, Bukusi E, Farquhar C. High prescription error rates amoung children on antiretroviral
therapy in Kenya. Conference on Retroviruses and Opportunistic Infections (CROI); March 4-7, 2019; Seattle,
Washington, USA (Poster #824) 2019.

25.

Bollen PDJ, de Graaff-Teulen MJA, Schalkwijk S, van Erp NP, Burger DM. Development and validation of an
UPLC-MS/MS bioanalytical method for simultaneous quantification of the antiretroviral drugs dolutegravir,
elvitegravir, raltegravir, nevirapine and etravirine in human plasma. J Chromatogr B Analyt Technol Biomed
Life Sci 2019; 1105: 76-84.

26.

U.S. Food and Drug administration (FDA). Clinical pharmacology and biopharmaceutics review. Dolutegravir
(Tivicay). 2013. https://www.accessdata.fda.gov/drugsatfda_docs/nda/2013/204790Orig1s000ClinPharmR.
pdf (accessed May 7 2019).

27.

Min S, Sloan L, DeJesus E, et al. Antiviral activity, safety, and pharmacokinetics/pharmacodynamics of dolutegravir as 10-day monotherapy in HIV-1-infected adults. AIDS 2011; 25(14): 1737-45.

28.

Williams RL, Chen ML, Hauck WW. Equivalence approaches. ClinPharmacolTher 2002; 72(3): 229-37.

29.

FDA. General Clinical Pharmacology Considerations for Pediatric Studies for Drugs and Biological Products
2014. https://www.fda.gov/media/90358/download (accessed June 7 2019).

30.

Kobayashi M, Yoshinaga T, Seki T, et al. In vitro antiretroviral properties of S/GSK1349572, a next-generation
HIV integrase inhibitor. Antimicrob Agents Chemother 2011; 55(2): 813-21.

31.

Stellbrink HJ, Reynes J, Lazzarin A, et al. Dolutegravir in antiretroviral-naive adults with HIV-1: 96-week
results from a randomized dose-ranging study. AIDS 2013; 27(11): 1771-8.

32.

van Lunzen J, Maggiolo F, Arribas JR, et al. Once daily dolutegravir (S/GSK1349572) in combination therapy
in antiretroviral-naive adults with HIV: planned interim 48 week results from SPRING-1, a dose-ranging,
randomised, phase 2b trial. Lancet Infect Dis 2012; 12(2): 111-8.

33.

Anderson BJ, Holford NH. Understanding dosing: children are small adults, neonates are immature children.
Archives of disease in childhood 2013; 98(9): 737-44.

34.

Song I, Borland J, Chen S, et al. Effect of food on the pharmacokinetics of the integrase inhibitor dolutegravir. Antimicrob Agents Chemother 2012; 56(3): 1627-9.

35.

Elliot ER, Wang X, Singh S, et al. Increased Dolutegravir Peak Concentrations in People Living With Human
Immunodeficiency Virus Aged 60 and Over, and Analysis of Sleep Quality and Cognition. Clin Infect Dis
2019; 68(1): 87-95.

36.

Eron JJ, Clotet B, Durant J, et al. Safety and efficacy of dolutegravir in treatment-experienced subjects with
raltegravir-resistant HIV type 1 infection: 24-week results of the VIKING Study. J Infect Dis 2013; 207(5):
740-8.

37.

Castagna A, Maggiolo F, Penco G, et al. Dolutegravir in antiretroviral-experienced patients with raltegravirand/or elvitegravir-resistant HIV-1: 24-week results of the phase III VIKING-3 study. J Infect Dis 2014; 210(3):
354-62.

38.

Akil B, Blick G, Hagins DP, et al. Dolutegravir versus placebo in subjects harbouring HIV-1 with integrase
inhibitor resistance associated substitutions: 48-week results from VIKING-4, a randomized study. Antivir
Ther 2015; 20(3): 343-8.

39.

Shubber Z, Mills EJ, Nachega JB, et al. Patient-Reported Barriers to Adherence to Antiretroviral Therapy: A
Systematic Review and Meta-Analysis. PLoS Med 2016; 13(11): e1002183.

40.

FDA. Prescribin Information Descovy. April 2017 2017. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2017/208215s001lbl.pdf.

142

Simplified dolutegravir dosing for children

41.

Natukunda E, Gaur AH, Kosalaraksa P, et al. Safety, efficacy, and pharmacokinetics of single-tablet elvitegravir, cobicistat, emtricitabine, and tenofovir alafenamide in virologically suppressed, HIV-infected children: a
single-arm, open-label trial. Lancet Child Adolesc Health 2017; 1(1): 27-34.

42.

FDA. Prescribing Information Epzicom March 2017 2017. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2017/021652s022lbl.pdf (accessed Oct 25.

43.

Mylan. Mylan Receives Tentative Approval for Combination HIV Treatment DTG/FTC/TAF Under FDA’s PEPFAR
Program. February 20, 2018. http://newsroom.mylan.com/2018-02-20-Mylan-Receives-Tentative-Approvalfor-Combination-HIV-Treatment-DTG-FTC-TAF-Under-FDAs-PEPFAR-Program (accessed June 7 2019).

7

143

Chapter 7

Supplementary materials
Table 1. Dose proportionality results for adult 50 mg FCT versus 25 mg and 35 mg FCT.
20 to <40 kg (n=50)
Treatment comparison

50 mg FCT vs 25/35 mg FCT

No. included PK profiles

75a

No. within subject comparisons

25a

AUC0-24h / Dose

0.91 (0.85-0.97)

Cmax / Dose

0.89 (0.82-0.96)

Ctrough / Dose

0.98 (0.87-1.10)
b

Dose proportionality

Demonstrated

Data represent geometric mean ratios (GMR) with 90% confidence intervals for dose normalised PK parameters
estimated with linear mixed models including dose group (50 mg or 25/35 mg) as a fixed-effect and a random
effect for participant.
Abbreviations: FCT, film-coated tablet.
a GMR (90% CI) for AUC0-24h and Cmax based on 24 within subject comparisons and 74 PK profiles.
b Dose proportionality is concluded if GMR (90%CI) for AUC0-24h and Cmax are both within the range of 0.801.25.

Table 2. Bioequivalence testing results for adult 50 mg FCT versus 30 mg DT in children weighing 20
to <25 kg.
20-<25 kg (n=18)
Treatment comparison
No. included PK profiles
No. within subject comparisons

50 mg FCT vs 30 mg DT
18
0

Ctrough (mg/L)

0.88 (0.51-1.53)

AUC0-24h (h*mg/L)

0.89 (0.69-1.16)

Cmax (mg/L)

0.88 (0.69-1.13)

Bioequivalencea

Suggested

Data represent geometric mean ratios (GMR) with 90% confidence intervals for PK parameters estimated with
linear mixed models including subject as random effect and dose as fixed-effect.
Abbreviations: FCT, film-coated tablet.
a Bioequivalence is concluded if GMR (90%CI) for AUC0-24h and Cmax is within the range of 0.80-1.25.
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Abstract
Introduction
Children living with HIV who are co-infected with tuberculosis (TB) have limited antiretroviral treatment (ART) options. For HIV/TB co-infected adults on dolutegravir (DTG)-based ART,
the potent inducing effect of rifampicin on metabolising DTG enzymes can be overcome
by twice-daily administration of the standard once-daily DTG dose. This pharmacokinetic
(PK) study was nested within the ODYSSEY randomised controlled trial (#NCT02259127) to
evaluate the DTG double dosing strategy in HIV/TB co-infected children.

Methods
Children aged 6 to <18 years, randomised to the DTG-arm in the ODYSSEY PK sites and
receiving rifampicin-containing anti-TB treatment, were eligible for inclusion in this withinsubject, 2-period, fixed-order PK drug-drug interaction study. First, 12 h PK blood sampling
was conducted on DTG BID in the last month of rifampicin treatment and a second 24 h PK
sampling was done on DTG QD at least 4 weeks after rifampicin was completed. Estimates
for geometric mean ratios (GMRs) with 90% confidence intervals (CIs) were calculated
to compare DTG PK parameters co-administered with and without rifampicin. Individual
Ctrough levels below the minimal effective concentration (EC90, 0.32 mg/L) for DTG were
summed. Serious adverse events, grade 3 and 4 clinical and laboratory events and adverse
events of any grade resulting in ART modification were evaluated from the start of DTG BID
and until 30 days after returning to the DTG QD.

Results
17 African children, median (range) age 11.8 (3.6-15.5), 47% (8/17) male, were enrolled.
Six children had evaluable within-subject PK comparisons; two children on DTG 50 mg BID/
QD and four on DTG 25 mg BID/QD. GMR (90% CIs) estimates for DTG BID with rifampicin
versus DTG QD without rifampicin for Ctrough, AUC0-24h and Cmax were 1.44 (0.75-2.76), 1.02
(0.62-1.68), and 0.87 (0.59-1.27), respectively. Clearance (CL/F) on DTG BID was increased
almost two-fold (GMR; 90% CI, 1.95; 1.19-3.20), along with a 34% reduction in the
elimination half-life. No children on DTG 50 mg BID (while on rifampicin) and one child on
DTG 25 mg QD (without rifampicin) had Ctrough < EC90. After a median (range) follow-up of
38.1 (32.9-45.7) weeks, 6 out of 17 subjects had 10 reportable adverse events. All were
considered unlikely or unrelated to dolutegravir.

Conclusion
Double dosing of dolutegravir administered twice daily was safe and sufficient to overcome
the rifampicin enzyme-inducing effect in HIV/TB co-infected children aged 6-<18 years.
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IntRoDUCtIon
In 2017, an estimated 1 million children became ill with tuberculosis (TB) worldwide.1
Children living with HIV in low and middle income countries (LMICs) are at increased risk
of acquiring TB infection and progression to active TB disease leading to high morbidity
and mortality.1, 2 Access to effective treatments for both HIV and TB is essential to improve
treatment outcomes in this population.
Treatment of HIV/TB co-infections is often complicated by overlapping drug toxicities,
development of immune reconstitution inflammatory syndrome (IRIS) and drug-drug interactions between anti-TB and antiretroviral treatment (ART).2 Rifampicin is an essential component of anti-TB chemotherapy, but also a potent inducer of several drug transporters,
such as P-glycoprotein, and metabolising enzymes like cytochromes P450 (CYP) enzymes
and uridine glucuronosyltranferases (UGT).3 Rifampicin interacts with the antiretroviral
nonnucleoside reverse transcriptase inhibitors, protease inhibitors and integrase inhibitors
leading to significant plasma level reductions for many of the antiretrovirals within these
classes. Co-administration of anti-TB and antiretroviral treatments in children is particularly
challenging as available ART options are limited.4, 5
Dolutegravir-based ART has been recommended as preferred ART for first and second-line
treatment in adults and also in children for whom the dose of DTG is approved (WHO 2019
guidelines). Dolutegravir is primarily metabolised by glucuronidation trough UGT1A1, and
to a lesser extent (<10%) through oxidation by CYP3A4.6 Combination with rifampicin
leads to a significant drop in dolutegravir plasma concentrations.7 In HIV/TB-coinfected
adults, doubling of dolutegravir daily dose (50 mg BID) was shown to overcome rifampicininducing effects and was effective and well-tolerated.8
Pharmacokinetics and pharmacodynamics for many drugs are different in children as
compared to adults because maturation of metabolising enzymes varies with age.9 To
evaluate dolutegravir double dosing strategy in children coinfected with TB and receiving
rifampicin-containing anti-TB treatment, a pharmacokinetic (PK) drug-drug interaction
study was nested within the phase II/III ODYSSEY–trial.

MetHoDs
study design and participants
The ODYSSEY trial (ClinicalTrials.gov #NCT02259127) is a phase II/III, non-inferiority trial evaluating efficacy and safety of dolutegravir plus two non-nucleoside reverse transcriptase inhibitors
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(NRTIs) versus standard-of-care in 700 HIV-positive children (<18 years old) starting first- or
second-line antiretroviral therapy (ART) in Africa, Europe and Thailand. The nested TB-PK substudy included children, aged ≥ 6 years old, randomized to dolutegravir-based ART who used
rifampicin as part of their drug-sensitive TB treatment. The TB-PK substudy was a within-subject,
2-period, fixed-order PK interaction study which aimed to compare dolutegravir plasma levels
on twice daily dolutegravir co-administered with rifampicin (DTG BID+RIF) versus once daily dolutegravir without rifampicin (DTG QD). The substudy was conducted at the ODYSSEY PK sites
in Uganda, Zimbabwe and South Africa and approved by ethics committees in these countries.
Additional informed consent for participation in this PK substudy was obtained. Children who
suffered from severe acute malnutrition and illnesses that could affect drug absorption (i.e.
severe diarrhoea or vomiting) or who used co-medications known to have relevant drug-drug
interactions with dolutegravir or rifampicin were excluded from trial participation.

Procedures
To assess the effect of rifampicin on dolutegravir pharmacokinetics, the first intensive 12h
PK blood sampling was conducted in children on twice daily dolutegravir dosing in the last
month of rifampicin-containing anti-TB treatment , and the second intensive 24h PK sampling
was done four weeks post rifampicin discontinuation and two weeks after returning to once
daily dolutegravir dosing (Figure 1). Twice daily dolutegravir was switched to once daily two
weeks after stopping rifampicin, because rifampicin induction of drug metabolising enzymes
persists for approximately two weeks after its discontinuation. Dolutegravir was given as 10
mg, 25 mg or 50 mg film-coated tablets – or a combination of these - and were provided by
ViiV Healthcare (UK Limited, United Kingdom). During the life of the ODYSSEY trial dolutegravir doses were increased for children 14 to <40 kg following the results of weight band PK
substudies (Supplementary material, Table 1). Children received treatment for drug-sensitive
TB as per WHO and their country guidelines. Children weighing <25 kg used new WHOapproved paediatric dispersible fixed dose combination tablets (FDC) of rifampicin/isoniazid/
pyrazinamide 75/50/150 mg with or without 100 mg ethambutol tablets (RHZ / RHZE) in the
intensive phase and rifampicin/isoniazid 75/50 mg FDCs (RH) in the continuation phase.10
Children weighing ≥25 kg received adult tablets, with maximum rifampicin doses of 600 mg/
day. Where available, cultures were tested for drug sensitivity to first-line anti-TB drugs and
regimens were modified on the basis of these results.
Both 12h and 24h PK days started early in the morning and children fasted for at least 3
hours, although an overnight fast was preferred. Dolutegravir plasma levels were collected
in EDTA tubes at t=0 (predose) and 1, 2, 3, 4, 6 and 12 or 24 hours after observed intake
of morning doses of ART and anti-TB drugs with 100mL of water. Children fasted 2 hours
after dolutegravir intake before having a light breakfast (250 kcal). During PK days all food
was provided at set times and the food composition was comparable on both PK days.
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Figure 1. Study design, timing of PK visits and dolutegravir dosing in ODYSSEY TB-PK Substudy.
BID, twice daily; DTG, dolutegravir; PK, pharmacokinetic; QD, once daily; R, rifampicin.

Plasma was separated and stored at -80°C until shipment for quantification at the laboratory of the Department of Pharmacy at the Radboud University Medical Center (Nijmegen,
The Netherlands). Dolutegravir plasma concentrations were measured with a validated ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) bioanalytical quantification method.11 To confirm exposure to rifampicin while on DTG BID+RIF and
to determine maximal rifampicin plasma concentrations, lithium-heparin blood samples
were taken at t = 0, 2, 4 and 6 hours after drug intake. Rifampicin plasma concentrations
were determined using a validated UPLC-MS/MS quantification method (LLOQ; 0.09 mg/L).
All children on dolutegravir who were treated for TB at the PK sites contributed safety data
from the start of dolutegravir double dosing and up to 30 days after returning back to once
daily dolutegravir. At each main trial visit, a clinical assessment was undertaken and blood
samples were collected for haematology and biochemistry following to the ODYSSEY main
trial protocol. Serious adverse events (SAE; defined according to ICH GCP), grade 3 and
4 clinical and laboratory adverse events (AE) and events resulting in modification of ART
(any grade) were ascertained. As part of the ODYSSEY trial, all reported AE were reviewed
by an independent endpoint review committee (ERC) who were blinded to trial arm (third
agent of ART regimen).

Pharmacokinetic and statistical analysis
There was no formal power calculation conducted. Based on data from the ARROW trial12
we estimated that approximately 8% of children in the main ODYSSEY-trial would have TB
on enrolment or develop TB during the trial, half of them randomised to dolutegravir, and
two-thirds will be enrolled at the PK sites (n=~19). All eligible children co-infected with HIV/
TB in ODYSSEY PK sites were approached for participation in the TB-PK study. We aimed
to include at least two children in WHO weight bands 20 to <25 kg, 25 to <35 kg and 35
to <40 kg. Based on PK results in healthy adult volunteers, who received dolutegravir 50
mg twice daily co-administered with rifampicin, 5 participants per age group (6 to <12 and
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12 to < 18 years) with evaluable PK profiles on both PK days were considered sufficient for
within-subject comparison of dolutegravir PK parameters.
Mean plasma concentration versus time profiles were constructed. Non-compartmental
analysis and calculation of descriptive statistics for PK parameters were conducted with
Phoenix® 64 WinNonlin® version 8.1 (Certara, Inc., Princeton, USA). The maximum
plasma concentration (Cmax) and the time to its maximum concentration (Tmax) were directly
derived from the plasma concentration-time curve. Area under the plasma concentration
time curve from 0 to 12 or 24 hours post dose (AUC0-12/24h) was calculated using the linear
up-log down trapezoidal rule. The apparent elimination half-life (T1/2) was calculated by
0.693/λz, where λz stands for the apparent terminal phase elimination rate-constant and
is estimated by linear regression of the last three data points of logarithmically transformed
concentration versus time data.
We used linear mixed-effects models (with dose as fixed-effect and including a random
effect for participant) for estimation of geometric mean ratios (GMR) and calculation of
90% confidence intervals (CI) of log transformed PK parameters to compare PK for DTG
BID+RIF to DTG QD. To estimate AUC0-24h for BID dosing, the AUC0-12h was doubled. In
addition, the number of individual children with Ctrough <0.32 mg/L (the required minimal
effective concentration (EC90) for dolutegravir derived from the EC50 found by Min et al.13)
were summarised.
Geometric mean (GM) peak plasma concentrations of rifampicin were compared to previously reported ranges for children and adults14, 15, and the number of children with peak
plasma concentrations < 8 mg/L (low exposure), < 4 mg/L (very low exposure), or > 24
mg/L (above the upper limit of the reported range) were summarised.16
Statistical analysis for PK parameters were performed with IBM SPSS Statistics 22. Summation of baseline characteristics and safety analyses were done with STATA software, version
15.1 (Stata Corporation, College Station, Texas, USA). The current report is an interim
analysis (data censoring April 10th 2019) and recruitment to reach pre-specified targets of
numbers of participants per age-group is still ongoing.

Results
A total of 17 subjects participating in the main ODYSSEY trial aged 6 to <18 years old
with HIV/TB co-infection were enrolled in the TB-PK substudy. Subject demographics and
baseline characteristics at start of TB treatment are presented in Table 1.
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table 1. Demographics and baseline characteristics at start of TB treatment.
6 to <12 years
(n=8)

12 to <18 years
(n=9)

Total (n=17)

ODYSSEY randomisation group,n (%)
First-line ART (A)

7 (88%)

7 (78%)

14 (82%)

Second-line ART (B)

1 (13%)

2 (22%)

3 (18%)

Male

4 (50%)

4 (44%)

8 (47%)

Female

4 (50%)

5 (56%)

9 (53%)

8.6 (6.3-10.9)

13.4 (11.8-15.5)

11.8 (6.3-15.5)

8 (100%)

8 (89%)

16 (94%)

0 (0%)

1 (11%)

1 (6%)

Sex, n (%)

Age (years)
median (range)
Ethnicity, n (%)
Black-African
Other - Mixed Black- Indian
CD4+ cell count (cells/mm3)
median (IQR)

691.5 (386.5, 725.0) 105.0 (44.0, 344.0) 345.0 (105.0, 719.0)

≤100 cells/mm3, n (%)

0 (0%)

4 (44%)

4 (24%)

Type of TB infection, n (%)
Pulmonary

7 (88%)

6 (67%)

13 (76%)

Disseminated

0 (0%)

2 (22%)

2 (12%)

Abdominal

0 (0%)

1 (11%)

1 (6%)

Meningitis

1 (13%)

0 (0%)

1 (6%)

TB before randomisation

4 (50%)

5 (56%)

9 (53%)

TB at randomisation

0 (0%)

2 (22%)

2 (12%)

TB after randomisation

4 (50%)

2 (22%)

6 (35%)

0.0 (0.0-1.0)

0.0 (0.0-3.0)

Timing of TB diagnosis, n (%)

8

Time from TB diagnosis to TB therapy start (days)#
median (range)

0.0 (0.0-3.0)

DTG exposure prior to TB therapy start (days)
TB after randomisation
Median (range)

4 (50%)

2 (22%)

6 (35%)

61.0 (28.0-254.0)

22.5 (14.0-31.0)

41.0 (14.0-254.0)

Time from start of TB therapy to first PK day (days)
median (range)

180.0 (157.0-362.0) 192.0 (161.0-409.0) 192.0 (157.0-409.0)

Time between 1st and 2nd TB-PK day (days)
Median (range)
BMI-for-age Z-score‡, n (%)
<-3

51.0 (35.0-66.0)

57.0 (35.0-91.0)

56.0 (35.0-91.0)

0 (0%)

1 (11%)

1 (6%)

-3-<-2
-2-<0

0 (0%)

2 (22%)

2 (12%)

3 (38%)

6 (67%)

9 (53%)

≥0

5 (63%)

0 (0%)

5 (29%)

DTG, dolutegravir; E, ethambutol; H, isoniazid; PK, pharmacokinetic; R, rifampicin; TB, tuberculosis; Z; pyrazinamide.
‡
WHO Child Growth Charts and WHO Reference 2007 Charts, version WHO.
#
Time between TB diagnosis and TB therapy start is being queried with sites.
Note: For participants that had TB diagnosis before or at randomisation (n=11), baseline CD4 count used was
the value at randomisation. For those who had TB diagnosis after randomisation (n=6), the median (IQR) gap in
days between closest CD4 sample collection date and RIF start date was 8 (0-14) days; range 0-21.
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Of all children, 14/17 (82%) and 3/17 (18%) were on first- and second-line dolutegravirbased ART respectively. At enrolment to the ODYSSEY-trial 9/17 (53%) children had TB.
Within-subject steady-state PK data on DTG BID +RIF and DTG QD were evaluable for six
participants at time of data analysis. Of the six children, four were aged 6 to <12 years old
and were on 25 mg DTG BID/QD, and two children were aged 12 to <18 years old and
received DTG 50 mg BID/QD (Figure 2). At time of the first PK day, the majority of children
(14/17, 82%) used rifampicin and isoniazid for TB treatment in the continuation phase,
one child used a three-drug regimen (RHE) and two children were on a four-drug regimen
(RHZE).

Figure 2. Inclusion flow chart.
BID, twice daily; DTG, dolutegravir; PK, pharmacokinetic; QD, one daily; TB, tuberculosis.

In the combined analysis for all six children, the GMR for Ctrough was 1.44 (90% CI; 0.752.76). GMR point estimates for DTG BID+RIF versus DTG QD were 1.02 (90% CI; 0.62-1.68)
for the AUC0-24h and 0.87 (90% CI; 0.59-1.27) for Cmax. A higher variation in PK parameters
on QD DTG dosing than on DTG BID+RIF was observed (Table 2 and Fig 3), especially for
Ctrough. As expected, dolutegravir clearance (CL/F) for children on DTG BID +RIF was higher
compared to DTG QD, the GMR for CL/F was 1.85 (90% CI; 1.19-3.20). In line with this,
elimination half-life was shortened while on DTG BID+RIF; the GMR for DTG BID+RIF versus
DTG QD was 0.66 (90% CI; 0.54-0.81) (Table 2). Individual within-subject comparisons of
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the main PK parameters are shown in Figure 3. Dolutegravir trough plasma concentrations
were above 0.32 mg/L (EC90) in all children on DTG BID+RIF, and one participant, aged 10
years old (weight 28 kg) who received DTG 25 mg once daily had a Ctrough level of 0.21
mg/L. All children had detectable rifampicin concentrations. Rifampicin Cmax (GM (CV%)
was 4.91 (59) mg/L with half of children (3/6) having very low rifampicin Cmax levels (< 4
mg/L).
table 2. Participant characteristics and geometric mean PK parameters at ODYSSEY TBPK days for children 6 to <18 years.
Children 6 to <18 years (n=6)

Parameter
DTG BID + RIF

DTG QD

GMR (90% CI)

DTG dose, mg/kg

2.3 (1.8-3.6)

1.2 (0.89-1.70)

-

Age, years

10.2 (6.8-15.9)

10.3 (6.9-16.1)

-

Weight, kg

26.1 (19.8-43.3)

26.2 (19.8-45.3)

-

AUC0-12h (h*mg/L)

24.9(18)

NA

-

AUC0-24h (h*mg/L)

49.8 (18) †

48.7 (54)

1.02 (0.62-1.68)

Cmax (mg/L)

3.64 (21)

4.18 (48)

0.87 (0.59-1.27)

Tmax

2.5 (1.0-6.0)

2.0 (1.0-6.0)

-

T1/2 (h)

5.14 (29) ‡

7.88 (24) ‡

0.66 (0.54-0.81) ‡

Vd/F (L)

9.81 (71) ‡

6.84 (21) ‡

1.43 (0.80-2.56) ‡

Ctrough (mg/L)

0.98 (18)

0.68 (91)

1.44 (0.75-2.76)

CL/F (L/h)

1.26 (45)

0.65 (35)

1.95 (1.19-3.20)

8

† Individual AUC0-12h while on BID dosing were multiplied by a factor 2 for extrapolation to AUC0-24h and used
for calculation of GMR for AUC0-24h on BID versus QD.
‡ n=5

During a median (range) of follow-up of 38.1 (32.9-45.7) weeks, 6/17 subjects had 10
reportable adverse events: one SAE grade 4 (Hepatitis A), five SAE grade 2/3 and four AE
grade 3. All were considered unlikely or unrelated to dolutegravir, both by the treating
physician and the blinded independent endpoint review committee.

Figure 3. Within-subject comparisons per age group and per dose for AUC0-24h, Cmax and Ctrough for dolutegravir
BID with rifampicin and standard dolutegravir QD without concurrent rifampicin use.
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Discussion
TB-PK pharmacokinetic substudy nested within the ODYSSEY trail confirms that doubling
the standard dolutegravir dose to twice daily in HIV/TB co-infected children above 6 years
of age on rifampicin-containing anti-TB treatment provides comparable dolutegravir PK
parameters to once-daily dosing and that this dosing approach was well tolerated.
Drug interactions with rifamycins must be mitigated by ART modifications which often
requires dosing adjustment of antiretroviral drugs.4 Replacing rifampicin with rifabutin, a
less strong inducer of hepatic enzymes and transporters, which is recommended in adults,
is often impossible in children because of limited experience, high rates of toxicity and
limited availability of (child-friendly) formulations.17 Dolutegravir-based ART is an attractive treatment option for HIV/TB coinfected children. Most other currently used treatment
options are suboptimal.4 NNRTI-based treatment may not be as effective in the context of
increasing NNRTI resistance.18, 19 Lopinavir/ritonavir requires superboosting20, 21 with single
entity ritonavir which is rarely available. Other protease inhibitors are contraindicated with
rifampicin.22 Currently, the WHO recommends the use of dolutegravir-based ART as first
line treatment option in adults and also in children for whom dolutegravir dosing is approved.23 A strategy of double dosing of dolutegravir in children coinfected with TB will
allow to meet the key principle of the WHO guidelines on harmonization of preferred ART
regimens across all populations including children with TB co-infection.
Notably, is this study we observed an overall high inter- and intra-patient variation in
dolutegravir PK parameters. Other ODYSSEY PK studies on dolutegravir paediatric dosing
(chapter 6) also demonstrate high variability for mean dolutegravir PK in children compared to adults.13 GMR point estimates for DTG BID+RIF versus DTG QD in the current
PK analyses were approximately 1.00, indicative of comparable PK, but 90% confidence
intervals were relatively wide, especially for trough plasma concentrations. In spite of
this, PK changes can be considered non-clinically relevant as dolutegravir has a relatively
wide therapeutic window24, 25 and a clear relation between dose and toxicity was never
demonstrated. When PK is compared within-child (Figure 3), some children had similar
dolutegravir trough concentrations on DTG BID+RIF and DTG QD (as we had aimed for),
but other children had either higher or lower levels on DTG QD. Although not assessed
for children included in this PK substudy, these variations might be caused by differences
in UGT1A1 pharmacogenetic metabolizer status.26 For instance, poor metabolisers are less
vulnerable for induction of UGT1A1 by rifampicin. As a consequence, poor metabolisers on
DTG BID+RIF may have higher dolutegravir exposures compared to DTG QD.
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The double dosing strategy was well tolerated and no treatment-related events were
reported in the TB-PK substudy. The risk of development of immune reconstitution inflammatory syndrome (IRIS) is of particular concern with the use of dolutegravir, as integrase
inhibitors lead to rapid HIV-1 RNA decline, which is associated with a higher risk of IRIS.27
TB-IRIS may present as clinical manifestation of previously undiagnosed TB or paradoxical
TB exacerbation on anti-TB treatment. More data on TB-IRIS for the children enrolled in
the current PK substudy will be available when the results of the main ODYSSEY-trial are
analysed.
As the ODYSSEY trial is ongoing, virological outcomes are not yet available for children in
the TB-PK substudy. However, all children on dolutegravir BID while on rifampicin had a
trough dolutegravir plasma concentration above the EC90 of 0.32 mg/L for dolutegravir.
In conclusion, pharmacokinetic and safety data presented in this study are reassuring and
support the use of dolutegravir double dosing strategy in HIV/TB co-infected children aged
above 6 years. The results of the main ODDYSSEY trial will provide more information on
safety and efficacy of this dosing approach. Further study of the dolutegravir BID dosing
strategy in children <6 years of age is urgently required, especially as ART options in young
children with HIV/TB coinfection are very limited.
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35 mg

50 mg
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≥40 kg

50 mg

35 mg→50 mg**
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-
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50 mg

35 mg→50 mg**

35 mg→50 mg**
NA

NA

NA
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30 mg DT or 50 mg†

25 mg→30 mg DT or
50 mg¥
25 mg→50 mg**
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20 mg DT

15 mg DT

5 mg or 10 mg DTy

25 mg→25 mg DT§

-

-

-

Main trial participants
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50 mg

50 mg

50 mg
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30 mg DT or 50 mg

30 mg DT or
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50 mg

25 mg DT

20 mg DT

15 mg DT

5 mg or 10 mg DTy

25 mg DT

-

-

-

WB PK substudy
participants

ODYSSEY v5.0
Main trial
participants

y DTG dose for infants 3-<6 kg is dependent on age initially. Infants <6 months of age receive DTG 5 mg QD while infants ≥6 months of age receive DTG 10 mg QD, both as
dispersible tablets.
* In May 2017 the EMA licensed the use of 20 mg DTG in children 15 - <20 kg and ≥6years, following this, children were able to be recruited in this weight and age-band.
** From 1st of April 2018, after ethics notification, sites following protocol version 3.0 and above were recommended to increase the DTG dose of children 25 - <40 kg to 50
mg FCT QD at their next scheduled study visit based on the results of the WB-PK2. WB-PK2 participants remained on DTG 50 mg with ongoing follow-up. Non-PK participants
25 - <40 kg recruited after site implementation of the dose increase were initiated on the 50 mg film-coated DTG dose.
† Both doses are examined in WB-PK1 part II substudy in this weight-band.
§ Children 15 - <20 kg previously receiving DTG 20 mg QD were changed to DTG film-coated 25 mg tablets upon the approval of protocol v4.0. Subsequently all children 14<20 kg changed to DTG 25 mg QD dispersible tablets following the review of WB-PK1 part I results and approval by the relevant ethical and regulatory authorities.
¥ Children 20 - <25 kg previously receiving DTG 25 mg QD as one 25 mg film-coated tablet changed to either DTG 30 mg QD dispersible tablets or DTG 50 mg QD (film-coated
tablet) depending on site following the review of WB-PK1 part I results and approval by the relevant ethical and regulatory authorities. Children receiving DTG 30 mg dispersible
tablets may be switched to DTG 50 mg film-coated tablets after review of PK and safety data.
DT=dispersible, otherwise film coated tables

-

3-<6 kg

Main trial
participants

ODYSSEY v2.0*

Supplementary Table 1. Dolutegravir dosing in the ODYSSEY trial across different protocol versions.
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Abstract
Background
Pharmacokinetic and efficacy data on dolutegravir in HIV-positive pregnant women are still
limited and needed to support its use as one of the preferred antiretroviral agents after the
first trimester of pregnancy.

Methods
Within the multi-center study “Pharmacokinetics of Antiretroviral Agents in HIV-infected
Pregnant Women” (PANNA), HIV-positive pregnant women using dolutegravir once-daily
(50 mg, with food) underwent 24h pharmacokinetic profiling in third trimester (3T) and
postpartum (PP). Pharmacokinetics in 3T were considered adequate if geometric mean
unbound (=effective) minimal plasma concentrations (Cmin, unbound) and ≥90% of individual
Cmin, unbound levels were >0.85 µg/L, the proposed IC90 for unbound dolutegravir. Geometric
mean ratios (GMR) with 90% confidence intervals (CI) for comparison of total and unbound
pharmacokinetic parameters between 3T and PP were calculated, including the metabolic
ratio for dolutegravir-glucuronide. Safety and virological data were collected.

Results
Seventeen women (76% black) were enrolled (25 evaluable pharmacokinetic profiles; 15
in 3T, 10 PP). In 3T, geometric mean (coefficient of variation,%) Cmin, unbound was 2.87 (87)
µg/L and 93% of individual Cmin, unbound levels were >0.85 µg/L. GMRs (90%CI) for 3T versus
PP were: area under the curve (AUC0-24h), 0.86 (0.68-1.10); Cmax, 0.93 (0.77-1.13); and for
trough concentrations 0.71 (0.49-1.02), based on total dolutegravir concentrations. Four
serious adverse events were reported, unlikely related to dolutegravir. HIV PCR test was
negative in 14/17 (3 unknown) infants.

Conclusions
Pharmacokinetic changes for dolutegravir in late pregnancy are not clinically relevant, and
support the use of dolutegravir 50 mg once-daily with food after the first trimester.
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IntRoDUCtIon
For treatment of HIV-infected pregnant women guidelines recommend antiretroviral
therapy (ART) during the entire course of pregnancy for the benefit of the mother and to
prevent mother to child transmission (MTCT) of HIV.1 ART reduces the risk of MTCT from
pregnant and non-breastfeeding women to the unborn child from 20-45% to less than
1%.2, 3 The World Health Organization (WHO) has selected the integrase-inhibitor dolutegravir as preferred antiretroviral agent for use in first-line combined ART in people living
with HIV. This includes pregnant HIV-positive women. Nevertheless, dolutegravir should
not be used in women who want to become pregnant or within the first 14 weeks after
conception. Exposure to dolutegravir at this stage has been associated with a small but
significant increased risk for the development of fetal neural tube defects (NTDs), although
the causal relationship is still uncertain.4-6
During the course of pregnancy, many physiological changes occur that may alter exposure
to antiretroviral drugs, most often resulting in reduced drug levels with a risk for compromised efficacy.7 Upon registration of a drug, safety and efficacy data for antiretrovirals in
pregnant women are often lacking, as pregnancy is generally an exclusion criterion for
participation in clinical trials. For dolutegravir, an adequate exposure-response relationship
has been established.8 Pharmacokinetic data can therefore serve as predictor for efficacy
outcomes (suppression of viral inhibition), and thus inform us on appropriate dose adjustments in pregnancy. As ART for HIV-positive women is clearly beneficial, pharmacokinetic
data is urgently warranted for dolutegravir.
In pregnancy, a reduction in plasma proteins, such as albumin, might cause total dolutegravir plasma concentration – i.e. the sum of plasma protein bound and unbound drug
concentrations – to decrease while the unbound concentration (=‘effective’ concentration) could remain unaffected. It is this unbound portion of a drug that can reach target
sites through diffusion or active transport and exerts its biological effect. Thus, in case of
highly protein bound drugs, such as dolutegravir, and in the setting of pregnancy, protein
unbound (‘free-drug’) concentrations are of particular interest.9
Our aim was to provide dosing recommendations for dolutegravir use in pregnancy based
on unbound and total dolutegravir plasma concentrations measured during the third
trimester of pregnancy and postpartum. In addition, we aimed to investigate the impact
of pregnancy-related physiological changes on dolutegravir metabolism and therefore
quantified the inactive metabolite dolutegravir-glucuronide as well. This study is part of the
European “Pharmacokinetics of Antiretroviral Agents in HIV-infected Pregnant Women”
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(PANNA) network, that was established to study the pharmacokinetics of newly developed
antiretroviral drugs during pregnancy, including dolutegravir.

METHODS
Study design and participants
This was an open-label, non-randomized, multi-center, within-patient, pharmacokinetic phase-IV study in HIV-positive pregnant women in Europe (ClinicalTrials.gov
#NCT00825929), coordinated by the PANNA network study group (www.pannastudy.
com). Pregnant HIV-positive women (aged ≥18 years old) using dolutegravir 50 mg once
daily as part of their ART, for at least 2 weeks prior to the first pharmacokinetic assessment
in third trimester of pregnancy, were eligible for inclusion. Exclusion criteria were having
a relevant history or current medical condition that might interfere with pharmacokinetics
on the level of absorption, distribution, metabolism or elimination, inability to understand
the nature and extent of the study and the procedures required, and grade III/IV anemia
(i.e. hemoglobin <4.6 mmol/L or 7.4 g/dL). The study was conducted in compliance with
ethical principles as stated in the Declaration of Helsinki and conducted and documented
in accordance with the principles of Good Clinical Practice (GCP). The study was approved
by the medical ethical committee of the participating centers and by national authorities
if applicable.
The primary objective of this study was to evaluate and compare unbound and total dolutegravir drug concentrations within the third trimester of pregnancy versus postpartum.
Secondary objectives were to report safety and efficacy outcomes for dolutegravir-based
regimen in pregnancy, to assess dolutegravir-glucuronide metabolite concentrations in
pregnancy and postpartum, to assess fetal exposure to dolutegravir at time of delivery, and
to assess safety and efficacy outcomes for infants exposed to dolutegravir through their
HIV-infected mothers.

Procedures
Screening and enrollment procedures within ≤4 weeks upon inclusion (first pharmacokinetic assessment) consisted of obtainment of medical history, physical examination and
laboratory tests (serum biochemistry and hematology, qualitative urinalysis, HIV-1 RNA viral
load and CD4 cell count).
Dolutegravir and dolutegravir-glucuronide plasma concentrations over time were collected
in third trimester of pregnancy (approximately at week 33) and at least 2 weeks (ideally 4-6
weeks) postpartum. At pharmacokinetic assessments, EDTA blood samples were collected
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at t = 0, 0.5, 1, 2, 3, 4, 6, 8, 12 and 24h after observed intake of ART, including dolutegravir 50 mg, with food (650 kcal; 30 g fat) to generate steady-state pharmacokinetic profiles.
Matching cord blood (CB) and maternal blood (MB) plasma samples were taken at delivery
(if feasible) to estimate placental transfer. Unbound dolutegravir concentrations were measured in plasma samples, selected from individual total dolutegravir plasma concentrationtime curves, representing the highest (Cmax) and lowest (Cmin) total dolutegravir plasma
concentrations.
Plasma obtained from EDTA blood samples was stored at -18°C or lower until shipping to
the laboratory of the Department of Pharmacy at the Radboud University Medical Center
(Nijmegen, The Netherlands) for quantification of total and unbound dolutegravir and
glucuronide-metabolite concentrations. Total dolutegravir plasma concentrations were
measured with a validated ultra performance liquid chromatography - tandem mass
spectrometry (UPLC-MS) quantification method.10 The dolutegravir assay was externally
validated through the International Interlaboratory Quality Control Program for Measurement of Antiretroviral Drugs in Plasma as well as by the Clinical Pharmacology Quality
Assurance and Quality Control Program (CPQA). Unbound concentrations were obtained
by ultrafiltration and measured with an UPLC-MS/MS method with a lower limit of quantification (LLOQ) of 0.5 µg/L. 2H-nevirapine (m/z 271 → 230) served as internal standard for
quantification of dolutegravir-glucuronide by LC-MS/MS (m/z transition 596 → 420) and
the linear calibration range in plasma was 0.005 – 1.0 mg/L.

9

At each visit, adverse events were evaluated and HIV-1 RNA viral load was measured. Blood
samples for safety and efficacy evaluations were obtained on pharmacokinetic sampling
days and - if part of local standard procedures for routine patient-care - at time of delivery,
and were analyzed at local laboratories. All maternal adverse events that occurred during
the study were recorded and graded according to the Division of AIDS toxicity table.11 Efficacy outcomes were HIV-1 RNA viral load <50 copies/mL measured in third trimester or at
delivery. Infant outcomes, including birth weight, gestational age (GA) at birth, congenital
abnormalities, and HIV infection status (by detection of HIV nucleic acids) were collected.

statistical and pharmacokinetic analysis
A sample size of 16 women was considered appropriate to describe potential differences in
within-patient pharmacokinetics and in dolutegravir pharmacokinetics in pregnancy versus
post-partum.
Pharmacokinetic parameters were derived from individual plasma concentration-time curves
and included for total dolutegravir: the area under the plasma concentration–time curve
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from 0 to 24 hours after intake (AUC0–24h); the peak drug concentration (Cmax,); the time to
reach Cmax (Tmax); the lowest concentration in a dosing interval (Cmin); the concentration at
24 hours after dosing (Ctrough); the apparent volume of distribution (Vd/F); the apparent oral
clearance (CL/F), and the apparent elimination half-life (T1/2). For dolutegravir-glucuronide,
AUC0-24h was calculated. Fraction unbound (fu) was calculated with the formula; fu= unbound concentration/total concentration * 100%. Non-compartmental pharmacokinetic
(NCA) analysis and calculation of descriptive statistics for total dolutegravir and dolutegravir-glucuronide pharmacokinetic parameters was conducted with Phoenix® WinNonlin®
64 version 8.1 (Certara, Inc., Princeton, USA).
Unbound minimal plasma concentration (Cmin, unbound) was considered adequate if geometric
mean in third trimester remained above the proposed minimal threshold of 0.85 µg/L for
unbound dolutegravir concentrations, and if at least 90% of individual Cmin, unbound levels were
above this threshold. The threshold of 0.85 µg/L represents an estimation of the protein
unadjusted in-vitro IC90 and was derived from the in-vitro protein adjusted minimal inhibitory
concentration (IC90) for dolutegravir (152 nM; 0.064 mg/L).12 In addition, individual total
plasma concentrations below the in-vivo minimal effective concentration (EC90) of 0.32
mg/L were summed. The EC90 was derived from the EC

50

found by Min et al.8 A linear

mixed-effects model (bioequivalence test within WinNonlin®) with treatment (pregnancy or
postpartum) as fixed-effect and including a random effect for patient was used for estimation of geometric mean ratios (GMR) and 90% confidence intervals (CIs) of pharmacokinetic
parameters in pregnancy versus postpartum (reference). Median (inter quartile range, IQR)
molar AUC0-24h ratios of dolutegravir-glucuronide/dolutegravir and geometric mean (IQR)
cord blood-to-maternal blood plasma concentration ratios were calculated.

RESULTS
Seventeen HIV-positive pregnant women on dolutegravir-based ART from seven European
hospitals provided informed consent and were enrolled in the PANNA study between June
2015 and September 2018. All women underwent at least one pharmacokinetic assessment, resulting in a total of 25 evaluable pharmacokinetic profiles (15 in third trimester
and 10 postpartum, Figure 1).
Patient demographics and characteristics, including pregnancy outcomes are presented
in Table 1. At time of conception, 16/17 (94%) women were aware of their positive HIV
status and one was diagnosed with HIV after conception, at 16 weeks of GA. This patient
initiated dolutegravir-based ART in late pregnancy at 36 weeks of GA. Median (range) total
time on dolutegravir-based ART until delivery was 29.4 (3.0-114.9) weeks.
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table 1. Patient demographics and characteristics for enrolled patients at screening, third trimester and
postpartum visits, including pregnancy outcomes.
Patient characteristics (n=17)

n (%) or median (range)

screening
Age, y

31 (21-42)

Race/Ethnicity
White

3 (18)

Black or African American

13 (76)

Hispanic or Latino

1 (6)

Transmission route
Vertical

4 (24)

Horizontal

10 (59)

Unknown

3 (18)

Smoking

3 (18) light smoker (<10 cigarettes per day)

ART naive before dolutegravir initiation

2 (12)

Time on ART before conception, wk, n=15

158 (13-1345)

Initiation of dolutegravir before conception

8 (47); 1 unknown

Time on dolutegravir, wk

59 (1-97)

Initiation of dolutegravir in pregnancy

8 (47); 1 unknown

st

1 trimester

1 (6)

2nd trimester

5 (29)

3rd trimester

2 (12)

ART regimen, dolutegravir combined with
ABC/3TC 600/300 mg

8 (47)

TDF/FTC 245/200 mg

7 (41)

DRV/r 800/100 mg QD

1 (6)

DRV/r 600/100 mg BID + TDF 245 mg

1 (6)

9

third trimester
Weight, kg, n=16

71.5 (60-131)

HIV-1 RNA viral load <50 copies/mL

17 (100)

CD4 count, cells/µL

505 (194-1551)

Delivery
Gestational age, wk

39 (34a-40)

Caesarean delivery

7 (41); 2 unknown

Postpartum
Weight, kg, n=10

68.3 (55-117)

HIV-1 RNA viral load <50 copies/mL

10 (59)b; 6 unknown

CD4 count, cells/µL, n=10

588 (283-1380)

Pregnancy outcomes
Birth weight, g, n=16

3145 (2120-4040)

Low birth weight (<2500 g)

2 (12); 1 unknown
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Table 1. Patient demographics and characteristics for enrolled patients at screening, third trimester and
postpartum visits, including pregnancy outcomes. (continued)
Patient characteristics (n=17)

n (%) or median (range)

Small for gestational agee, n=16

1 (6); 1 unknown

Infant HIV RNA PCR test negative, n=14

14 (100), 3 unknown

3TC, lamivudine; ABC, abacavir; ART, antiretroviral therapy; ARV, antiretroviral; BID, twice daily; DRV/r, darunavir/ritonavir; ETV, etravirine; FTC, emtricitabine; HIV, human immunodeficiency virus; QD, once daily; NNRTI,
non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PCR, polymerase
chain reaction; TDF, tenofovir disoproxil fumarate.
Chapter 9
a Stillbirth at 34 weeks of GA.
b One patient had a detectable viral load at time of the postpartum visit (53 copies/mL) and corresponding
FigureC1.
Inclusion flow chart
trough was 1.27 mg/L and Cmin, unbound was 0.94 µg/L.
c Small for gestational age was determined as <10th percentile of the fetal–infant growth chart by Fenton.13

17 pregnant HIV-positive women enrolled in
the dolutegravir arm within the PANNA study
(between June 2015 and September 2018)

17 underwent 3rd trimester PK assessment
15 PK profiles included in PK analysis
2 non-evaluable PK profiles

5 discontinued
3 loss to follow-up
1 withdrawn
1 SAE (stillbirth)

12 underwent postpartum PK assessment
10 PK profiles included in PK analysis
2 non-evaluable PK profiles

Figure 1. Inclusion flow chart.
PK, pharmacokinetic; SAE, serious adverse event.

PK, pharmacokinetic; SAE, serious adverse event.

Use of
concurrent
medication,
either either
ART orART
non-HIV
related,related,
that could
influenceinfluence
Use
of concurrent
medication,
or non-HIV
thatpossibly
could possibly
dolutegravir exposure included ritonavir boosted darunavir in two patients and cation containing
dolutegravir exposure included ritonavir boosted darunavir in two patients and cation
supplements in five patients. At the third trimester assessment (34 weeks of GA) one patient suffered
containing supplements in five patients. At the third trimester assessment (34 weeks of
from cholestasis of pregnancy syndrome, but alanine transaminase (ALT) levels remained below the
patient
cholestasis
of pregnancy syndrome,
alanine
upperGA)
limit one
of normal,
bilesuffered
acid levelfrom
was unknown,
gamma-glutamyltransferase
(GGT)but
level
was 973transamiIU/L and
phosphatase
(ALP)below
was 263
Plasma
levels bile
(median
were
nasealkaline
(ALT) levels
remained
theU/L.
upper
limitalbumin
of normal,
acid [range])
level was
unknown,
available
for
7/17
women
in
third
trimester
(37
[25-40]
g/L)
and
for
6/17
women
postpartum
((38
[36gamma-glutamyltransferase (GGT) level was 973 IU/L and alkaline phosphatase (ALP) was
43] g/L)

263 U/L. Plasma albumin levels (median [range]) were available for 7/17 women in third
trimester (37 [25-40] g/L) and for 6/17 women postpartum ((38 [36-43] g/L).
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Pharmacokinetics
The pharmacokinetic assessment in the third trimester (n=15) and postpartum (n=10) took
place at a median (range) GA of 33.4 (30.9-38.1) weeks and 5.9 (2.9-7.4) weeks after
delivery, respectively. Mean dolutegravir plasma concentration-time profiles of dolutegravir
50 mg QD during third trimester and postpartum are shown in Figure 2. Descriptive summary statistics for dolutegravir total, unbound and dolutegravir-glucuronide pharmacokinetic parameters are given in Table 2.
table 2. Comparison and summary for dolutegravir (50 mg once daily) in the third trimester of pregnancy and
postpartum.
Parameter

third trimester
(n=15)a

Postpartum
(n=10)a

third trimester vs postpartum
gMR (90% CI)b

Total dolutegravir
AUC0-24h, h*mg/L

40.8 (35)

47.0 (42)

86 (68-110)

Cmax, mg/L

3.15 (31)

3.34 (32)

93 (77-113)

Tmax, h

3.0 (1.0-4.5)

3.8 (0.5-8.0)

C0h, mg/L

1.00 (90)

1.22 (105)

79 (48-132)

Ctrough, mg/L

0.68 (84)

1.03 (68)

71 (49-102)

Cmin, mg/L

0.66 (90)

0.92 (84)

74 (49-112)

CL/Fss, L/h

1.23 (35)

1.06 (42)

116 (91-147)

T1/2, h

10.5 (49)

14.4 (46)

79 (61-101)

Vd/F, L

18.6 (45)

22.1 (49)

84 (61-117)

Cmax, µg/L

12.3 (44)

9.18 (63)

134 (93-193)

fu, %

0.36 (0.27-0.46) 0.29 (0.22-0.38) 142 (101-200)

Cmin, µg/L

2.87 (87)

fu, %

0.40 (0.28-0.70) 0.34 (0.23-0.70) 120 (84-170)

Unbound dolutegravir

3.38 (102)

9

86 (50-148)

Dolutegravir-glucuronidec
AUC0-24h, h*mg/L

4.60 (65)

3.94 (44)

Metabolic ratiod

0.11 (0.07-0.12

0.08 (0.05-0.09) P = 0.164e

104 (0.83-1.31)

AUC0-24h, area under the curve; C0h, predose concentration; CL/Fss, apparent clearance under steady-state conditions; Cmax, maximum concentration; Cmin, minimum observed concentration; Ctrough, concentration at the end
of the dosing interval; CV, coefficient of variation; Fu, fraction unbound; GMR, geometric mean ratio; Tmax, time
to reach Cmax.
a
Data are geometric mean (coefficient of variation, %), except for Tmax which is denoted as median (range), and
fraction unbound and metabolic ratio are represented by the median (IQR).
b
GMR is based on a total of 25 PK profiles including 8 within-patient comparisons for PK in third trimester vs
postpartum.
c
Data available for n=14 and n=9 in third trimester and postpartum, respectively.
d
Median molar metabolic ratio for dolutegravir-glucuronide divided by dolutegravir AUC0-24h based on total
plasma concentrations.
e
Wilcoxon signed-rank test
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The geometric mean Cmin, unbound (2.87 mg/L) in the third trimester of pregnancy was well
above the proposed in-vitro protein unadjusted IC90 of 0.85 µg/L. Figure 3 depicts the
individual changes between the third trimester and postpartum in minimal unbound
concentrations and total trough plasma concentrations. Individual Cmin, unbound levels were
above the IC90 in 14/15 (93%) patients in third trimester and in 10/10 (100%) of patients
at time of the postpartum visit. The single subtherapeutic Cmin, unbound of 0.79 µg/L in third
trimester corresponded with a total plasma Ctrough of 0.64 mg/L, which was above the EC90
(0.32 mg/L) for total plasma concentrations; HIV-1 RNA was undetectable in this woman
and serum albumin unknown.

Figure 2. Mean total dolutegravir concentration-time profiles during the third trimester of pregnancy
and postpartum.

Geometric mean total Ctrough (0.68 mg/L) was also well above the EC90 of 0.32 mg/L. Two
patients had Ctrough values <0.32 mg/L in the third trimester (0.11 mg/L while on dolutegravir with abacavir/lamivudine and 0.28 mg/L while on dolutegravir with ritonavir-boosted
darunavir), but HIV-1 RNA viral load was undetectable in both women. Both patients
showed liver enzyme abnormalities at the third trimester visit. None of the patients had a
subtherapeutic dolutegravir level postpartum.
Exposure to dolutegravir, expressed as AUC0-24h and Cmax, based on total dolutegravir plasma
concentrations, were comparable between third trimester and postpartum as estimated
GMRs were close to 1.0 (Table 2). Meanwhile, the apparent elimination half-life decreased
by 21% in the third trimester of pregnancy compared to postpartum. In line with this, total
dolutegravir trough plasma concentrations were an estimated 29% lower in pregnancy
versus postpartum. The estimated GMR (90% CI) for Cmin, unbound in third trimester versus
postpartum was 0.86 (0.50-1.48) and indicating a minimal impact of pregnancy. In the
third trimester, fu increased with an estimated 20% versus postpartum. Ten paired umbili172
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cal cord blood and maternal blood samples were collected. The geometric mean (IQR) cord
blood-to-maternal blood ratio for dolutegravir was 1.29 (1.23-1.50).

A

B

Figure 3. Individual dolutegravir total trough plasma concentrations 24 hours after intake (Ctrough) (A)
and unbound minimal plasma concentrations (B) during the third trimester of pregnancy and postpartum.
Grey horizontal lines indicate proposed minimal thresholds for viral inhibition for total (0.32 mg/L) and unbound
plasma concentrations (0.85 µg/L).

Maternal and infant safety and efficacy outcomes
Seven patients reported a total of 11 adverse events, including 4 serious adverse events
(SAE), that were considered unlikely or not related to dolutegravir by the treating physician.
SAEs included one intrauterine fetal death, at 34 weeks of pregnancy, which was probably
caused by cholestasis of pregnancy syndrome; two hospital admissions due to suspected
pre-eclampsia/HELLP-syndrome; and one congenital abnormality (hypospadias), unlikely to
be related to dolutegravir exposure as other cases in the child’s family were reported.
Where reported molecular tests for HIV were negative (n =14) with three unknown. Birth
weight of two infants (2,120 g and 2,305 g) was considered low (<2,500 g). Other delivery
and pregnancy outcomes are shown in Table 1.
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DISCUSSION
Data in this study support the use of standard once-daily 50 mg dolutegravir during pregnancy in HIV-positive women. In this study, dolutegravir-based regimen were well tolerated
during pregnancy. Efficacy of dolutegravir-based ART is supported by the undetectable
HIV-1 RNA viral load (<50 copies/mL) in all women approaching delivery (third trimester),
and also reflected by the prevention of MTCT of HIV to all infants born to these mothers.
In our small study population, dolutegravir was generally well tolerated during pregnancy
and postpartum. One stillbirth was reported after initiation of dolutegravir in the second
trimester of pregnancy and was attributed to pregnancy-related cholestasis syndrome as
reported by the treating physician. The Tsepamo study raised concerns regarding a small,
but significant increased risk for NTDs in infants born to mothers with pre-conception
and first trimester exposure to dolutegravir.4, 6 Current treatment guidelines still advise
dolutegravir as preferred integrase inhibitor, as long as it is not taken in the first trimester
of pregnancy (within the first 14 weeks of gestation).1 Seven women in our study initiated
dolutegravir-based ART before conception or in the first trimester and none of the infants
born were diagnosed with NTDs.
Pharmacokinetic results reflect appropriate exposure to dolutegravir in pregnancy as unbound minimal plasma concentrations were equal in third trimester versus postpartum. In
addition, in third trimester, >90% of individual unbound minimal plasma concentrations
were above the proposed threshold and total trough plasma concentrations showed a nonclinically relevant decrease. This interpretation is supported by the relatively wide therapeutic window of dolutegravir; once-daily 10 mg dolutegravir versus 50 mg dolutegravir,
both combined to a nucleoside backbone, resulted in 91% versus 90% of subjects with
undetectable viral load, respectively, after 48-weeks of treatment with corresponding total
geometric mean trough plasma concentrations of 0.30 mg/L (10 mg arm) and 1.20 mg/L
(50 mg arm). A 29% decrease in total trough plasma concentration resulting in geometric
mean Ctrough of 0.68 mg/L in the third trimester of pregnancy is therefore not considered
to be of clinical relevance.
Our data are in line with other studies on dolutegravir pharmacokinetics during pregnancy.14 Mulligan et al. (IMPAACT P1026s protocol) also found similar median AUC0-24h
(49.2 µg*h/mL) in third trimester versus postpartum (65.0 µg*h/mL), and a 34% decrease
in trough concentrations in the third trimester.15 In a smaller pharmacokinetic analysis by
Wait et al. AUC0-24h, Cmax and Ctrough were 39.4 mg*h/L, 2.6 mg/L and 0.8 mg/L (n=7), respectively, in pregnant women enrolled late in pregnancy in antenatal clinics in Cape Town
and Kampala.16 In addition, in our study, dolutegravir pharmacokinetic parameters at the
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postpartum visit were comparable to those found in non-pregnant HIV-positive patients on
50 mg QD reported by van Lunzen et al. (GM (CV%) AUC0-24h 48.1 (40) mg*h/L, Cmax 3.40
(27) mg/L and Ctrough 1.20 (62) mg/L).17 The cord blood-to-maternal blood ratio of 1.29
indicates efficient transport of dolutegravir across the placenta and is in line with previously
reported median (IQR) ratio of 1.25 (0.68-1.68) by Mulligan et al. (n=18).15
To our knowledge, data on unbound (‘effective’) dolutegravir plasma concentrations in
pregnancy have not been reported before. As mentioned earlier, unbound dolutegravir
plasma concentrations might better reflect the level of exposure to dolutegravir in
pregnancy than total plasma concentrations, because albumin levels decrease during the
course of pregnancy.18 For highly albumin-bound drugs, such as dolutegravir, total plasma
concentrations may decrease in pregnancy, while unbound plasma concentrations at the
target site may stay unaffected. In line with this, our data revealed a slight decrease in albumin levels in the third trimester versus postpartum. This could have caused the increased
fraction unbound of dolutegravir that we observed in pregnancy versus postpartum.
Besides decreased plasma protein binding, there are other pregnancy-related physiological
changes that might alter the pharmacokinetics of a drug during the course of pregnancy.
For example, it is suggested that pregnancy induces several metabolizing enzymes, including uridine diphosphate glucuronosyltransferases (UGT). Formation of dolutegravir’s main
metabolite, the inactive dolutegravir-glucuronide, is catalyzed by UGT1A1 and might be
affected during pregnancy.19-22 However, in our study no significant difference in the molar
metabolic ratio for dolutegravir glucuronide AUC0-24h versus total dolutegravir AUC0-24h in
pregnancy was observed.
There are a few limitations to our study. First, the concurrent use of HIV and non-HIV comedication by some women might have lowered exposure to dolutegravir. Two women were
on ART including ritonavir boosted darunavir. This combination causes a, non-clinically
significant, decrease of approximately 38% in dolutegravir trough plasma concentrations,
probably through induction of UGT1A1 by ritonavir and/or darunavir.23 As darunavir/ritonavir was used throughout the entire study period, it is unlikely that GMRs were affected.
Patients who used cation-containing comedications were instructed to separate intake in
time from ART-intake, whereby influence on dolutegravir absorption was limited. Second,
within the PANNA study pharmacokinetics are studied after intake of antiretrovirals with
food. Dolutegravir can be taken with or without food, however, food can increase dolutegravir exposure by up to 66%.24 In routine patient care, individual dolutegravir trough
concentrations in third trimester might be slightly lower if women take dolutegravir on an
empty stomach.
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In conclusion, the standard once daily 50 mg dolutegravir dose, taken with food, showed
an adequate exposure levels in the third trimester of pregnancy. These findings, coupled
with the undetectable viral loads in all women approaching delivery and their infants,
suggest uncompromised efficacy of dolutegravir during pregnancy and support the use of
dolutegravir-based ART for the benefit of HIV-positive women and to prevent of MTCT of
HIV.
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Discussion and future perspectives

The overall objective of this thesis was to ‘push boundaries’ in the global use of dolutegravir by making use of clinical pharmacology principles. In this concluding chapter the
main outcomes of the research presented in this thesis are summarised and remaining
challenges are identified (Table 1). In addition, gained knowledge is put into perspective
and future research areas are identified.
Based on the conducted research in this thesis, and in my personal opinion, there are three
main topics to address in order to improve future development and the optimization of the
global use of newly developed antiretrovirals:
1) Pharmacokinetic (PK)/pharmacodynamic (PD) relations and minimal exposure targets for
new antiretroviral drugs in pharmacology research.
2) Evaluation and acceleration of research and development of paediatric drug formulations.
3) The application of good quality post-marketing pharmacovigilance trials.

1) PK/PD relations and minimal exposure target levels for new
antiretroviral drugs in pharmacology research
Knowledge on target drug levels and PK/PD relations is essential for interpretation of pharmacology research outcomes in special patient populations. Our knowledge on, and the
interpretation of dolutegravir exposures evolved while working on the projects described
in this thesis. Initially, we compared our results on dolutegravir trough concentrations
(Ctrough) to the in-vitro inhibitory concentration necessary to inhibit 90% of viral replication
(IC90), a measurement that reflects the ability of a drug to inhibit HIV-1 viral replication.
However, later on we decided it would be more appropriate to use the minimal effective
concentration (EC90) of 0.32 mg/L derived from in-vivo data as minimal threshold above
which maximal viral replication is achieved with dolutegravir. Usually, phase I or early phase
II dose-finding studies demonstrate the optimal dose of a drug for the general target adult
population. Thereafter, the selected dose is further evaluated for safety and efficacy in
phase II and large-scale phase III clinical trials. If results are satisfactory the selected dose
is confirmed. In contrast to this, dose-finding in (smaller) subgroups with special patient
populations, such as pregnant women or in infants, is often based on PK studies alone.
In the absence of long-term good quality efficacy data for these subgroups, the level of
exposure to a drug can serve as surrogate outcome to predict efficacy, and sometimes
safety, provided there is a relation between the PK/PD for the drug of interest. Key assumptions, or premises, for this approach are that disorder, disease progression and tolerability
of the drug are the same in these special populations as for adult patients from historical
reference data. If these criteria are met, exposures achieved in adults on standard licenced
doses serve as target for exposure in special populations. As a consequence, a high level
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Remaining challenges & comments
• It is desirable for laboratories to participate
in global proficiency testing programs in
order to facilitate comparison of PK results
in research.

Main outcomes
• A
 n UPLC-MS/MS quantification method successfully
developed following EMA guidelines.
• Upon blood sample collection stability for DTG in
blood/plasma is limited.

Aims

• T
 o develop a validated UPLC-MS/
MS bioanalytical method for
simultaneous quantification of five
ARVs.

Development and validation of an UPLC-MS/MS bioanalytical method for simultaneous quantification of the antiretroviral drugs
DTG, EVG, raltegravir, nevirapine and etravirine in human plasma

• S ubjects included in RCTs do not reflect realworld patient settings.
• Confirmation of the safety and efficacy
profile of new ARVs in post-marketing
phase IV pharmacovigilance trials is highly
desirable to position new drugs in our
treatment armamentarium.

• T
 o evaluate incidence rates and
risk factors for DTG- and EVGbased cART discontinuation in the
Netherlands.

Chapter 4

Remaining challenges & comments

Main outcomes
• D
 iscontinuation rates for AE were higher compared to
RCTs; risk factors independent of the use of DTG- or
EVG-based cART for cART-naïve patients were: being
of non-Western origin and a CD4+ T-cell count <200
or ≥500 cells/mm3. For cART-experienced patients:
age ≥60 years, psychotropic drug use, and prior
discontinuations for AE.

Aims

Patient characteristics rather than choice for DTG or EVG determine the likelihood of cART discontinuation; evidence from the
ATHENA national observational HIV cohort study in the Netherlands

• N
 eed for additional information on longterm safety and efficacy of DTG use outside
randomised controlled trials, especially
for special subpopulations, such as young
children, pregnant women, co-infected
patients and elderly.

• D
 TG has favourable safety profile, a relatively high
barrier to resistance and few drug-drug interactions,
but is vulnerable if combined to strong enzyme
inducers or complexating agents reducing its
absorption.

Chapter 3

Remaining challenges & comments

Main outcomes

• T
 o summarize the pharmacokinetics
and pharmacodynamics of DTG,
used as single tablet FDC regimen
with abacavir and lamivudine.

Clinical pharmacokinetics and pharmacodynamics of DTG used as a single tablet regimen for the treatment of HIV-1 infection

Aims

Chapter 2

Table 1. Overview of the aims, main outcomes, and remaining challenges of the chapters in this thesis.

Chapter 10

PART II

PART III

Remaining challenges & comments
• Practical dosing recommendations for
younger children (<20 kg) are still needed.
• A safe and effective dose for children with
documented or suspected viral resistance to
INSTIs remains unknown.
• Providing durable access to paediatric
formulations remains challenging in
the light of the decreasing HIV-infected
paediatric population.

Main outcomes
• Approved paediatric DTG doses with FCTs for children
20 to <40 kg result in exposures below adult target
levels.
• Adult 50 mg FCTs QD provide adequate PK and allow
for practical dosing and rapid access to DTG in LMICs.
• 30 mg with dispersible tablets QD can serve as an
alternative for children >20 kg unable to swallow FCTs.
• WHO has released new paediatric dosing guidelines in
response to these data.

• To evaluate pragmatic DTG dosing
for children using a minimal
number of formulations and using
WHO weight bands.

simplified Dtg dosing for HIV-infected children weighing ≥20 kg; multicentre pharmacokinetic and safety substudies within the
oDyssey randomised trial

Aims

Chapter 7

• Total and unbound DTG concentrations decrease during • Unbound concentrations should be
VPA co-administration, but individual unbound DTG
measured in DDI studies that evaluate
trough levels remained above the proposed in-vitro
highly protein bound drugs.
protein-unadjusted EC90. This DDI is considered non• The interpretation of total glucuronide
metabolite levels in combination with
clinically relevant.
protein displacement is challenging.
• Protein displacement of DTG from plasma proteins
contributed to the observed decrease in total
concentrations.

• To determine whether this DDI is
clinically relevant and how to deal
with it in routine patient care.
• To gain insight in the underlying
mechanisms that cause this DDI.

Remaining challenges & comments

Main outcomes

Aims

the Dtg-VPA drug-drug interaction is based on protein displacement and unlikely to be clinically relevant

• Effects of feeding tubes (adsorption to tube
material, exit location) remain unknown.
• Intake of a crushed DTG FDC with high
fat solid food, may lead to high plasma
concentrations in patients on BID dosing.
As a clear PK/PD relationship for toxicity
has not fully been elucidated, in this case
additional monitoring for side-effects is
recommended.

• Increased DTG exposure after intake of a crushed and
suspended FDC tablet with or without oral intake
of enteral nutrition (compared to intake of a whole
tablet) is considered clinically non-relevant. PK for ABC
and 3TC are less affected by crushing.
• DTG FDC tablets can be crushed for adult patients
with swallowing difficulties and can be administered
simultaneously with enteral nutrition.

• To investigate whether the
DTG, abacavir, lamivudine FDC
combination tablet can be crushed
and combined with enteral
nutrition without inﬂuencing PK.

Chapter 6

Remaining challenges & comments

Main outcomes

Crushing of Dtg fixed-dose combination tablets increases Dtg exposure

Aims

Chapter 5
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Main outcomes

Pharmacokinetics of DTG co-administered with RIF in HIV/TB co-infected children

PART III

• Q
 uantification of free drug concentrations
(and metabolites) should become common
practice for PK studies with highly protein
bound drugs in pregnancy.
• New approaches to accelerate the uptake
of recommendations on adjusted dosing
in pregnancy in drug labels are urgently
needed.

• O
 nce-daily DTG 50 mg with food results in adequate
DTG exposures in 3T.
• Individual minimal unbound plasma concentrations
were above the proposed target in >90% of pregnant
women in 3T.
• Fraction unbound was 20% lower in 3T and no
significant change was observed in the DTGglucuronide molar metabolic ratio.

3T, third trimester; AE, adverse events; ATHENA, the AIDS Therapy Evaluation in the Netherlands national observational HIV cohort; BID, twice-daily; DDI, drug-drug interaction;
DT, dispersible tablet; DTG, dolutegravir; EMA, European Medicines Agency; FCT, film-coated tablet; FDC, fixed-dose combination; INSTI, integrase strand transfer inhibitor;
LMICs, low- and middle income countries; PD, pharmacodynamics; PK, pharmacokinetics; PP, postpartum; QD, once-daily; UPLC-MS/MS, Ultra Performance Liquid Chromatography - tandem mass spectrometry; VPA, valproic acid; WHO, World Health Organization.

Remaining challenges & comments

Main outcomes

• T
 o evaluate DTG total, unbound
and glucuronide metabolite
concentrations in HIV-positive
women in the 3T of pregnancy and
PP.

The effect of pregnancy on the pharmacokinetics of total and unbound DTG and its glucuronide metabolite

• C
 onfirmatory HIV-treatment outcomes for
HIV/TB co-infected children on DTG BID +
RIF within the ODYSSEY-trial are awaited.
• The DTG dosing strategy should be
confirmed for children <6 years because
glucuronidation enzymes might not be fully
maturated yet in very young children.

Remaining challenges & comments

Aims

Chapter 9

• BID dosing is sufficient in HIV/TB-coinfected children
• T
 o confirm that the DDI between
using a RIF-containing TB regimen to overcome the
DTG and RIF in HIV/TB-coinfected
inducing effects of RIF on dolutegravir’s metabolism.
children aged 6 to <18 years can be
mitigated by doubling the standard • Exposure on DTG BID + RIF is comparable to DTG QD.
DTG dose to BID.

Aims

Chapter 8
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of prior knowledge on PK/PD relations and target levels is indispensable if this approach
is used for dose-finding and confirmation in these special patient populations. The same
applies to the evaluation of drug-drug interactions (DDIs).
The marketing authorisation holder for dolutegravir (ViiV Healthcare) conducted a reasonable number of studies to elucidate whether there is a PK/PD relationship for dolutegravir,
and to identify minimal exposure targets. One of these, a study on the in-vitro antiretroviral
properties of dolutegravir, found a value of 38 nM for the protein-adjusted half-maximal
effective concentration (PA-EC50) extrapolated to 100% human serum albumin.1 The in
vitro protein adjusted IC90 of 0.064 mg/L was derived from these results. For many antiretrovirals, including dolutegravir, a relationship is observed between efficacy and exposure
expressed as minimal or though plasma concentration levels.2, 3 The in-vitro IC90 is often
used as a reference for minimal target plasma concentrations. Efficacy is attained if minimal
or trough plasma concentrations, reflecting the concentration in susceptible target tissues
and cells, remain above this in-vitro protein adjusted IC90. The use of the in-vitro IC90 value
as reference for in-vivo exposures has several disadvantages. First, in-vitro testing is mostly
conducted with wild-type HIV virus subtypes (often group M, subtype B). The B subtype
is most prevalent in Western countries, whereas for example in South Africa 50% of HIVinfections are with subtype C variants. This limits the extrapolation of wild-type in-vitro
IC90 reference values to other populations in which different HIV strains are prevalent.4
In addition, in a population, virus subtypes can have a different number of (integrase)
resistance associated mutations, which can modulate the degree of susceptibility to a drug.
Therefore, the in-vitro protein-adjusted IC90 does not always adequately reflect minimal
inhibitory concentrations that are required in-vivo. For instance for nevirapine, a nonnucleoside reverse transcriptase inhibitor (NNRTI), it was demonstrated that the in-vitro
IC90 does not reflect the in-vivo EC90.5 Because of the limitations described, the IC90 should
be considered as a relatively rough estimation if used as a minimal in-vivo target.
Antiretroviral potency of dolutegravir was further demonstrated in a proof-of-concept phase
IIa study by Min et al.3 In this 10-day monotherapy dose ranging study, daily dolutegravir
doses of 2, 10 and 50 mg were tested for their antiretroviral activity in HIV-1 infected male
patients (predominantly of European heritage/Caucasian; >70% across tested doses). A
predictable dose-response (PK/PD) relation was demonstrated as antiviral activity increased
with increasing dolutegravir doses. The relationship between PK parameters (Area under
the plasma concentration-time curve (AUC0-tau), maximal plasma concentration (Cmax) and
trough plasma concentration (Ctrough)) and viral load reduction was explored with an Emax
model. Plasma HIV-1 RNA reduction was best predicted by Ctrough. The Emax model demonstrated an in-vivo EC50 of 0.036 mg/L, with a corresponding estimated EC90 of 0.32 mg/L.3
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In another subsequent phase IIB study (SPRING-1), treatment-naïve adults were randomly
allocated to treatment with 10 mg, 25 mg, or 50 mg dolutegravir, combined with two
nucleoside reverse transcriptase inhibitors (NRTIs), or efavirenz 600 mg combined with
two NRTIs. Across all dolutegravir doses a rapid and sustained antiviral response was
observed through week 48; 91%, 88% and 90% of subjects on 10 mg, 25 mg or 50 mg,
respectively, had plasma HIV-1 RNA < 50 copies/mL versus 82% in the efavirenz arm.6
Corresponding geometric mean trough concentrations for dolutegravir 10 mg, 25 mg and
50 mg doses were 0.30 mg/L, 0.54 mg/L and 1.20 mg/L (Table 2). The PK/PD analyses from
this trial did not show a relationship between plasma dolutegravir exposure, expressed
as AUC, Cmax or Ctrough, and week 2 virologic outcomes. In addition, plasma dolutegravir
Ctrough showed no correlation with time to virological failure at week 48. The absence of an
exposure-response relation within the SPRING-I trial is supportive of the 50 mg, 25 mg and
10 mg doses being at the maximum of the dose-antiviral response curve and demonstrate
that dolutegravir 10 mg QD was comparably efficacious with sustained antiviral activity
as compared to a higher 50 mg QD dose. Taken together, based on the SPRING-I trial,
dolutegravir combined to 2 NRTIs in treatment naïve HIV-1 positive adults has a plasma
trough in-vivo therapeutic range of range of 0.30 mg/L to 1.20 mg/L.
In summary, for treatment-naïve patients, the real prognostic minimal effective concentration for viral inhibition with the use of dolutegravir-based ART probably rests between
0.064 and 0.32 mg/L.
In general, modern antiretrovirals are more robust in terms of exposure with and cases of
virological failure are rare. Also, the therapeutic window is relatively wide and in treatmentnaïve patients using the standard dolutegravir dose have average minimal plasma concentrations at steady-state that are multiple times above IC50/90 or EC50/90 values. This is often
referred to as having a high inhibitory quotient (IQ), a ratio of the exposure and IC50/90 or
/EC50/90. The high efficacy and low numbers of virological failures with dolutegravir-based
therapies, limits the possibilities to define in-vivo exposure thresholds with high sensitivity
and selectivity.
If we now turn to exposure-response relation for dolutegravir in treatment-experienced
HIV-positive adults, we could argue if geometric mean trough plasma concentrations
between 0.064 and 0.32 mg/L are sufficient in pre-treated populations. The phase III randomised controlled non-inferiority (SAILING) trial evaluated dolutegravir 50 mg once-daily
versus raltegravir 400 mg twice daily in integrase inhibitor naïve subjects with resistance
to two or more classes of antiretroviral drugs. Dolutegravir or raltegravir were added to
an investigator selected background regimen that consisted of at least two drugs (one
considered fully active). PK subanalysis revealed that subjects with lower pre-dose (C0)
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dolutegravir plasma levels (median C0 of 0.26 mg/L in the lowest quartile) had lower
response rates (76%) than the rest of the subjects across the remaining quartiles (81% to
87%). One of the explanations was that these subjects were more likely to have been using
concurrent CYP3A inducers, such as efavirenz (geometric mean C0 in this subgroup was
0.17 mg/L; response rate 62%). Geometric mean C0 for subjects with one or more plasma
concentration measurements that were below the limit of quantification, indicative for
poor adherence, was 0.24 mg/L with a corresponding response rate of 57% at week 48.7, 8
In integrase-experienced subjects participating in the phase IIb VIKING study, the standard
once-daily 50 mg dose resulted in lower response rates as compared with integrase inhibitor naïve subjects after 24 weeks of treatment.9 Response rates were higher (75%) in
subjects enrolled to treatment with dolutegravir 50 mg twice-daily, while adverse events
(laboratory and clinical) remained comparable to the 50 mg once-daily dose regimen. This
study provided the basis for the selection of the twice-daily dolutegravir dose in integrase
experienced patients. Responders and non-responders using twice-daily 50 mg dolutegravir
had similar exposures; C0 2.48 and 2.31 mg/L, respectively. IQ was lower in non-responders
and probably driven by higher EC50 (viral susceptibility at baseline) values; EC50 in first
versus fourth quartile for IQ was 5.11 versus 0.71 µg/mL.8 These subanalyses underline
the importance of baseline susceptibly on treatment response and for interpretation of PK
results in treatment-experienced subjects.
Another important issue for interpretation of PK data is the PK/PD relation between
drug exposure and toxicity. Phase II/III RCTs showed that once-daily 50 mg dolutegravir is
well-tolerated and can be used safely well onto the plateau part of its exposure-response
curve. No clear dose-limiting toxicity was observed in registrational trials with once- or
twice-daily dosing. So far, post-marketing, evidence for dose related toxicity with the
use of dolutegravir is limited to a study in 107 Japanese patients where plasma trough
concentrations >1.06 mg/L were associated with more neuropsychiatric adverse events
(dizziness, insomnia, headache and anxiety).10 Another study by Elliot et al. did not find
an association between increases in dolutegravir PK parameters and quality of sleep and
cognition in HIV-infected patients aged 60 and over.11
In current literature, researchers refer to dissimilar values to compare their PK outcomes
from clinical pharmacology trials with. For example, Wang et al. conducted a DDI study
in healthy volunteers and evaluated whether 100 mg dolutegravir once-daily would be
sufficient to overcome the inducing effects of rifampicin on dolutegravir’s metabolism.
A substantial reduction in trough plasma concentration was observed with a geometric
mean (95% confidence interval) Ctrough of 0.25 (0.19-0.34) mg/L. Exposure was considered
to be well above the protein adjusted in-vitro IC90 of 0.064 mg/L and authors concluded
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that once-daily 100 mg dolutegravir might be an option for further evaluation in HIV/TB
co-infected patients.12 In contrast to this, Dooley et al. in another DDI study with rifampicin
and dolutegravir, refer to 0.30 mg/L as target concentration ─ based on 10 mg dolutegravir
arm in the SPRING-1 trial ─ and secondary to the protein-adjusted in-vitro IC90.13
For comparison of our own PK data on dose-finding from the ODYSSEY-trial (chapter
7) we choose 0.32 mg/L as minimal target for individual plasma trough concentrations.
In the ODYSSEY-trial, 700 African integrase inhibitor naïve children aged <18 years old
starting first-line or second-line ART were randomised to receive dolutegravir-based ART
versus standard of care. Trough plasma exposures on approved dolutegravir doses with
film-coated tablets (approximately 1 mg/kg; 25 mg in 20 to <30 kg and 35 mg in 30 to
<40 kg) were lower than we had anticipated beforehand; geometric mean Ctroughs were
0.32, 0.39 and 0.46 mg/L in children weighing, 20 to <25 kg, 25 to<30 kg and 30 to <40
kg, respectively (Table 2). Out of 40 children, who underwent PK evaluation on approved
dosing, 12 (30%) children had individual trough exposures below 0.32 mg/L. Whether
these exposures represent less robust treatment remains unknown as data on HIV-1 RNA
virological outcomes from ODYSSEY are not available yet. Future PK/PD analyses using
ODYSSEY data might inform us more on optimal exposure targets in this special (paediatric) patient population. For evaluation of dolutegravir PK in pregnancy and in the DDI
with valproic acid, we referred to a proposed in-vitro protein unadjusted IC90 for unbound
concentrations. To our knowledge there is no PK data on unbound levels in real-life cohorts
of HIV-positive patients to refer to. This is another setting where additional good quality PK
data might help to interpret results from clinical pharmacology studies, in the absence of
primary endpoints on HIV-1 viral load suppression within a large trial population.
In conclusion, adequate knowledge on PK/PD relations in-vitro and in-vivo will help to
accelerate the drug development process and is essential for dose optimization of new
antiretroviral drugs for special patient populations. The interpretation of PK parameters in
the light of inhibitory quotients, in which PK and virological measures are integrated, requires further elaboration. Especially, interpretation of PK results in treatment-experienced
patients would benefit from this. Also, it would be helpful if available reference PK data
is available at early stage in drug development and is described in sufficient detail. Continuous efforts should be made to investigate and validate in-vivo PK targets and PK/PD
relations for use in clinical pharmacology studies in special patient populations.
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table 2. Overview of dolutegravir main PK parameters (AUC0-24h, Cmax and Ctrough) for subpopulations living with
HIV on doses evaluated in this thesis and historical reference values from literature.
Population

Dosage and AUC0-24h Cmax
frequency
(mg*h/L) (mg/L)

Ctrough
(mg/L)

Children DTG
20-<25 kg

50 mg QD
a

30 mg QD

71.4 (26) 7.16 (26) 0.76 (73)

25 mg QD

30.0 (41) 3.20 (40) 0.32 (94)

50 mg QD

58.6 (28) 5.41 (25) 0.77 (43)

25 mg QD

33.1 (23) 3.16 (24) 0.39 (48)

50 mg QD

53.5 (32) 5.22 (25) 0.63 (49)

35 mg QD

40.3 (35) 3.98 (28) 0.46 (63)

6-<18 years

25/50 mg
QD

48.7 (54) 4.18 (48) 0.68 (91)

6-<18 years (with RIF)

25/50 mg
BID

49.8 (18)a 3.64 (21) 0.98 (18)

Third trimester

50 mg QD

40.8 (35) 3.15 (31) 0.68 (84)

Postpartum

50 mg QD

47.0 (42) 3.34 (32) 1.03 (68)

Adults DTG – VPA

50 mg QD

-

Adultsb DTG crushed

50 mg QDb

87.5 (15) 4.94 (18) -

Treatment naïve adults, phase IIa3

50 mg QD

43.4 (20) 3.34 (16) 0.83 (26)

Treatment naive adults, phase IIB 6

50 mg QD

48.1 (40) 3.40 (27) 1.20 (62)

25 mg QD

23.1 (48) 1.71 (43) 0.54 (67)

10 mg QD

16.0 (40) 1.10 (37) 0.30 (71)

25-<35 kg
35-<40 kg
tHesIs

63.7 (26) 6.34 (27) 0.75 (44)

Children DTG – RIF

LIteRAtURe
ReFeRenCes

Pregnant women

-

0.24 (73)

Treatment-experienced, INI-naïve adults, phase III7 50 mg QD

-

Treatment-experienced, INI-experienced adults
with genotypic evidence of RAL resistance 9, 14

93.4 (50) 5.41 (40) 2.72 (70)

50 mg BID

-

0.8

Data represent geometric means with coefficient of variation (CV%).
BID, twice-daily; DTG, dolutegravir; INI, integrase inhibitor; QD, once-daily; RAL, raltegravir; RIF, rifampicin; VPA,
valproic acid.
a
AUC0-24h was calculated from the AUC0-12h (doubled).
b
HIV-uninfected healthy volunteers.

2) evaluation and acceleration of research and development of
paediatric drug formulations
Development and evaluation of paediatric drug formulations is often time-consuming.
With the increasing success of prevention of mother-to-child-transmission (MTCT) of
HIV, the young paediatric subgroup will become smaller in the future. As a consequence,
access to and development of appropriates paediatric formulations might become even
more challenging than it already is now. A useful overview of challenges that impede
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the implementation and completion of clinical trials of antiretroviral drugs in children
was recently summarized in the 2018 ‘Toolkit for research and development of paediatric
antiretroviral drugs and formulations’.15 While working on the ODYSSEY PK substudies we
were confronted with some of these challenges, in particular with the time-consuming
staggered-dose finding approach based on age or weight bands and the availability and
development of child friendly formulations. It is important to share these experiences
between researchers and disease areas in order to accelerate research and development of
pediatric antiretroviral drug formulations. The next section will first discuss some general
aspects of paediatric study decision making and after that we will share our experiences on
dose-finding within the ODYSSEY trial.
Decisions on what initial regulatory paediatric trials to conduct are often based on the
paediatric study decision tree, depicted in Figure 1. Helpful is the general acceptance
that progression of HIV, response to treatment, and exposure-response relationships, are
comparable for children and adults.15 As a result, according to the paediatric decision tree,
efficacy evidence from adult phase III studies can be extrapolated to children, and only
phase I and II PK and safety data in children are needed to support regulatory approval
in this patient population. This is built on the assumption that the same drug exposure
can be achieved in children as in adults. This approach saves time and costs as paediatric

Figure 1. Paediatric study decision tree. Adapted from: FDA guidance document on Exposure-Response
relationships.17
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phase III trials are not required for initial regulatory filing. Conducting paediatric phase I
and II PK and safety trials remains necessary as absorption, distribution, metabolism and
elimination in children are different from adults.16 The purpose of the paediatric staggered
dose-finding trial designs that step down into younger age or weight-bands, is to decrease
the risk of age-related adverse events from age-specific differences in drug absorption and
metabolism. These regulatory paediatric trials often have to wait for safety data in adults
and this withholds early initiation of paediatric trials. Another major disadvantage of this
staggered approach is that it considerably extends trial duration, especially if the initial
studied dose does not reach the adult reference target exposure as was the case in the
first PK substudies within the ODYSSEY-trial. Results from these initial PK substudies made
us critically review whether it is always necessary to aim for adult exposures with modern
antiretrovirals, for which minimal inhibitory exposure values and adult reference values are
far apart, and which are known for their high efficacy and relatively high forgiveness of
non-adherence.
The registration of the paediatric dolutegravir doses for children weighing 15 to < 40
kg can serve as an example of the difficulties that arise when we aim is to achieve levels
similar to adult exposures with highly potent antiretrovirals. In 2013, once-daily 50 mg
dolutegravir was registered for use in adults and adolescents 12 years of age and above
and weighing at least 40 kg. In 2016, the European Medicines Agency (EMA) approved
paediatric doses, given as 10 mg and 25 mg paediatric film-coated tablets (FCTs), for
use in children weighing 15 kg and above. Approval was based on PK and safety data
from the ongoing phase I/II paediatric dose-finding IMPAACT P1093 trial, evaluating safety,
tolerability and PK for age-appropriate dolutegravir formulations. In contrast to this, the
US Food and Drug Administration (FDA) approved dolutegravir based on the same data
from IMPAACT P1093, but restricted its use to paediatric patients weighing at least 30 kg.
The reason for this was that a subanalysis by the FDA revealed a lower geometric mean
Ctrough level (0.53 mg/L) in children of 20 to <30 kg (n=4) on 25 mg FCTs, and this resulted
in licensing of dolutegravir restricted to children ≥30 kg by the FDA. The 20 mg and 25 mg
FCT dose for younger children weighing 15 to <20 kg and 20 to <30 kg, respectively, were
exclusively licensed by the EMA. In general, aiming for adults exposures will save time and
costs as compared to conducting full paediatric safety and efficacy trials for pediatric dose
registration. However, although it is reasonable to assume similar disease progression and
response to the intervention in paediatrics versus adults, a priori, the benefits of conducting merely PK studies should be carefully weighed against the information that will come
from full phase III safety and efficacy trials in children.
Very important for PK trials in children living with HIV is to conduct research with accessible
or anticipated formulations that are available in settings were the drug of interest is needed
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most. Within the paediatric strategy ODYSSEY trial additional PK data for approved doses
with FCTs, as well as PK and safety for a simplified once-daily practical dosing with adult 50
mg FCTs and a 30 mg dose, with dispersible tablets, in children >20 kg were evaluated. It
was essential to provide these practical dose recommendations, because the originator 10
mg and 20 mg paediatric FCTs are not available in low- and middle-income (LMIC) settings.
Generic adult 50 mg FCTs are currently the only formulation of single-entity dolutegravir
available in LMICs and are also less prone to stock-outs.
As mentioned before, on licensed dolutegravir doses with paediatric FCTs trough concentrations in children 20 to <40 kg within the ODYSSEY PK substudies were substantially
lower compared to historical reference values in adults on dolutegravir 50 mg once daily.
This motivated us to start an early on collaboration between the ODYSSEY-trial group, the
IMPAACT P1093 study group and the marketing authorization holder for dolutegravir ViiV
Healthcare. Trial designs were compared extensively and pooled PK analysis with gained
data from both these ongoing regulatory and strategy trials were conducted. As a result,
this led to a unique situation in which combined PK and safety data from both ODYSSEY
and IMPAACT P1093 will be used for regulatory filing of paediatric dolutegravir doses in
younger children. This collaboration might serve as an example in paediatric research to
mitigate the challenge of recruitment and accelerate drug evaluation for paediatric use.
Antiretroviral drug formulation options are rapidly changing in the dynamic field of paediatric HIV. Therefore, development of paediatric antiretrovirals clearly requires flexibility and
quick and adequate protocol adaptations within ongoing (PK) trials. For example, as the
approved 25 mg FCT dose in children weighing 20 to 25 kg in one of the first substudies
did not achieve adult target exposures, prompt protocol adaptations were made and approval from local ethics committees was requested to conduct an additional PK substudy.
It is important to share these encountered challenges in paediatric drug development and
enable communication between important players in the field to quickly implement and
renew (PK) study designs with new and available formulations. An initiative that focusses
on maximizing coordination and alignment in paediatric HIV research is the Global Accelerator for paediatric formulations (GAP-f).18 GAP-f aims to formalize collaboration
across sectors to ensure accelerated development and uptake of the most needed drugs
and formulations for children. This initiative, as well as the development of the earlier
mentioned toolkit, could serve as example for other disease areas.
The use of the adult dolutegravir formulation in children >20 kg will greatly accelerate
timely access to dolutegravir for children living with HIV. In the future, more incentives
like the mentioned collaborations are needed to optimize and accelerate the process of
drug approval for children. Also, evaluation of choices that were made during trial design
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and development might prove useful insights for the development of other antiretrovirals
for paediatric use. Hopefully other paediatric study groups or partners in paediatrics can
benefit from our experiences on dolutegravir paediatric dose-finding within the ODYSSEY
PK substudies.

3) Application of good quality pharmacovigilance trials
The specific (neuropsychiatric) adverse event profile of dolutegravir is of ongoing debate,
especially with the global roll-out of this predominantly in high-income settings tested
drug. Upon the first report on the high incidence of discontinuations for (neuropsychiatric)
adverse events in a Dutch cohort by van den Berk et al.19, a growing number of similar
reports evaluating discontinuation rates and factors associated with these discontinuations
emerged and are summarized in Table 3. These cohort studies all demonstrate higher
discontinuations rates for dolutegravir-based cART for any event or (neuropsychiatric)
adverse events than compared to large phase III randomised controlled clinical trials (RCTs).
Our evaluation of real-world dolutegravir- and elvitegravir-based ART use in the Netherlands (Chapter 3) revealed a low discontinuation rate for dolutegravir- or elvitegravirbased regimen in general, but higher as compared to the number of discontinuations
reported in RCTs. Discontinuations for any event or for adverse events were more likely for
ART-experienced subjects than ART-naïve and independent of the use of dolutegravir- or
elvitegravir-based ART. Recent evidence that affirmed our findings comes from Llibre et
al. and demonstrates no significant difference in discontinuation rates for any toxicity for
dolutegravir-, elvitegravir- or raltegravir-based regimen. However, they found a significantly
higher risk for discontinuation because of neuropsychiatric adverse events for dolutegravir/
abacavir/lamivudine versus elvitegravir-based regimen.20
There are several possible explanations for the higher discontinuations rates in observational
data compared to RCTs. First of all, in general, registrational studies include highly selected
HIV-infected adults with few comorbidities and of relatively young age (approximately 35
years old)21. As HIV-infection has become a chronic condition and the average age of
HIV-infected patients in real-life has increased over the years. Currently, in the Netherlands
more than 50% of all HIV-infected patients is above 45 years old and the risk for comorbidities is increased among people living with HIV compared to non-HIV infected. 22 Mean
age for patients initiating dolutegravir-based cART was >40 years in the cohort described
in chapter 3, and we found that increasing age was associated with the occurrence of
treatment-limiting (neuropsychiatric) adverse events in cART-experienced patients. This
could have caused higher discontinuation rates in clinical practice than in RCTs. Second,
the fact that many patients started dolutegravir in a relatively short period of time has led
to early identification of specific toxicities. Data by Cuzin et al.23 nicely demonstrate that
dolutegravir-based therapies in their cohort were initiated in a high number of patients
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10.7% discontinued DTG because of AE
and 5.4% because of neuropsychiatric
AE. Risk factors for neuropsychiatric AE:
female sex and older age. Men with
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5.4% discontinued DTG for AE, median
time to discontinuation 180 days; risk
factor: age.
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cause after a median follow-up of 81
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Discontinuation is rarely necessary.

High discontinuation rate due to
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median median follow-up of 225 days.
Risk factor: regimen with ABC.

Results

Table 3. Overview of published post-marketing cohort studies on discontinuations because of adverse events (AE) for dolutegravir-based cART.
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table 3. Overview of published post-marketing cohort studies on discontinuations because of adverse events (AE) for dolutegravir-based cART. (continued)
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within a very short time period, and consequently might have increased our attention for
specific adverse events leading to discontinuation after initiation of dolutegravir. Interestingly, this phenomenon was not observed after the introduction of the other INSTIs,
raltegravir or elvitegravir. In addition, as demonstrated in chapter 3, dolutegravir-based
cART was initiated in patients with risk factors for discontinuation because of toxicity.
Besides age, these were the use of more psychotropic co-medications and prior cART
discontinuations for adverse events. In 2013 dolutegravir was introduced as antiretroviral
agent with a mild toxicity profile, with only few drug-drug interactions. This favourable
profile could have attributed to some substantial channelling bias; physicians might have
been more inclined to select dolutegravir-based cART for patients with multiple comorbidities or (psychotropic) comedications.
In general, pharmacovigilance after approval of a drug is complicated by several issues.
Most studies that evaluated discontinuations rates and adverse events for dolutegravirbased cART after approval concerned retrospective observational cohort studies. Some
examples of common limitations for databases used for this type of studies are uncertainty
about the quality of data collection and the risk for confounding. In addition, not all
relevant risk factors might have been identified and collected in the database. The latter
might lead to a situation in which important patient characteristics that are not collected
and cannot be included in, for example, a multivariate model. Another disadvantage is
that many physicians are involved in patient care and the measurement of risk factors
and outcomes in this setting is less consistent than that achieved with a prospective study
design.
Despite the available data on discontinuations because of adverse events from mostly
retrospective cohort studies, dolutegravir-based therapy remains an effective and well
tolerated treatment option. In general, discontinuation rates because of neuropsychiatric
adverse events with the use of dolutegravir are low. Although these neuropsychiatric adverse events could be a class effect for the INSTIs, multiple cohort studies show that these
events occur more often with dolutegravir-based therapy. Based on the gained evidence so
far, the label for dolutegravir nowadays lists abnormal dreams, depression, anxiety as common psychiatric disorders, and suicidal ideation as (uncommon) adverse events particularly
in patients with a pre-existing history of depression or psychiatric illness.24
More recently dolutegravir was surprisingly associated with weight gain.25 Multiple reports
on weight gain with dolutegravir, and with other antiretrovirals as comparators, are currently emerging in literature.26, 27 This situation resembles the situation that we saw after
the first reports on unexpected high discontinuation rates with the use of dolutegravir
were presented. A growing number of retrospective observational studies will be published
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on this topic. Very important again is that we focus on good quality studies for the evaluation of dolutegravir toxicities and possible side-effects.
Besides evaluation of the general side-effect profile for new drugs in real-patient care,
good quality pharmacovigilance is essential for safe use of new drugs in vulnerable special
patient populations, such as children and pregnant women. For these subgroups rare events
that are difficult to identify in small study populations can become evident if adequate
(national) pharmacovigilance programmes are in place. Post-marketing surveillance data
on toxicities from these programmes can help clinicians and patients in weighing potential
risk and benefits of treatment. The antiretroviral pregnancy registry (www.apregistry.com)
is an example of continuous monitoring of the safety of antiretroviral drugs in HIV-infected
pregnant women. However, estimation of incidence rates of rare events remains challenging as for example, registration of adverse events and toxicities by physicians is not
mandatory and sometimes incomplete.
To conclude, early implementation of good quality pharmacovigilance trials should become
common practice after antiretroviral drug approval. This will ensure more objective research
on real-world use and provide additional information on adverse events and toxicities, and
should include monitoring in diverse target populations and settings. Regular review of
data will ensure safe global use of antiretroviral drugs and help position new drugs in our
treatment armamentarium.
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Knowledge sharing and research uptake
Parts of the research described in this thesis were taken up by several guidelines. The new
dolutegravir paediatric dosing approach with adult 50 mg film-coated tablets was taken up
by WHO paediatric dosing guidelines, as were dose recommendations for combined use of
dolutegravir with rifampicin in children aged 6 years and above.40 In addition, interim PK
and safety data that support the use of once-daily 50 mg dolutegravir during pregnancy
were cited by American guidelines for the use of antiretroviral drugs in pregnant women.41
Furthermore, our interim results on the dolutegravir valproic acid drug-drug interaction
were added to the online Liverpool HIV drug interactions website.42 Also, recommendations on crushing dolutegravir with abacavir/lamivudine fixed-dose combination tablets
were added to the section on administration of antiretrovirals in persons with swallowing
difficulties in the European guidelines for treatment of HIV-positive adults in Europe.43

Concluding remarks
The aim of this thesis was to push boundaries in the global use of dolutegravir, making it
a suitable treatment option for all who need it, by making use of clinical pharmacology
principles. The primarily clinical pharmacology studies described in this thesis provided
dolutegravir dose recommendations for several HIV-positive subgroups and pushed boundaries in universal HIV care with dolutegravir-based cART. Uptake of these research results
in several international guidelines will ensure that our data is easily available to healthcare
workers, patients and other researchers. Hopefully this will contribute to the ending of the
global HIV epidemic by 2030.
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sUMMARy
Today, an estimated 37 million people worldwide are infected with human immunodeficiency virus (HIV), including 1.8 million children. The prevalence is highest on the African
continent, particularly in sub-Saharan Africa. In recent years, enormous progress has been
made in the treatment of HIV. As a result, since the first patients were identified in 1981,
the prognosis for people living with HIV has changed completely. When multiple antiretroviral agents, with different mechanisms of action, are used simultaneously, HIV changes
from a fatal disease into a controllable chronic condition. Nowadays, antiretroviral agents
are very effective at inhibition of HIV viral replication and cause relatively few side effects
compared to antiretroviral agents used in the beginning of the HIV epidemic. In 2014
dolutegravir became available for treatment of HIV in the Netherlands. This agent belongs
to the group of the integrase strand transfer inhibitors.
In Europe and in the United States combined antiretroviral therapy (cART)with an integrase
inhibitor is recommended as initial treatment for most treatment-naïve people with HIV.
The World Health Organisation (WHO) explicitly endorsed dolutegravir-based cART as
first-line antiretroviral regimen for treatment-naïve adults. Also, for treatment of children
living with HIV, WHO recommends the use of dolutegravir-based combined antiretroviral
treatment, provided that a dose is registered for the weight class to which a child belongs.
This means that the dose should be approved by the European Medicines Agency (EMA)
or United States Food and Drug Administration (FDA). Unfortunately, the correct dosage
and safety of dolutegravir has not been (sufficiently) investigated for a number of specific
HIV-infected subpopulations and therefore dolutegravir cannot be used by these specific
subgroups. Examples are HIV-positive pregnant women and young children. In addition,
pharmacokinetic data on expected drug-drug interactions between dolutegravir and commonly used comedication is missing. Sometimes, co-medication is changed, or the dosage
adjusted to circumvent a drug-drug interaction. If this is not possible, then a patient must
switch to another antiretroviral regimen that does not include dolutegravir.
Our goal was to make dolutegravir an accessible treatment option for specific HIV-infected
subpopulations, regardless of age, gender, co-medication and regardless of the geographical setting. The research described in this thesis aimed to push boundaries in the global use
of dolutegravir, making it a suitable treatment option for all who need it, by making use of
clinical pharmacology principles.
The first part of this thesis describes the pharmacokinetics and pharmacodynamics of
dolutegravir. In addition, the use of dolutegravir and elvitegravir, another integrase inhibitor, in real-life patient care is described in the Dutch setting. In the second and third
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part, dolutegravir was investigated using clinical pharmacological methods in a number
of special situations that can occur in clinical patient care and in a number of different
subpopulations living with HIV.

Part I: Dolutegravir pharmacokinetics and pharmacodynamics in adults
Chapter 2 of this thesis provides an overview of the literature on the pharmacokinetics
and pharmacodynamics of dolutegravir, as available shortly after the registration of dolutegravir by the European Medicines Agency in 2014 (European Medicines Agency, EMA). This
review focusses on the dolutegravir once-daily single tablet regimen. Besides dolutegravir,
this combination tablet contains abacavir and lamivudine, that are both nucleoside reverse
transcriptase inhibitors. Phase III studies in treatment-naive and -experienced adults living
with HIV show that dolutegravir is highly effective in combination therapy and non-inferior
to other frequently used treatment regimens. The chance of developing viral resistance is
smaller with the use of dolutegravir than with other integrase inhibitors, such as elvitegravir
and raltegravir. Due to the combination with abacavir, patients should be screened for the
presence of the HLA-B*5701 allele prior to use of the combination tablet. Use of abacavir
by HLA-B * 5701 carriers is contraindicated because they are at higher risk of developing a
hypersensitivity reaction to abacavir. In addition, the combination tablet with dolutegravir
is less suitable for patients with hepatic impairment. In patients with HIV and hepatitis
B co-infection, use of a nucleoside backbone with tenofovir is preferable to abacavir, as
tenofovir is also active against the hepatitis B virus. Abacavir is associated with a higher
risk for myocardial infarction in some, but not all, cohort studies, and is therefore better
avoided in patients with a high cardiovascular risk. In these last two situations dolutegravir
can be added as a separate tablet to the nucleoside backbone of choice.
After approval by regulatory authorities new antiretroviral drugs are used on a larger scale
and for a longer period than in the controlled setting of randomized phase III clinical trials.
In addition, routine daily practice, the patient population that is selected for dolutegravirbased cART is less homogeneous than the population included in registrational trials. As a
result, the side effect profile in real-life patient care might differ from what was expected
based on the registrational phase III trials. To investigate this for dolutegravir in Dutch adults
living with HIV, a retrospective analysis was performed with data from the prospectively followed national ATHENA cohort (Chapter 3). cART discontinuation rates for 1) any reason,
2) adverse events, and 3) neuropsychiatric adverse events were determined, separately
for cART-naïve and –experienced patients. Associations between patient characteristics,
the specific integrase-inhibitor used, and time-to-cART discontinuation, were evaluated
through multivariable Cox proportional-hazards models. Overall, the number of patients
who discontinued dolutegravir or elvitegravir-based cART due to (neuropsychiatric) side
effects were higher than was observed in the registrational trials for dolutegravir, especially
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in cART-experienced patients. No difference was found in the risk of discontinuation of
dolutegravir- or elvitegravir-cART due to adverse events. Various risk factors for discontinuation due to any reason and due to (neuropsychiatric) side effects were found. cART-naive
patients of non-Western origin or patients with a low (<200 cells/mm3) or high CD4 T-cell
count (≥500 cells/mm3) were more likely to stop dolutegravir- or elvitegravir-based cART
due to side effects. In cART-experienced patients, higher age (≥60 years), use of psychoactive medication (or use of these in the past) and previous discontinuation of antiretroviral
treatment due to side effects were associated with a higher risk of discontinuing the current cART. This regardless of the use of dolutegravir or elvitegravir. Discontinuation due
to the occurrence of neuro-psychiatric adverse events in treatment-experienced patients
was associated with higher age (≥60 years). This research demonstrates the importance of
adequate post-marketing pharmacovigilance to position new antiretroviral agents in our
current treatment armamentarium.

Part II: Clinical pharmacology studies with dolutegravir
Clinical pharmacologoly research on drug pharmacokinetics requires quantification of
exposure to a drug. We know that a minimal exposure to dolutegravir is required for
effective inhibition HIV replication. This relationship between exposure and effect forms
the basis for clinical pharmacological research with the aim of optimizing drug efficacy
and safety. Chapter 4 therefore describes the development and validation of a bioanalytic
ultra high-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)
analysis method for simultaneous quantification of five antiretroviral agents in blood
plasma, including dolutegravir. This is one of the bioanalytical methods used to determine
the pharmacokinetic outcome measures in the clinical pharmacological studies described
in Parts II and III of this thesis.
The combination tablet with dolutegravir is quite large (approx. 22 mm × 11 mm) and
intake can be problematic for patients with swallowing difficulties. In chapter 5 we show
that intake of a crushed combination tablet with dolutegravir, abacavir and lamivudine
(and also if added to tube feeding) leads to a higher exposure to dolutegravir than when a
whole tablet is taken. The exposure after intake of a crushed tablet remains below historical
reference data on exposure to dolutegravir dosed 50 mg twice a day, which is the highest
approved dolutegravir dose. It is therefore concluded that the dolutegravir combination
tablet may be crushed to allow intake for patients with swallowing difficulties and for
patients depending on enteral tube feeding.
The number of people living with HIV who are over the age of 50 years old is increasing.
As a result, the use of comedications next to cART, to treat non-HIV co-morbidities, is more
common. Drug-drug interactions (DDIs) between antiretroviral agents and these comedica209
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tions can occur and sometimes an intervention is needed to prevent loss of effectiveness
of cART or comedications. Valproic acid is a drug that is used in for example epilepsy and
in the treatment of bipolar disorder. One report was published on a suspected interaction
between valproic acid and dolutegravir, in which exposure to dolutegravir decreased. However, this article described only two cases and only total dolutegravir plasma concentrations
were measured. Both dolutegravir and valproic acid bind highly to plasma proteins, but only
the unbound plasma concentration is pharmacologically active. Quantification of unbound
plasma concentrations, would thus lead to a better understanding and interpretation of
this DDI. As it remained unclear whether patients could use dolutegravir and valproic acid
together without loss of efficacy we initiated a drug-drug interaction study between dolutegravir and valproic acid in HIV-positive patients enrolled in the LUNA (‘Latency revising
agents United as a Novel Anti-HIV strategy’) trial (Chapter 5). Interim data show that
the total dolutegravir plasma concentration, i.e. the concentration of the plasma protein
bound and unbound fraction, drops sharply when valproic acid is used concurrently. The
mean unbound plasma concentration remained above the proposed minimum effective
concentration (the EC90) for free plasma concentrations. The dolutegravir fraction unbound
was higher with concomitant use of valproic than without. Therefore, it seems likely that
valproic acid displaces dolutegravir from protein binding and that this is the main cause
for the decrease in total dolutegravir levels we observed. This DDI can thus be considered
clinically irrelevant. The use of valproic acid in HIV-infected patients should therefore not
be an obstacle for instantiation of dolutegravir-based cART or for the addition of valproic
acid to dolutegravir-based cART.

Part III: Pharmacokinetics of dolutegravir in children and pregnant
women
The WHO recommends the use of dolutegravir-based cART as preferred option for the
treatment of HIV-infected children, provided that a child belongs to a weight-band for
which a registered dose is known. Dolutegravir is registered for children weighing ≥15
kg by the EMA and for children weighing ≥25 kg by the FDA. However, there are some
important limitations to the use of these registered pediatric dolutegravir doses. First,
pharmacokinetics for doses intended for children weighing 15 to <25 kg were only investigated in a limited number of children. As a result, the FDA restricted approval of pediatric
dolutegravir doses to children weighing ≥30 kg. Second, the approved pediatric doses for
children ≥ 15 kg (EMA) and ≥ 30 kg (FDA) are not very practical, because they require the
use of special 25 mg and 10 mg pediatric film-coated tablets. Unlike generic 50 mg tablets
for adults, these pediatric tablets are not yet available in low and middle-income countries
(LMICs), where the majority of children living with HIV live. In Chapter 6 we therefore
investigated the pharmacokinetics and safety of regulatory approved pediatric dolutegravir
doses, and of a more practical dose of 50 mg once daily (the adult dose) for children
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weighing at least 20 kg. Children from 20 to <40 kg who participated in the ODYSSEY
(‘Once daily dolutegravir ART in young people versus standard therapy’) trial could qualify
for participation in these pharmacokinetic substudies. Regulatory approved pediatric doses
resulted in suboptimal dolutegravir exposures that were below historical reference data for
adults using 50 mg once-daily. Exposure to dolutegravir with once-daily use of adult 50 mg
film-coated tablets in children from 20 kg substantially improved exposure to dolutegravir
and the dose was well tolerated. The results of these PK studies will allow implementation
of simplified and practical dolutegravir-based cART for children ≥20 kg using adult tablets
and enable alignment with adult WHO-preferred ART regimens. These dose recommendations based on the ODYSSEY trial have now been included in the new WHO guidelines for
the treatment of children with HIV infection.
Children living with HIV are at higher risk for tuberculosis (TB) than children without
HIV-infection. Treatment of HIV and TB is often hampered by DDIs between HIV and TB
medication. Rifampicin is an antimycobacterial that remains an essential component in TB
treatment, but is also an inducer and inhibitor of many drug metabolising enzymes and
transporters. An example is the induction of UDP glucuronosyl transferase 1A1 (UGT1A1)
by rifampicin. This enzyme is responsible for the conversion of dolutegravir to its major
inactive metabolite. When dolutegravir and rifampicin are used together, dolutegravir is
metabolized faster and this results in lower dolutegravir exposure. In adults this is compensated by doubling the dolutegravir dose to 50 mg twice daily. Chapter 7 describes
this interaction between rifampicin and dolutegravir in children with HIV/TB co-infection
from 6 to 18 years old. Preliminary data show that a double dolutegravir dose (twice daily
the standard dolutegravir dose) in combination with rifampicin results in sufficiently high
exposures to dolutegravir.
Another subpopulation for whom limited pharmacokinetic data is available are HIV-positive
pregnant women. Use of dolutegravir is pregnancy is contra-indicated around time of
conception and during the first trimester of pregnancy. The reason for this is that use of
dolutegravir in the first few weeks after conception was associated with an increased risk
of neural tube defects. Dolutegravir-based cART in the second and third trimester is considered safe. However, during pregnancy many physiological changes take place which can
lead to changes in exposure to a drug and possibly lead to therapy failure. Effective treatment for HIV-positive women is required because it benefits maternal health and prevents
transmission of HIV to the unborn child. In Chapter 8 we therefore investigated the pharmacokinetics of dolutegravir in pregnant HIV-infected women. When using the standard
dose of 50 mg once daily (with food), the total dolutegravir trough levels decreased with
approximately 30% in the third trimester of pregnancy. At the same time, the unbound
(= effective) minimum plasma concentration in the third trimester of pregnancy seemed
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comparable to the concentration a few weeks after delivery. More important, in more than
90% of women the individual minimum unbound dolutegravir plasma concentration in
the third trimester of pregnancy were above the proposed EC90. The molar metabolic ratio
for the main metabolite of dolutegravir (dolutegravir-glucuronide) appears to remain equal
in late pregnancy versus postpartum. Based on this study it can be concluded that the
standard dose of 50 mg once daily (taken with food) is a suitable dose for the treatment of
HIV in pregnant women in the third trimester of pregnancy.
There are some points to be mentioned in order to optimize treatment with (new) antiretroviral drugs in adults and children living with HIV in the future (Chapter 9). First, research
on the dose-response relationships and the minimum exposure that is required to achieve
the intended effect (i.e. maximum inhibition of viral replication) remains essential for the
interpretations of clinical pharmacological studies with antiretroviral agents. This data can
serve as a reference for surrogate outcome measures, such as plasma concentrations,
within clinical-pharmacology research on specific subpopulations for which large randomized trials on efficacy are lacking. Second, to accelerate pediatric drug development it is
important to share research results and experiences on pediatric formulations with other
researchers and pediatricians, policymakers, pharmaceutical companies and other parties
active in the rapidly changing field of pediatric drug development. Bringing these parties
together at an early stage in product development helps to ensure that a product actually
becomes available for the intended pediatric population. Third, it is important that highquality post-marketing pharmacovigilance investigations for new antiretroviral drugs are
conducted. This will help to position new antiretroviral drugs next to existing treatment
options. This will help doctors to choose the most optimal treatment regimen for each
individual living with HIV, appropriate to their medical history, co-morbidities and wishes.
In conclusion, with the research described in this thesis limitations for the use of dolutegravir worldwide have been explored and boundaries were pushed. Most research resulted in
(dose) recommendations for the use of dolutegravir-based cART in various subpopulations
living with HIV and these were included in a number of (international) guidelines. The
results of the described studies are therefore easily available for other healthcare professionals, patients and researchers. The use of dolutegravir-based cART, one of the preferred
treatment options, is now possible for a number of specific subgroups living with HIV and
in some special situations. With this research we came one step closer towards the UNAIDS
goals to end the global AIDS epidemic before 2030.
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sAMenVAttIng
Wereldwijd zijn circa 37 miljoen mensen geïnfecteerd met humaan immunodeficiëntie virus (hiv), waaronder ~1.7 miljoen kinderen. De prevalentie is het hoogst op het Afrikaanse
continent, met name in sub-Sahara-Afrika. De afgelopen jaren is enorme vooruitgang
geboekt bij de behandeling van hiv. Hierdoor is de prognose voor hiv-geïnfecteerden
sinds de identificatie van de eerste patiënten in 1981 compleet veranderd. Bij gelijktijdig
gebruik van meerdere hiv-remmers met verschillende werkingsmechanismen is hiv niet
meer dodelijk, maar een controleerbare chronische aandoening. De huidige hiv-remmers
zijn zeer effectief in het remmen van de virusreplicatie en veroorzaken relatief weinig
bijwerkingen ten opzichte van de virusremmers die gebruikt werden aan het begin van de
hiv epidemie. Dolutegravir is een hiv-remmer die sinds 2014 beschikbaar is in Nederland
voor de behandeling van hiv en wordt sindsdien veel gebruikt. Het middel behoort tot de
groep van de integrase-remmers.
In Europa en in Amerika is gecombineerde antiretrovirale therapie met een integraseremmer aangemerkt als eerste keus behandeloptie voor therapie-naïeve hiv-positieve
patiënten. De Wereldgezondheidsorganisatie (WHO) heeft specifiek dolutegravir, gecombineerd met twee hiv-remmers uit de groep van de nucleoside reverse transcriptase remmers
(NRTIs), aangewezen als de eerste keus optie voor de behandeling van therapie-naïeve
volwassen. Ook voor de behandeling van hiv-geïnfecteerde kinderen adviseert de WHO
behandeling met dolutegravir-bevattende antiretrovirale therapie. Een voorwaarde is dat
voor de gewichtsklasse waartoe een kind behoort een geregistreerde dosering bekend is.
Dit wil zeggen, een dosering die door het Europese (European Medicines Agency, EMA)
of Amerikaanse agentschap voor geneesmiddelbeoordeling (United States Food and
Drug Administration, FDA) is goedgekeurd. Voor een aantal specifieke hiv-geïnfecteerde
populaties zijn de juiste dosering en de veiligheid van dolutegravir helaas niet, of niet
voldoende, onderzocht. Hierdoor kan dolutegravir niet gebruikt door deze specifieke
patiëntengroepen. Voorbeelden hiervan zijn hiv-positieve zwangere vrouwen en kinderen.
Tevens ontbreken er nog gegevens over de wisselwerking van dolutegravir met enkele
veelgebruikte geneesmiddelen die soms naast de hiv-medicatie gebruikt wordt. In een
dergelijke situatie wordt veelal deze comedicatie gewijzigd of de dosering aangepast om
de wisselwerking te omzeilen. Is dit niet mogelijk, dan moet wordt uitgeweken naar een
andere, soms tweede keus, antiretrovirale therapie zonder dolutegravir.
In de onderzoeken die in dit proefschrift worden beschreven zijn daarom de grenzen voor
het gebruik van dolutegravir opgezocht (‘pushing boundaries’). Het doel van dit proefschrift was om de farmacologie van dolutegravir te bestuderen en daarmee het gebruik van
dolutegravir te optimaliseren. Hiermee is getracht dolutegravir-bevattende antiretrovirale
213

11

Chapter 11

therapie een toegankelijke behandeloptie te maken voor specifieke hiv-geïnfecteerde subpopulaties, ongeacht leeftijd, geslacht, comedicatie en ongeacht de geografische setting.
Het eerste deel van dit proefschrift beschrijft de farmacokinetiek en farmacodynamiek van
dolutegravir. Ook wordt het gebruik van dolutegravir en elvitegravir, ook een hiv-remmer
behorend tot de groep van de integraseremmers, in de Nederlandse setting beschreven.
In het tweede en derde deel is dolutegravir met behulp van klinisch farmacologische methoden onderzocht in een aantal bijzondere situaties die zich in de klinische patiëntenzorg
kunnen voordoen (deel II), en tevens bij verschillende hiv-geïnfecteerde subpopulaties (deel
III).

Deel I: Farmacokinetiek en farmacodynamiek van dolutegravir bij
volwassenen
Hoofdstuk 2 van dit proefschrift geeft een overzicht van de literatuur over de farmacokinetiek en farmacodynamiek van dolutegravir, zoals deze beschikbaar was vlak na
de registratie van dolutegravir door de EMA in 2014. De focus ligt op het gebruik van
dolutegravir als eenmaal daagse combinatietablet, waarin tevens de NRTIs abacavir en
lamivudine zijn verwerkt. Fase III studies bij therapie-naïeve en voorbehandelde volwassenen met hiv-infectie laten zien dat dolutegravir als combinatietherapie zeer effectief is
en non-inferieur aan andere op dat moment veelgebruikte combinaties van antiretrovirale
middelen. Ook is de kans op de ontwikkeling van een resistent virus bij gebruik van dolutegravir kleiner dan bij andere integraseremmers, zoals elvitegravir en raltegravir. Patiënten
dienen voorafgaand aan gebruik van de combinatietablet gescreend te worden op de
aanwezigheid van het HLA-B*5701 allel. Gebruik van abacavir bij HLA-B*5701 dragers is
namelijk gecontra-indiceerd, omdat zij een hoger risico lopen op het ontwikkelen van een
overgevoeligheidsreactie op abacavir. Daarnaast is de combinatietablet met dolutegravir
minder geschikt voor patiënten met leverfunctiestoornissen. Bij patiënten met en hiv
en hepatitis B co-infectie heeft gebruik van een nucleoside backbone met tenofovir de
voorkeur boven gebruik van abacavir. Tenofovir is namelijk ook actief tegen het hepatitis
B virus. Abacavir is in sommige cohortstudies, maar niet alle, geassocieerd met een hoger
risico op het krijgen van een myocard infarct en kan dus beter vermeden worden bij patiënten met een hoog cardiovasculair risico. Dolutegravir kan in deze laatste twee situaties
als losse tablet aan de nucleoside backbone worden toegevoegd.
In de reguliere patiëntenzorg worden nieuwe antiretrovirale middelen op grotere schaal en
voor langere duur toegepast dan binnen de gecontroleerde setting van gerandomiseerd
fase III geneesmiddelonderzoek. Ook is de patiëntenpopulatie die dolutegravir in de dagelijkse praktijk gebruikt minder homogeen dan de populatie zoals geïncludeerd in registratieonderzoeken. Hierdoor is het mogelijk dat het bijwerkingenprofiel in praktijk afwijkt van
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de verwachtingen op basis van deze registratiestudies. Om deze situatie voor dolutegravir
bij Nederlandse hiv-positieve volwassenen in kaart te brengen is een retrospectieve analyse
uitgevoerd met data uit het nationale prospectief gevolgde ATHENA-cohort (Hoofdstuk
3). Het aantal patiënten dat stopte met dolutegravir- of elvitegravir bevattende therapie
vanwege (neurospychiatrische) bijwerkingen was hoger dan in de registratieonderzoeken
naar dolutegravir, met name bij voorbehandelde patiënten. Er werd geen verschil gevonden in het risico op stoppen van dolutegravir- danwel elvitegravir-bevattende combinatietherapie vanwege bijwerkingen. Er zijn verschillende risicofactoren voor het stoppen
van therapie in het algemeen en vanwege (neuropsychiatrische) bijwerkingen gevonden.
Therapie-naïeve patiënten van niet-Westerse afkomst of patiënten met een laag (<200
cellen/mm3) of juist hoog aantal CD4 cellen (≥500 celllen/mm3) waren eerder geneigd om
te stoppen met dolutegravir- of elvitegravir bevattende therapie vanwege bijwerkingen.
Bij voorbehandelde patiënten werd hogere leeftijd (≥60 jaar), gebruik van psychoactieve
medicatie (of gebruik hiervan in het verleden) en het eerder al eens stoppen van therapie
vanwege bijwerkingen geassocieerd met een hoger risico op het staken van de huidige
therapie. Dit ongeacht het gebruik van dolutegravir of elvitegravir. Staken vanwege het
optreden van specifiek neuro-psychiatrische bijwerkingen bij voorbehandelde patiënten
was geassocieerd met heb hebben van een hogere leeftijd (≥60 jaar). Dit onderzoek toont
aan hoe belangrijk adequate post-marketing farmacovigilantie is voor de plaatsbepaling
van nieuwe antiretrovirale middelen.

Deel II: Klinisch farmacologisch onderzoek naar dolutegravir
Voor de uitvoer van klinisch farmacologisch onderzoek naar de farmacokinetiek van
geneesmiddelen is het noodzakelijk om de blootstelling aan een geneesmiddel, ofwel
de hoeveelheid geneesmiddel in het bloed van patiënten of proefpersonen, te kunnen
meten. Voor dolutegravir weten we dat een minimale blootstelling noodzakelijk is om
de hiv-virusreplicatie maximaal te kunnen remmen. Deze relatie tussen de blootstelling
en het effect vormt de basis voor klinisch farmacologisch onderzoek met als doel het
optimaliseren van de werkzaamheid en veiligheid van geneesmiddelen. Hoofdstuk 4
beschrijft daarom de ontwikkeling en validatie van een bioanalytische bepalingsmethode
(vloeistofchromatografie gekoppeld aan tandem-massaspectrometrie, LC-MS/MS), waarmee verschillende antiretrovirale middelen in bloedplasma, waaronder dolutegravir, kunnen worden gekwantificeerd. Onder andere deze LC-MS/MS analysemethode is gebruikt
voor het bepalen van de dolutegravir concentraties in de bloedplasma monsters die zijn
afgenomen in het kader van de klinische farmacologische onderzoeken zoals beschreven
in deel II en III van dit proefschrift.
De combinatietablet met dolutegravir is vrij groot (ca. 22 mm × 11 mm) en de inname
kan hierdoor een probleem zijn voor patiënten met slikproblemen. In hoofdstuk 5 laten
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we zien dat inname van een vermalen combinatietablet met dolutegravir, abacavir en
lamivudine (eventueel toegevoegd aan sondevoeding) tot een hogere blootstelling aan
dolutegravir leidt dan wanneer de tablet niet wordt vermalen. De bloostelling bij vermalen
blijft lager dan wanneer dolutegravir wordt gebruikt wordt in de maximaal toegestane
dosering van 50 mg tweemaal daags. Geconcludeerd wordt daarom dat de dolutegravir
combinatietablet vermalen mag worden om inname voor patiënten met slikproblemen en
patiënten die afhankelijk zijn van een sonde mogelijk te maken.
Hiv-positieve patiënten worden steeds ouder en worden vaak behandeld voor minstens één
andere co-morbiditeit. Hierdoor kunnen ze te maken krijgen met geneesmiddelinteracties.
Valproïnezuur is een geneesmiddel dat onder andere wordt gebruikt bij epilepsie en bij
de behandeling van bipolaire stoornis. In de literatuur werd gerapporteerd over een vermoedelijke interactie tussen valproïnezuur en dolutegravir, waardoor de blootstelling aan
dolutegravir zou dalen. Dit artikel beschreef echter maar twee cases. Tevens werd alleen
de totale dolutegravir plasma concentratie gemeten. Dit is jammer, omdat dolutegravir
en valproinezuur beide in hoge mate aan plasma-eiwitten binden. Alleen de concentratie
van een geneesmiddel dat niet gebonden is aan plasma-eiwitten kan de weefsels in diffunderen en het farmacologisch beoogde effect bewerkstelligen. Het bleef dus onduidelijk
of patiënten dolutegravir en valproïnezuur samen konden gebruiken zonder verlies aan
effectiviteit. Hoofdstuk 6 beschrijft daarom de geneesmiddelinteractie tussen dolutegravir
en valproïnezuur in hiv-geïnfecteerde patiënten die deelnamen aan het LUNA (‘Latency
revising agents United as a Novel Anti-HIV strategy’) onderzoek. Interimdata laten zien
dat de totale dolutegravir plasma concentratie, dat wil zeggen de concentratie van de
aan plasmaeiwit gebonden én ongebondenconcentratie, sterk daalt wanneer tevens
valproïnezuur wordt gebruikt. De gemiddelde ongebonden plasma concentratie, die de
daadwerkelijk effectieve concentratie op de plaats van werking beter weerspiegelt, bleef
boven de voorgestelde minimaal effectieve concentratie (de EC90) voor vrije plasmaconcentraties. De fractie van dolutegravir, ongebonden aan plasma eiwitten, was hoger bij
gelijktijdig gebruik van dolutegravir en valproïnezuur, dan wanneer er alleen dolutegravir
werd gebruikt. Deze interactie kan daarom als klinisch niet-relevant worden beschouwd.
Het lijkt aannemelijk dat valproïnezuur dolutegravir van de eiwitbinding verdringt en dat
dit de belangrijkste oorzaak is voor het dalen van totale dolutegravir spiegels. Het gebruik
van valproïnezuur bij hiv-geïnfecteerde patiënten hoeft geen belemmering te vormen voor
het starten dolutegravir-bevattende combinatietherapie. Andersom kan valproïnezuur
worden toegevoegd aan antiretrovirale therapie met dolutegravir.
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Deel III: Farmacokinetiek van dolutegravir bij kinderen en zwangere
vrouwen
Zoals hierboven vermeld adviseert de WHO antiretrovirale combinatietherapie met dolutegravir ook voor de behandeling van hiv-geïnfecteerde kinderen als preferent eerste keus
therapie. Een voorwaarde hiervoor is dat een kind behoort tot een gewichtsklasse waarvoor een geregistreerde dosering bekend is. Dolutegravir is geregistreerd voor kinderen
vanaf 15 kg door de EMA en voor kinderen vanaf 30 kg door de FDA. Er zijn echter enkele
kanttekeningen te plaatsen bij deze geregistreerde kinderdoseringen. Het aantal kinderen
waarbij de dosering is onderzocht is beperkt, met name voor kinderen van 15 tot <30 kg.
Dit heeft ertoe geleid dat de FDA dolutegravir enkel voor gebruik bij kinderen vanaf 30 kg
heeft geregistreerd. Daarnaast vereisen huidige EMA- en FDA-geregistreerde kinderdoseringen het gebruik van speciale 25 mg en 10 mg kindertabletten. Deze kindertabletten zijn
in tegenstelling tot de 50 mg tabletten voor volwassenen nog niet beschikbaar in low- and
middle-income countries (LMICs). Dit terwijl het grootste deel van de kinderen met hivinfectie in deze LMICs leeft. In hoofdstuk 7 is daarom de farmacokinetiek en veiligheid
van de geregistreerde dolutegravir kinderdosering onderzocht en tevens van een meer
praktische dosering van 50 mg eenmaal daags, de volwassenen dosis, voor kinderen vanaf
20 kg. Kinderen van 20 tot <40 kg die deelnamen aan het ODYSSEY (‘Once daily dolutegravir ART in young people versus standard therapy’) onderzoek konden in aanmerkingen
komen voor deelname aan deze farmacokinetische substudies. De belangrijkste uitkomst
van het onderzoek is dat de blootstelling aan dolutegravir bij eenmaal daags gebruik van
de volwassen 50 mg film-omhulde tabletten bij kinderen vanaf 20 kg adequaat is en goed
wordt verdragen. Het gebruik van de 50 mg tablet biedt een praktische en eenduidige
dosering die te tevens beschikbaar is in LMICs. De doseringsadviezen op basis van deze
farmacokinetische substudies in binnen het ODYSSEY onderzoek zijn inmiddels opgenomen in de nieuwe WHO-doseerrichtlijn voor de behandeling van kinderen met hiv-infectie.
Kinderen met hiv-infectie lopen een groter risico om ook tuberculose (TB) te krijgen
dan kinderen zonder hiv. Voor de behandeling van TB is rifampicine nog altijd een essentiële component van de combinatiebehandeling, maar heeft als nadeel dat het veel
geneesmiddelinteracties veroorzaakt. Rifampicine induceert onder andere UDP glucuronosyltransferase 1A1 (UGT1A1), het enzym dat verantwoordelijk is voor de omzetting van
dolutegravir in zijn belangrijkste inactieve metaboliet. Wanneer dolutegravir en rifampicine
samen worden gebruikt, wordt dolutegravir sneller gemetaboliseerd en dit resulteert in
een lagere dolutegravir blootstelling. Bij volwassenen wordt dit gecompenseerd door het
geven van een dubbele dosis dolutegravir, namelijk 50 mg tweemaal daags. Het is echter
onduidelijk of deze strategie ook geschikt is voor kinderen. In hoofdstuk 8 onderzoeken
we deze interactie tussen rifampicine en dolutegravir daarom bij kinderen met een hiv én
TB co-infectie van 6 tot 18 jaar oud. Voorlopige data laten zien dat een dubbele dolute217
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gravir dosis (tweemaal daags de standaard dolutegravir dosering op basis van het gewicht
van de kinderen) in combinatie met rifampicine een voldoende hoge blootstelling aan
dolutegravir geeft zonder dat de effectiviteit van de hiv-therapie in gevaar komt.
Een andere subpopulatie waarvoor vaak weinig informatie over farmacokinetiek en veiligheid beschikbaar is, zijn zwangere vrouwen. Dolutegravir mag pas vanaf het tweede
trimester van de zwangerschap worden gebruikt, omdat gebruik in de eerste weken
vanaf conceptie geassocieerd wordt met een verhoogd risico op het ontwikkelen van
een neuraalbuisdefect bij het ongeboren kind. Gebruik vanaf het eerste trimester is wel
veilig gebleken. Tijdens de zwangerschap vinden echter veel fysiologische veranderingen
plaats die ertoe kunnen leiden dat de blootstelling aan een geneesmiddel verandert, met
mogelijk therapiefalen als gevolg. In het geval van hiv-infectie is behandeling in de zwangerschap noodzakelijk omwille van de gezondheid van de moeder en om transmissie van
hiv naar het ongeboren kind te voorkomen. In hoofdstuk 9 onderzochten we daarom
de farmacokinetiek van dolutegravir bij zwangere vrouwen met hiv. Bij gebruik van de
standaarddosering van 50 mg eenmaal daags (ingenomen met voedsel) zijn de (totale)
dolutegravir dalspiegels in het derde trimester van de zwangerschap met 29% verlaagd.
Tegelijkertijd lijken de ongebonden (=werkzame) concentraties in het derde trimester
vergelijkbaar te zijn aan de ongebonden concentraties post-partum. Daarnaast blijven de
individuele minimale ongebonden dolutegravir plasma concentraties bij meer dan 90% van
de vrouwen in het derde trimester van de zwangerschap boven de voorgestelde minimale
referentiewaarde voor effect. De molaire metabole ratio voor de belangrijkste metaboliet
van dolutegravir (dolutegravir-glucuronide) lijkt niet te veranderen in de zwangerschap.
Op basis van dit onderzoek kan geconcludeerd worden dat de standaarddosering van 50
mg eenmaal daags (met voedsel) een geschikte dosering is voor de behandeling van hiv bij
zwangere vrouwen in het derde trimester van de zwangerschap.
Om de behandeling met (nieuwe) antiretrovirale middelen bij volwassenen en kinderen
met hiv-infectie in de toekomst verder te optimaliseren zijn een aantal punten van belang
(hoofdstuk 10). Allereerst blijft het onderzoek naar dosis-respons relaties en de minimaal
vereiste blootstelling om het beoogde effect, maximale remming van virusreplicatie, te
bereiken, essentieel voor het interpreteren van klinisch farmacologisch onderzoek met antiretrovirale middelen. Deze gegevens kunnen namelijk dienen als referentie voor surrogaat
uitkomstmaten, zoals plasma concentraties, binnen klinisch-farmacologisch onderzoek bij
specifieke subpopulaties, waarvoor grote gerandomiseerde trials naar effectiviteit ontbreken. Daarnaast is het van belang onderzoeksresultaten en ervaringen bij het onderzoek
met kinderformuleringen te delen met andere onderzoekers en kinderartsen, maar ook
met beleidsmakers, farmaceutische bedrijven en overige partijen actief in het veld van
pediatrische geneesmiddel ontwikkeling. Op deze manier kan de ontwikkeling van kin218
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derformuleringen en doseerrichtlijnen worden versneld. Daarnaast maakt dit het mogelijk
om al in een vroeg stadium partijen bij elkaar te brengen die ervoor kunnen zorgen dat
een product ook daadwerkelijk beschikbaar komt op de juiste plek. Tevens is het van
belang dat kwalitatief goede post-marketing farmacovigilantie onderzoeken naar nieuwe
antiretrovirale middelen worden uitgevoerd. Dit zal bijdragen aan de plaatsbepaling van
nieuwe antiretrovirale middelen binnen de reguliere hiv-patiëntenzorg en is van belang
om voor iedere individuele hiv-patiënt het meeste geschikte behandelregime te kiezen,
passend bij zijn of haar medische voorgeschiedenis, co-morbiditeiten en wensen.
Met de onderzoeken zoals beschreven in dit proefschrift hebben we de grenzen voor het
gebruik van dolutegravir wereldwijd zijn opgezocht en doorbroken (‘pushing boundaries’).
Vaak hebben de onderzoeken geleid tot (dosis)aanbevelingen voor het gebruik van dolutegravir-bevattende combinatietherapie bij verschillende hiv-positieve subpopulaties en deze
zijn opgenomen opgenomen in verschillende (inter)nationale richtlijnen. De uitkomsten
van de beschreven onderzoeken zijn hierdoor eenvoudig beschikbaar voor zorgprofessionals, patiënten en onderzoekers. Het gebruik van dolutegravir is verder geoptimaliseerd
en dolutegravir kan nu ook gebruikt geworden in de beschreven specifieke subgroepen
en situaties. Met deze onderzoeken zijn we weer een stapje dichterbij het UNAIDS doel
gekomen om de wereldwijde aidsepidemie vóór 2030 te beëindigen.
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Poster presentation: Discontinuation of dolutegravir- and elvitegravir-containing cART in the
2017
Netherlands; incidence rates and risk factors, HIV-comorbidity workshop, Milan, Italy.
Netherlands; incidence rates and risk factors, HIV-comorbidity workshop, Milan, Italy.
Poster presentation: The valproic acid – dolutegravir drug-drug interaction is based on
Poster presentation: The valproic acid – dolutegravir drug-drug interaction is based on th
2019
displacement of protein binding and unlikely to be clinically relevant, 20 International
displacement of protein binding and unlikely to be clinically relevant, 20th International
Workshop on Clinical Pharmacology of Antiviral Therapy of HIV & Hepatitis, Noordwijk, The
Workshop on Clinical Pharmacology of Antiviral Therapy of HIV & Hepatitis, Noordwijk, The
Netherlands.
Netherlands.

Year(s)
ECTS

ECTS

2017
0.5
2015
1.5
2019
0.2
2017
0.5
2019
2.0
2015
1.25
2018
0.2
2015-2016
1.5
2015-2016
1.5
2017
1.5
2017-2018
2.8

0.5
1.5
0.2
0.5
2.0

2017
0.5

0.5

2017
0.25

0.25

2018
0.25

0.25

2018
0.25

0.25

2018
0.5

0.5

2017
0.5

0.5

2018
0.5

0.5

2018
0.25

0.25

2017
0.5

0.5

2019
0.5

0.5

1.25
0.2
1.5
1.5
1.5
2.8
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185

185
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Portfolio

Late breaker poster presentation: Adult dolutegravir 50mg film-coated tablets in children living
with HIV weighing 20 to <25 kg, Conference on Retroviruses and Opportunistic Infections (CROI),
Seattle, USA.
Poster presentation: Dolutegravir plasma concentrations during pregnancy and postpartum,
Conference on Retroviruses and Opportunistic Infections (CROI), Seattle, USA.
Symposia & Congresses (attendance)
RIHS Annual Science Day, theme ID&GH/RCI, Nijmegen, the Netherlands.
16th European AIDS conference, Milan, Italy.
19th International Workshop on Co-morbidities and Adverse Drug Reactions in HIV, Milan, Italy.
16th and 17th International Workshop on Clinical Pharmacology of Antiviral Therapy of HIV &
Hepatitis, Washington DC, USA.
19th International Workshop on Clinical Pharmacology of Antiviral Therapy of HIV & Hepatitis,
Baltimore, USA.
2nd EDCTP Clinical Pharmacology Networking Meeting, Entebbe, Uganda.
Conference on Retroviruses and Opportunistic Infections (CROI), Seattle, USA.
22nd International AIDS conference, Amsterdam, the Netherlands.
18th International Workshop on Clinical Pharmacology of Antiviral Therapy, Chicago, USA.
10th International Workshop on HIV Pediatrics, Amsterdam, the Netherlands.
20th International Workshop on Clinical Pharmacology of Antiviral Therapy, Noordwijk, The
Netherlands.
Post CROI, Virology Education, Utrecht.
Wetenschappelijke vergadering, Nederlandse Vereniging van Ziekenhuisapothekers (NVZA).
Nederlandse ziekenhuisfarmaciedagen, NVZA.
SWAB symposium, Utrecht, the Netherlands
Other
Monthly journal club, Department of Pharmacy, Radboudumc.
Clinical trial monitoring
Open dag RHIS - stand vakgroep apotheek
Review of three scientific publications
Member of SWAB working group on the surveillance of antimicrobial use
Member of the Utrecht University Department of pharmacy ‘Farmadenktank’
TEACHING ACTIVITIES
Lecturing
Clinical pharmacology lectures (lecturing on research or a clinical topic), department of
Pharmacology and Toxicology and Department of Pharmacy, Radboudumc.
Lectures on a clinical topic at the department of pharmacy
Antiretrovirale middelen bij HIV & casuïstiek, AIOS scholingsavond, Tilburg.
TOTAL

2019

0.5

2019

0.5

2017-2018
2017
2017
2015, 2016

0.5
1.0
0.5
1.0

2018

0.5

2018
2017 + 2019
2018
2017
2018
2019

0.5
2
1.25
2.25
0.75
2.25

2015-2018
2018
2018
2017

0.3
0.1
0.5
0.25

2015-2019
2017-2019
2018
2017-2019
2017-2019
2018-2019

1.0
0.2
0.1
0.3
1.5
1.0

2017-2019

0.75

2017-2019
2017

0.75
0.25
37.75
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Research data management page

ReseARCH DAtA MAnAgeMent PAge
This thesis is based on the results of human studies, which were conducted in accordance
with the principles of the Declaration of Helsinki. Where applicable (chapters 5 - 9) local
medical and ethical review board committee on research involving human subjects gave
approval to conduct these studies.
The projects described in this thesis are all stored on the Radboudumc department server
(H:\Vakgroep\Onderzoek\_archief). In all studies subjects received subject information
containing the written informed consent prior to study assessments. In projects described
in chapter 5, 6, 7, 8 and 9, participating physicians and research nurses filled in the research form on paper. The paper data of projects of chapter 5, 6 and 9 are stored at the
department of pharmacy and these will be archived in an external archive (UTS Verkroost,
Bijsterhuizen 11-31, 6546 AR Nijmegen). All paper data for these projects were entered
into the computer by use of Castor EDC. Data management and monitoring were also
performed within Castor EDC. For projects 7 and 8 study data were collected by a third
party: MRC (see below), a subset of these data were shared with Radboudumc and stored
electronically in H:\Vakgroep\Onderzoek\HIV\ODYSSEY - PK SUBS\.
Bioanalysis results were stored in Masslynx and exported into .csv files to be imported in
Phoenix® 64 WinNonlin® or IBM SPSS Statistics Software. An audit trail was incorporated
to provide evidence of the activities that altered the data. The privacy of the participants in
this study is warranted by use of encrypted and unique individual subject codes. This code
correspondents with the code on the paper CRFs and questionnaires or medication intake
diaries. The code was stored with the investigators, separately from the CRFs.
The data will be saved for 15 years after termination of each study. Using these patient data
in future research is only possible after a renewed permission by the patient as recorded in
the informed consent. The datasets analyzed during these studies are available from the
corresponding author on reasonable request.

A

For the project described in chapter 3 the following applies: people entering HIV care
receive written material about participation in the ATHENA cohort and are being informed
by their treating physician of the purpose of collection of data, after which they can
consent verbally or elect to opt-out. Data are pseudonymised before being provided to
investigators and may be used for scientific purposes. A designated quality management
coordinator safeguards compliance with the European General Data Protection Regulation.
Radboudumc received pseudonymised data. The ATHENA cohort is managed by Stichting
HIV Monitoring.
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The ODYSSEY data (chapters 7 and 8) are held at MRC CTU at University College London,
which encourages optimal use of data by employing a controlled access approach to data
sharing, incorporating a transparent and robust system to review requests and provide
secure data access consistent with the relevant ethics committee approvals. Requests for
data are considered and can be inwitiated by contacting mrcctu.ctuenquiries@ucl.ac.uk.
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DAnKWooRD
Na de opleiding tot ziekenhuisapotheker begon ik in 2017 vol enthousiasme aan dit
promotietraject in de apotheek van het Radboudumc. De (inter)nationale onderzoekers
betrokken bij het HIV-onderzoek, de nieuwe opgedane inzichten en het reizen hebben mij
verrijkt als onderzoeker en ziekenhuisapotheker, zowel op inhoudelijk als op persoonlijk
vlak. Hier ben ik alle mensen met wie ik de afgelopen jaren heb samengewerkt erg dankbaar voor. Aan de totstandkoming van dit proefschrift hebben dan ook velen bijgedragen
en zonder hen zou dit proefschrift niet geworden zijn tot wat het nu is. Een aantal mensen
wil ik hiervoor in het bijzonder bedanken.
Graag wil ik alle proefpersonen, patiënten, zwangere vrouwen, adolescenten, kinderen
en hun ouders bedanken voor hun deelname aan de onderzoeken of het mogelijk maken
hiervan.
Prof. dr. Burger, beste David, vol overgave sta jij al jaren aan het roer van de ambitieuze
vakgroep van het Radboudumc. Ik heb enorme bewondering voor je werkfilosofie, je
discipline en efficiënte manier van werken. Ik heb veel van je geleerd en wil je bedanken
voor de kansen die je me hebt geven. Het was erg bijzonder om deel uit te mogen maken
van het internationale team aan HIV-onderzoekers die jij in de afgelopen decennia om je
heen hebt verzameld. Bedankt voor het vertrouwen en de vrijheid.
Dr. Colbers, beste Angela, wat hebben wij intensief samengewerkt de afgelopen jaren. Je
bent de rots in de branding voor alle onderzoekers in de vakgroep. Ik zou niet weten hoe
ik dit promotietraject had moeten doorlopen zonder jouw kordate begeleiding. Je beschikt
over een oneindige hoeveelheid positieve energie. Het was superleuk om samen met jou
van gedachten te wisselen over al die farmacologische en methodologische vraagstukken
die we tegen zijn gekomen. Ik heb veel steun aan je gehad, vooral het afgelopen jaar.
Dankjewel daarvoor, het was fijn samenwerken.
Prof. dr. Van Crevel en dr. Brouwer, beste Reinout en Annemarie, bedankt dat jullie mijn
promotor en co-promotor vanuit de kliniek wilden zijn. Ook al was ons contact wat minder
intensief, ik kon altijd bij jullie terecht met vragen. Dank jullie wel voor het meedenken en
het delen van jullie kennis en ervaring.
De leden van de manuscriptcommissie en de promotiecommissie wil ik bedanken voor het
lezen en kritisch beoordelen van mijn proefschrift.
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Graag wil ik Remco de Jong, afdelingshoofd van de Apotheek van het Radboudumc,
bedanken voor het mogelijk maken van dit promotietraject binnen de afdeling. Ook alle
overige (ziekenhuis)apothekers, apothekersassistenten, onderzoekers en medewerkers van
de apotheek wil ik bedanken voor de prettige samenwerking en de fijne tijd in Nijmegen.
Ook wil ik alle analisten van het laboratorium van de apotheek bedanken voor de hulp bij
de bioanalyse. Bedankt voor het meten van al die duizenden dolutegravir plasma concentraties! In het bijzonder Marga, Khalid en Kirsten, ik heb veel van jullie geleerd en wil jullie
bedanken voor jullie geduld en flexibiliteit. Nielka, bedankt voor het meedenken en dat jij
als laboratorium ziekenhuisapotheker altijd het overzicht had.
Colleagues at the MRC CTU in London, many thanks for the great collaboration within the
ODYSSEY PK substudies. ODYSSEY, what a ride! I am very proud of our achievements and
it was great to be part of the ODYSSEY-trial team. I learned a lot from you all. In particular,
I would like to thank Di, Debbie, Cecilia, Anna T and the ODYSSEY-trial managers. Also, I
would like to thank the ODYSSEY PK-teams: the doctors and (research)nurses in Uganda,
Zimbabwe and South-Africa. Many thanks for your all your great work and efforts on
the ODYSSEY-trial and substudies. In addition, the PENTA foundation, thank you for your
support and your wonderful initiatives in pediatric research.
I would like to thank all investigators, (research) nurses and study coordinators who have
contributed to the dolutegravir arm in the PANNA study. Research in pregnant women is
quite a challenge in general. It takes real effort to ask and convince these women to return
for a postpartum visit with their newborns. Many thanks for this and I hope the PANNAnetwork will serve as an example for many other researchers and disease areas and inspire
them to investigate the pharmacokinetics of drugs in pregnancy.
Ook wil ik graag de Stichting HIV-monitoring bedanken voor de fijne samenwerking.
Sonia, Peter en Ferdinand, ik heb veel van jullie geleerd. Tevens wil ik de onderzoekers en
internist-infectiologen (i.o) uit het UMC Utrecht en het Erasmus MC bedanken voor de
fijne samenwerking.
Lieve paradijsvogels en AIOS, zonder jullie gezelligheid was dit promotietraject een stuk
zwaarder geweest. Wat zijn jullie allemaal fijne mensen en wat fleuren jullie de apotheek
toch lekker op. Ik vond het top met jullie en ga jullie oprecht missen. Dank jullie wel voor
de leuke tijd. Ik hoop dat we elkaar nog vaak gaan zien!
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Uiteraard wil ik mijn paranimfen, Mette en Elise, in het bijzonder bedanken. We zijn al
jaren dik bevriend en toevallig ooit collega’s geworden. Waar dit voor sommige mensen
problemen zou opleveren, creëren wij een bijzondere synergie.
Elise, ‘Smollie’, dankjewel dat je er altijd voor me was de afgelopen jaren. Jij bent degene
met wie ik misschien wel de meeste verre reizen in mijn leven heb gemaakt, vooral naar
de U.S.A., waarvan Denver toch wel letterlijk en figuurlijk het hoogtepunt was. Alhoewel
ik Seattle ook nooit zal vergeten… Er valt altijd wat te beleven met jou, zo fijn! Dankjewel
voor de gezelligheid en ook voor al je leuke vrolijke (foto)kaartjes. Je bent niet alleen een
geweldig lieve en attente vriendin, maar je bent ook nog eens de meest efficiënte (bijna)
ziekenhuisapotheker die ik ken. Dr. Smolders, 2020 wordt het jaar van de spektakelstukken, in ieder geval qua taarten, dat is zeker. Dankjewel dat je er ook nu weer voor me bent
als paranimf.
Mette, ik zou een heel dankwoord alleen voor jou kunnen schrijven. Wat ik zo ontzettend
waardeer aan jou is je extreem positieve instelling en je onuitputtelijke voorraad energie.
Met jou is erbij is het altijd gezellig. Ik heb genoten van alle dingen die we tot nu toe samen
hebben gedaan: farmacie studeren, ons bestuursjaar, de opleiding tot ziekenhuisapotheker
en nu tegelijk promoveren in het Radboud. Nog meer heb ik genoten van al die gezellige
en hilarische avondjes, etentjes, weekendjes weg en sportieve activiteiten tussendoor. Het
is geweldig dat we onze promotietrajecten op deze manier en op dezelfde dag kunnen
afsluiten en ook nog eens elkaars paranimf zijn. Dankjewel voor de mooie vriendschap
Met!
Mette en Frank, ook bedankt dat ik altijd op jullie slaapbank mocht crashen als ik geen
zin had om naar Utrecht heen en weer te reizen. Ik heb er graag (en vaak) gebruik van
gemaakt.
Lieve vrienden, dankjewel voor de getoonde interesse, maar vooral voor de gezelligheid
en ontspanning. Ik geniet altijd zo van de leuke uitjes, het bijkletsen met een koffietje,
lunchen, samen koken, gezellige avondjes, thuis of in de stad en het tennissen. Steeds
weer die prettige afleiding, dat had ik af en toe echt even nodig. Bedankt voor jullie
belangstelling en dat jullie er voor me zijn.
Rianne, Roderik, Jules en Lucas, bedankt dat ik altijd even bij jullie mag komen buurten.
De gezellige avonden op de Adriaanstraat in Utrecht zijn een warm bad. Ik zou niet weten
wat ik zonder jullie moet.
Lieve papa en mama, jullie staan altijd klaar voor Rianne en mij en dankzij jullie kon ik mijn
ambities najagen. Bedankt voor jullie onvoorwaardelijke liefde en steun.
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En tot slot, mijn allerliefste Jeroen, ik ben heel trots dat het ons beiden gelukt is om in
dezelfde periode onze promoties af te ronden. Jij bent mijn rots in de branding en zorgt
ervoor dat ik geen honderd dingen tegelijk doe. Ik kijk uit naar alles wat we samen nog
gaan meemaken!
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