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Abstract
Tuberculosis is the most common opportunistic infection in individuals with 
HIV, and rifampicin is crucial in the treatment of tuberculosis. Drug–drug in-
teractions complicate the use of DTG in HIV/TB co- infection, which makes 
drug administration more difficult. This study aimed to develop the population 
pharmacokinetic model of DTG when co- administered with rifampicin. The de-
veloped model was further used to investigate different dosing regimens. Forty 
HIV/TB- co- infected participants receiving DTG 50 mg once daily (OD) with food 
or DTG 50 mg twice daily (b.i.d.) without food were included in the analysis. 
Intensive pharmacokinetic samples were collected. The data were analyzed using 
a nonlinear mixed- effects modeling approach. A total of 332 DTG concentrations 
from 40 PLWH were analyzed. The pharmacokinetics of DTG co- administered 
with rifampicin can be best described by a one- compartment model with first- 
order absorption (incorporating lag time) and elimination. Total bilirubin was 
the only covariate that significantly affected CL/F. DTG 50 mg b.i.d. results in the 
highest proportion of individuals achieving in vitro IC90 of 0.064 mg/L and in vivo 
EC90 of 0.3 mg/L, while more than 90% of individuals receiving DTG 100 mg OD 
would achieve the in vitro IC90 target. Therefore, DTG 100 mg OD could serve 
as an alternative regimen by minimizing the difficulty of drug administration. 
However, its clinical efficacy requires additional evaluation.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
When co- administered with rifampicin, the dosage of DTG must be increased to 
50 mg twice a day, necessitating the addition of one extra DTG pill. This could 
lead to poor compliance and increase the drug stockout burden.
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INTRODUCTION

Dolutegravir (DTG) is a second- generation integrase 
strand transfer inhibitor (INSTIs) which is now rec-
ommended to be used as a first- line treatment in 
treatment- naive and treatment- experienced HIV- 
infected individuals in multiple guidelines including 
Thai National Guidelines.1,2 The standard dose of DTG 
is 50 mg once daily (OD) in INSTI- naïve individuals and 
50 mg twice daily for individuals with INSTI- resistant 
viruses.3,4 After absorption, DTG is mainly metabolized 
by uridine 5- diphospho- glucuronosyltransferase 1A1 
(UGT1A1) and to a lesser extent by cytochrome P450 
3A4 (CYP3A4).5 It is a substrate for drug efflux pumps 
including breast cancer resistance protein (BCRP) en-
coded by ABCG2 and P- glycoprotein (P- gp) encoded by 
ABCB1.6 DTG is highly potent and a once- daily dose of 
50 mg results in trough concentration (Ctrough) that are 13 
times higher than the in  vitro, protein- adjusted IC90 of 
0.064 mg/L.7 According to a prior dose ranging study, all 
DTG doses (10, 25, and 50 mg) exhibited comparable viro-
logical responses (10, 25, and 50 mg)8 Thus, a more con-
servative target of a Ctrough >0.3 mg/L, the observed DTG 
Ctrough when 10 mg OD was administered, was proposed 
as an in vivo 90% effective concentration (EC90).8

Co- infection with tuberculosis (TB) in people living 
with HIV (PLWH) is common. People with HIV infection 
are 15–21 times more likely to develop TB than those with-
out HIV infection.9 Additionally, TB is the leading cause 
of death among PLWH, accounting for ~30% of AIDS- 
related deaths in the world.9 Rifampicin plays a key role 
in the treatment of TB as part of the first- line anti- TB reg-
imen. Rifampicin is a potent inducer that stimulates the 
pregnane X receptor, hence promoting the expression of 
UGT1A1, CYP3A4, ABCG2, and ABCB1.10 When DTG 
is co- administered with rifampicin, a reduced plasma 
concentration of DTG might be anticipated. Thus, DTG 
50 mg twice daily with rifampicin is recommended for 

individuals requiring concurrent HIV and TB therapy to 
reduce the possibility of inadequate DTG concentrations.

DTG is available as a generic fixed- dose combination of 
tenofovir disoproxil fumarate 300 mg/lamivudine 300 mg/
dolutegravir 50 mg (TLD) in low-  and middle- income coun-
tries, including Thailand. Therefore, when DTG 50 mg twice 
daily is needed, one additional pill of DTG 50 mg single 
tablet is required to obtain the prescribed dosage. As this 
regimen deviates from the standard once- daily regimen, 
the administration of DTG 50 mg twice daily in PLWH on 
rifampicin may result in poor adherence and increasing 
drug stockout burden. A previous study from Botswana re-
ported that despite the recommendation for a double dose of 
DTG in patients with HIV/TB co- infection, only 52.8% were 
able to receive DTG 50 mg twice daily, while 43.6% received 
a once- daily DTG dose.11 When considering a once- daily 
administration of 100 mg DTG, this regimen may enhance 
adherence. In addition, previous research has demonstrated 
a 33- to- 66% increase in DTG exposure when the drug is ad-
ministered with meals, especially high- fat meals as opposed 
to when the patient is fasting.12 Therefore, DTG 50 mg OD 
with meals seems promising and may be adequate to guaran-
tee sufficient DTG exposure when DTG is co- administered 
with rifampicin.

Even though the population pharmacokinetics of DTG 
co- administered with rifampicin were previously investi-
gated. One study was conducted in healthy volunteers,13 
and the results clearly indicated a disparity in the pharma-
cokinetics of DTG between healthy volunteers and actual 
patients. Another study was performed on African individu-
als living with HIV and co- infected with tuberculosis14 who 
may exhibit different characteristics as a result of diverse 
ethnic backgrounds. The pharmacokinetic information of 
DTG in PLWH receiving rifampicin is important for dose op-
timization in this population. Thus, we assessed the popula-
tion pharmacokinetics of DTG when co- administered with 
rifampicin. The developed model was further implemented 
to evaluate various dosing regimens.

WHAT QUESTION DID THIS STUDY ADDRESS?
Is the DTG 50 mg OD or 100 mg OD dosage adequate for achieving sufficient DTG 
exposure when taken with rifampicin?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
The results confirmed that administering DTG 50 mg b.i.d. resulted in the highest 
percentage of individuals reaching their target DTG concentration. DTG 100 mg 
once daily provides adequate DTG levels according to the IC90 target.
HOW MIGHT THIS CHANGE DRUG DISCOVERY, DEVELOPMENT, 
AND/OR THERAPEUTICS?
DTG 100 mg OD may serve as a possible alternate regimen for PLWH who are 
co- infected with TB.
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METHODS

Participants and blood samples

This was a cross- sectional analytical study performed at the 
HIV Netherland Australia Thailand Research Collaboration 
(HIV- NAT), Thai Red Cross AIDS Research Centre 
(Bangkok, Thailand) under Clini calTr ials. gov Identifier 
NCT03731559. Forty Thai PLWH aged >18 years who were 
newly diagnosed with HIV/TB co- infection were recruited. 
PLWH on standard rifampicin- based anti- TB therapy 
(450 mg for PLWH weighing 35–49 kg and 600 mg for PLWH 
weighing 50 kg or more15) were randomized to receive ei-
ther DTG 50 mg once daily (OD) with food or DTG 50 mg 
twice daily (b.i.d.) without food. PLWH who are currently 
taking drugs that can alter the pharmacokinetics of DTG 
and rifampicin were excluded from the study. At week 4, 
intensive pharmacokinetic samples were collected at pre- 
dose, 1, 2, 4, 6, 8, 10, and 12 for the b.i.d. arm. An additional 
blood sample was collected at 24 h post- dose in the OD arm. 
Informed consent was obtained from all participants. The 
study was approved by the Institutional Review Board of the 
Faculty of Medicine, Chulalongkorn University, Bangkok, 
Thailand, and the Institutional Review Board Committee 
on human research at the Faculty of Pharmacy, Chiang Mai 
University, Chiang Mai, Thailand.

Analytical assay

Blood collected during pharmacokinetic sampling was 
processed within 1 h to attain plasma and was stored at 
−20°C at the HIV- NAT lab. Stored samples collected for 
DTG analysis were shipped on dry ice to the Center for 
Personalized Precision Medicine of Tuberculosis, Inje 
University College of Medicine, Busan, Republic of Korea. 
Plasma DTG concentrations were measured by validated 
LC-  MS/MS. The intraday and interday precisions were 
less than 15% The accuracy ranged between 83.5% and 
118.4%. The lower limit of qualification was 0.1 mg/L for 
DTG.

Population pharmacokinetic analysis

Pharmacokinetic data of DTG were analyzed by nonlinear 
mixed- effects modeling approach using NONMEM® (ver-
sion 7.4; Icon Development Solution. Ellicott City, MD) 
together with Perl- speaks- NONMEM (PsN) toolkit (ver-
sion 4.7.0: http:// psn. sours eforge. net/ ), Pirana (version 
2.9.6). The first- order conditional estimation method with 
interaction (FOCEI) was used throughout the analysis. 
The graphical analysis was created by R package (version 

4.2.1, R Development Core team; http:// www.r- proje ct. 
org) and Xpose program (version 4.7.2). For the structural 
model development, one-  and two- compartment models 
with first-  and/or zero- order absorption with and without 
absorption lag time or transit compartment were tested. 
The inter- individual variability (IIV) and inter- occasion 
variability (IOV) were assumed to be log- normally distrib-
uted. In this study, each occasion was defined as a dosing 
event with at least one blood sample. As a result, there were 
two occasions: the pre- dose occasion and the post- dose oc-
casion. IOV was tested either following the inclusion of 
the IIV or substituting the IIV on absorption parameters 
(F and absorption rate constant; Ka). The residual unex-
plained variability (RUV) was characterized by propor-
tional error model. Concentrations below the lower limit 
of quantification were substituted with LLOQ/2,16 unless 
there were consecutive values, which were removed from 
the dataset. The base model was selected based on the 
goodness- of- fit (GOF) plots, changes in the objective func-
tion value (OFV), successful convergence, and precision 
of parameter estimates (%RSE). Allometric scaling based 
on body weight or fat- free mass was incorporated to adjust 
for the effect of body size on drug disposition. The allo-
metric exponents were fixed to the values of 0.75 and 1 for 
CL/F and V/F, respectively.

The effects of the following clinically relevant and 
physiologically plausible covariates were further investi-
gated: sex, age, food, serum creatinine, and total bilirubin. 
The continuous covariates centered by their medians were 
investigated with linear, power, and exponential func-
tions. Categorical covariates were investigated with ad-
ditive, fractional, and exponential model. The covariates 
were added in a stepwise manner. During forward inclu-
sion, a decrease in OFV of at least 3.84 (χ2, p ≥ 0.05, df = 1) 
was considered statistically significant. An increase in the 
OFV of at least 6.63 (χ2, p ≥ 0.01, df = 1) was used as a cut-
off criterion for retaining covariates in the model during 
backward deletion.

Model evaluation

The nonparametric bootstrapping was used to assess the 
reliability of the final parameter estimates.17 One thou-
sand bootstrapped samples were obtained by sampling 
with replacement from the original dataset. Each of the 
bootstrapped data was fitted to the final model to provide 
parameter estimations. The median and 95% confidence 
interval (CI) for each parameter calculated from the 
bootstrap data were compared with the values provided 
by NONMEM. The visual predictive checks (VPC) were 
performed to assess the predictability of the final model.18 
One thousand simulation datasets were generated using 

http://clinicaltrials.gov
http://psn.sourseforge.net/
http://www.r-project.org
http://www.r-project.org
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the parameter estimates from the final model. The 5th, 
50th, and 95th percentiles, along with their 95% CI, of the 
simulated data were plotted against the corresponding 
percentiles of the observed data.

Observed concentrations were calculated and visually 
compared with the corresponding percentile predicted by 
the model.

Simulations for evaluating optimal dosage 
regimens

Several DTG dosage regimens (DTG 50 mg OD, 50 mg 
b.i.d., and 100 mg OD) administered in combination with 
rifampicin were investigated to assess DTG concentra-
tions in Thai PLWH using Monte Carlo simulations. The 
final model was used to simulate 10,000 DTG trough con-
centrations (Ctrough) at steady state with two groups of 
body weight (41–60 and 60.1–86 kg) for each significant 
covariate and dosage regimen. Total bilirubin was cat-
egorized into five groups: normal (0.1–1.29 mg/dL), grade 
1 hyperbilirubinemia (1.3–1.89 mg/dL), grade 2 hyper-
bilirubinemia (1.9–3.09 mg/dL), grade 3 hyperbilirubine-
mia (3.1–6.09 mg/dL), and grade 4 hyperbilirubinemia 
(>6.1 mg/dL).19 The allocation of weight and total biliru-
bin value to each individual in each group was performed 
at random. The simulated DTG Ctrough were compared 
with the in vitro protein- adjusted IC90 target of 0.064 mg/L 
and in vivo EC90 target of 0.3 mg/L7,20 across the different 
dosage regimens. The percentage of simulated individuals 
achieving target concentrations were calculated.

RESULTS

A total of 332 DTG concentrations from 40 PLWH were 
analyzed. Data from one participant were consistently 

below the LLOQ. As a result, data from this individual 
were removed from the analysis, except for the pre- dose 
concentration. The concentration–time profiles stratified 
by treatment group are provided in the Supplementary 
materials. The participants' characteristics are summa-
rized in Table 1.

Population pharmacokinetic analysis

The pharmacokinetics of DTG co- administered with ri-
fampicin can be best described by a one- compartment 
model with first- order absorption and elimination. 
Adding a second compartment did not improve the fit. 
The addition of lag time for describing the delayed ab-
sorption improved the model fit (dOFV = −15.9). The 
bioavailability (F) was fixed to 1. The IIV of V/F and lag 
time could not be precisely estimated, thus the V/F and 
lag time were estimated without its IIV. Allometric scal-
ing with body weight outperformed fat- free mass. The 
addition of the IOV on the absorption parameters (F and 
Ka) significantly improved the fit (∆OFV = 70.071). The 
results of the covariate analysis showed that total biliru-
bin was the only covariate that significantly affected CL/F. 
The pharmacokinetic parameter estimates from the final 
model are presented in Table 2. The final model of CL/F 
was described by the following equation:

Based on the final model, the estimated CL/F of DTG 
was 2.82 L/h among PLWH weighing 60 kg and having a 
total bilirubin of 0.38 mg/dL. An elevation of 1 mg/dL in 
total bilirubin decreased the CL/F of DTG by 25.7%. The 
GOF plots of the final model are shown in Figure 1. The 
model seems to overestimate DTG concentration during 

CL∕F=2.82×

(

body weight

60

)0.75

×exp−0.297×(total bilirubin−0.38))

PLWH characteristics
DTG 50 mg once daily 
with food (n = 20)

DTG 50 mg twice daily 
(n = 20)

No. of DTG plasma 
concentrations

160 140

Sex

Male (%) 17 (85) 18 (90)

Female (%) 3 (15) 2 (10)

Age (years), median (range) 37.5 ± 17.7 (25.0–60.5) 35.6 ± 19.8 (21.6–53.2)

Weight (kg), median (range) 59.3 ± 13.2 (41.1–78.4) 60.2 ± 18.5 (47.1–86.0)

Serum creatinine (mg/dL), 
median (range)

0.891 ± 0.310 (0.530–1.23) 0.895 ± 0.105 (0.610–1.73)

Total bilirubin (mg/dL), 
median (range)

0.380 ± 0.250 (0.140–2.58) 0.350 ± 0.150 (0.170–0.500)

T A B L E  1  Summary of demographic 
characteristics of the study populations 
stratified by treatment group.
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the first few hours after dose administration (0–5 h), as 
shown in the conditional weighted residuals (CWRES) 
versus time. The results from the bootstrap analysis 
showed that 97.3% of 1000 bootstrap runs were mini-
mized successfully. The bootstrap median and 95% CI of 
the parameter estimates were comparable to the values 
obtained from NONMEM (Table 2). The VPC plots strat-
ified by treatment group obtained from 1000 simulations 
are shown in Figure 2. Despite the fact that the predicted 
concentrations of the 5th and 95th percentiles seem to be 
overestimated between 0-  and 5- h post- dose, the observed 
median, 5th, and 95th percentiles at subsequent times fell 
within the 95% CIs of the simulated medians and respec-
tive percentiles. This demonstrated that the final model 
adequately described the central tendency and variability 
of the observed data.

Simulations for determining the optimal 
dosage regimens

Figure 3 shows the results of the DTG Ctrough in relation 
to the total bilirubin derived from the various dosage regi-
mens investigated in individuals weighing 41–60 kg and 
60.1–86 kg. The percentages of individuals having DTG 
Ctrough levels above the in  vitro protein- adjusted IC90 of 
0.064 mg/L and the in  vivo EC90 of 0.3 mg/L for normal 
and hyperbilirubinemia individuals taking 50 mg OD, 
50 mg b.i.d., and 100 mg OD of DTG are shown in Table 3. 
Regardless of total bilirubin levels, the administration of 
DTG 50 mg b.i.d. resulted in the highest proportion of in-
dividuals achieving a DTG Ctrough greater than the in vitro 

protein- adjusted IC90 of 0.064 mg/L (>99%) and in  vivo 
EC90 of 0.3 mg/L (>92%) in all weight groups. When 
DTG 50 mg OD was administered in individuals weigh-
ing 41–60 kg and 60.1–86 kg with normal bilirubin lev-
els, 79.2% and 78.4% of individuals achieved the in vitro 
protein- adjusted IC90 of 0.064 mg/L, while 20.9% and 
16.2% of individuals reached the in vivo EC90 of 0.3 mg/L. 
When taking DTG 100 mg OD, 92.6% of individuals weigh-
ing between 41–60 kg and 92.9% of individuals weighing 
between 60.1 and 86 kg, who have normal bilirubin lev-
els, would reach a target concentration of 0.064 mg/L. 
However, using a more conservative target of 0.3 mg/L, 
49.7% and 45.7% of individuals were able to achieve con-
centrations that exceeded the target.

DISCUSSION

In this study, the population pharmacokinetic model of 
DTG when co- administration with rifampicin was de-
veloped. The impact of food and other covariates on the 
pharmacokinetics of DTG was explored and simulations 
were carried out to assess DTG exposure across differ-
ent dosage regimens. The pharmacokinetics of DTG can 
be best described by a one- compartment model with a 
first- order absorption which is consistent with previous 
reports.14,21–23 Some of the population pharmacokinetics 
of DTG suggested a two- compartment model to describe 
DTG pharmacokinetics.13,24 It is interesting to mention 
that a two- compartment model could only be identified 
when the Inter- occasion variability was included for all ab-
sorption parameters in a previous study by Kawuma et al. 

T A B L E  2  The final pharmacokinetic parameter estimates and bootstrap results.

Parameter  
(units)

NONMEM Point  
estimate %RSE 95% CI

Bootstrap estimates

Median 95% CI

CL/F (L/h) 2.82 7.2% 2.42 3.22 2.84 2.43 3.20

V/F (L) 19.8 8.2% 16.6 22.9 19.9 17.0 23.5

Ka (h−1) 1.41 38.6% 0.344 2.48 1.47 0.344 2.47

F 1 (fixed) – – – – – –

Lag time (h) 0.562 33.6% 0.192 0.932 0.563 0.189 0.854

CL- Bilirubin − 0.297 9.7% −0.347 −0.240 −0.295 −0.512 −0.118

Inter- individual/Inter- occasion variability (%CV)

IIV- CL 19.1 14.58% 12.8 23.7 18.9 12.2 24.1

IOV- F1 90.6 20.3% 86.9 94.1 93.3 70.0 134

IOV- Ka 52.0 18.1% 28.1 67.9 48.9 24.9 72.5

Residual variability (%CV)

RUV prop 15.6 16.4% 9.27 20.0 15.3 9.84 20.3

Abbreviations: %CV, percent coefficient variation; %RSE, relative standard error; CL/F, apparent oral clearance; CL- Bilirubin, the influence of bilirubin 
on CL/F; F, bioavailability; IIV, inter- individual variability; IOV, inter- occasion variability; Ka, absorption rate constant; RSE defined as: (SEestimate/
estimate) × 100, where SE is standard error; RUV, residual variability; V/F, apparent volume of distribution.
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Despite incorporating the IOV into absorption parameters 
in our model, a two- compartment model did not improve 
the fit. With a median total bilirubin level of 0.38 mg/dL, 
the estimated CL/F of DTG was 2.82 L/h. for 60- kg indi-
viduals. It should be emphasized that the estimated DTG 
CL/F from our study was the CL/F when rifampicin was 
co- administered. Our estimated DTG CL/F value was 
comparable to that previously reported by Barcelo et  al. 
but was higher than what was estimated from other previ-
ous studies.13,14,21,23

Total bilirubin was the only covariate that significantly 
impacted DTG CL/F. The impact of total bilirubin on DTG 
pharmacokinetics was previously observed. Zhang et  al. 
found that the CL/F of DTG decreased with total bilirubin 
through a negative power coefficient.22 This is in line with 
the results of our investigation indicating that DTG CL/F 
was reduced with an increase in total bilirubin. As both DTG 
and bilirubin are primarily metabolized by UGT1A1, it is 
likely that there is a competition between bilirubin and DTG 
for UGT1A1which explains why there is this association.

F I G U R E  1  Goodness- of- fit 
plots of the final model: (a) observed 
concentration (DV) vs. population- 
predicted concentration, (b) DV vs. 
individual predicted concentrations 
(IPRED), (c) conditional weighted 
residuals (CWRES) vs. PRED, (d) CWRES 
vs. time after dose.

F I G U R E  2  The visual predictive 
check of DTG (VPC) stratified by study 
group: (a) 50 mg b.i.d. without food 
and (b) 50 mg OD with food. Open 
circles represent the observed DTG 
concentrations. The solid red line 
represents the 50th percentile of the 
observed concentration, whereas the 
dashed lines represent the 5th and 95th 
percentiles. The shaded areas represent 
the 95% CI of the respective percentiles 
predicted by the model.
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It was previously shown that the administration of 
DTG with food increased DTG exposure. The area under 
the concentration–time curve from 0 to infinity (AUC0–α) 
increased by 33%–66% when DTG was administered with 
low to high- fat meals, according to a previous study.12 
In addition, a higher maximum concentration of DTG 
(Cmax) and duration to maximum concentration of DTG 
in plasma (Tmax) was seen with increasing fat content.12 
A previous population pharmacokinetic study of DTG 
in healthy volunteers demonstrated that the absorption 
lag time was five times prolonged when DTG was ad-
ministered with food. Nevertheless, the effect of food on 
DTG bioavailability has not been identified.13 Neither 
the effect of food on bioavailability nor the lag time was 
found in our study. This absence of association may be 
attributable to the small number of PLWH in fasting and 
fed conditions as well as the variability in fat content 
among foods. Another possible explanation could be the 

significant fluctuation of DTG during absorption which 
may disguise the effect of food. Interestingly, despite the 
delayed absorption was accounted for by adding lag time 
in the model, the GOF plots demonstrated that DTG 
concentrations seem to be overestimated between 0 and 
5 h. These overestimated concentrations were from 5 
PLWH who took DTG with food. Thus, we hypothesized 
that the delayed absorption by food for some individuals 
may exceed the estimated lag period. Furthermore, the 
VPC plots revealed significant variations in absorption 
among those who took DTG with food. This variability 
may be attributed to the impact of varying amounts of 
fat in the meal.

The DTG Ctrough of 0.3 mg/L is widely used as the tar-
get concentration for DTG, as it was determined based on 
findings from a phase IIb trial. The 0.064 mg/L in  vitro 
target may have limitations when translated to in  vivo 
conditions. Findings from a recent randomized clinical 

F I G U R E  3  Box plots of the simulated trough concentrations of 50 mg once daily (OD), 50 mg twice daily (b.i.d.), and 100 mg OD of DTG 
in relation to the total bilirubin in individuals weighing 41–60 kg and 60.1–86 kg. The boxes indicate the 25th, 50th, and 75th percentiles, 
while the whiskers indicate the 5th and 95th percentiles. The in vivo EC90 is 0.3 mg/L. Protein- adjusted 90% inhibitor concentration (IC90) is 
0.064 mg/L.

T A B L E  3  The percentage of simulated individuals achieving in vitro protein- adjusted IC90 target of 0.064 mg/L and in vivo EC90 target of 
0.3 mg/L in different weight group.

Regimen

% Ctrough achieving IC90 of 0.064 mg/L % Ctrough achieving EC90 of 0.3 mg/L

Total bilirubin Total bilirubin

Normal Grade 1 Grade 2 Grade 3 Grade 4 Normal Grade 1 Grade 2 Grade 3 Grade 4

Weight 41–60 kg

50 mg OD 79.2 96.3 99.4 100 100 20.9 58.2 84.1 98.8 100

50 mg b.i.d. 99.9 100 100 100 100 95.5 99.2 99.9 100 100

100 mg OD 92.6 98.9 99.8 100 100 49.7 78.3 93.8 99.7 100

Weight 60.1–86 kg

50 mg OD 78.4 96.3 99.4 100 100 16.2 53.4 80.7 98.3 100

50 mg b.i.d. 99.9 99.9 100 100 100 92.7 94.8 99.7 99.9 100

100 mg OD 92.9 98.9 99.8 100 100 45.7 74.4 92.1 99.6 100
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trial (RADIANT- TB) and a retrospective cohort study in 
Botswana demonstrated that the efficacy of a double dose 
of DTG (50 mg b.i.d.) was similar to that of the once- daily 
dose in PLWH concomitantly receiving rifampicin.11,25 
Additionally, the interim analysis of the clinical efficacy 
in our study has shown comparable rates of virological 
suppression between the DTG 50 mg OD and DTG 50 mg 
b.i.d.26 While comparable levels of virological suppression 
were observed in these studies, a greater percentage of pa-
tients on the OD regimen had DTG trough concentrations 
below the in vitro protein- adjusted IC90. This suggests that 
the in vitro target of 0.064 mg/L is valid and implies that 
factors other than DTG trough concentrations may also 
play a role in clinical effectiveness. A potential explana-
tion could be due to a slower dissociation of DTG from 
a wild- type integrase- DNA complexes, with a half- life of 
71 h.27 Thus, viral suppression is still present, despite hav-
ing transient DTG concentrations below the in vitro tar-
geted level. However, further investigation is required to 
confirm this.

When co- administered with rifampicin, DTG CL/F in-
creased by 85.6%–261%.13,21,23 Thus, doubling the dose of 
DTG to twice daily is recommended. Our simulation re-
sults predicted that DTG 50 mg b.i.d. resulted in the high-
est proportion of individuals achieving the target trough 
concentrations of 0.064 and 0.3 mg/mL. This is consistent 
with the simulation results from previous population 
pharmacokinetic studies.13,14 A recent study on popula-
tion pharmacokinetics compared the pharmacokinetics 
of DTG when taken with either a standard (10 mg/kg) or 
high (35 mg/kg) dose of rifampicin. The study demon-
strated that regardless of the dose of rifampicin, admin-
istering DTG 50 mg b.i.d. provided adequate DTG trough 
concentrations to attain the target of 0.064 and 0.3 mg/
mL.14 A previous study conducted in a small number of 
healthy volunteers revealed that DTG 100 mg OD resulted 
in DTG concentrations that were significantly above 
the desired in  vitro protein- adjusted IC90 of 0.064 mg/L. 
However, it is worth noting that only 5 out of the 14 partic-
ipants were able to attain the desired in vivo target Ctrough 
of 0.3 mg/L.28 The findings from our study confirmed that 
although about 50% of individuals with normal bilirubin 
levels will achieve the more conservative target of 0.3 mg/L 
with a once- daily dosing regimen of DTG 100 mg, ~93% of 
individuals with normal bilirubin levels will have Ctrough 
>0.064 mg/L. This indicated that a DTG 100 mg once- daily 
dose provides adequate Ctrough levels and may improve 
treatment adherence. However, it will not resolve the 
problem of potential dolutegravir stockouts of the single 
pill. Our simulation results indicated that ~80% of indi-
viduals with normal bilirubin levels who received a 50 mg 
OD regimen would achieve the in vitro protein- adjusted 
IC90 of 0.064 mg/L. As a portion of patients receiving DTG 

50 mg OD would have DTG concentrations below the tar-
get, its efficacy of maintaining viral suppression may be 
called into question.

Neuropsychiatric adverse events (NP- AEs) are one of 
the side effects of concern that can result in DTG discon-
tinuation. Previous studies have revealed a correlation 
between plasma DTG levels and neuropsychiatric adverse 
events (NP- AEs).29,30 Although the cutoff values for pre-
dicting NP- AEs have not been established, Yagura et  al. 
discovered that subjects with the median DTG Ctrough 
greater than 1.34 mg/L had a higher risk of NP- AEs.29 
Moreover, a median DTG Ctrough of 1.7 mg/L was seen in 
PLWH who prematurely terminated DTG treatment due to 
NP- AEs.31 Based on our simulation results, 0.15%, 25.9%, 
and 2.91% of individuals weighing 41–60 kg with normal 
bilirubin would have a DTG Ctrough >1.34 mg/L when DTG 
50 mg OD, 50 mg b.i.d., and 100 mg OD was administered. 
For individuals weighing 60.1–86 kg with normal biliru-
bin, 0.05%, 14.5%, and 1.70% of individuals would have 
DTG Ctrough >1.34 mg/L (data not shown). When the cut-
off value of 1.7 mg/L was used, 0.03%, 13.1%, and 1.26% 
of individuals weighing 41–60 kg taking DTG 50 mg OD, 
50 mg b.i.d., and 100 mg OD, respectively, had DTG Ctrough 
levels that exceeded the cutoff value. Individuals weigh-
ing 60.1–86 kg with normal bilirubin levels would experi-
ence DTG Ctrough exceeding 1.7 mg/L 0%, 6.02%, and 0.60% 
when DTG 50 mg OD, 50 mg b.i.d., and 100 mg OD was 
given, and the percentages increased in individuals with 
hyperbilirubinemia (data not shown). While administra-
tion of DTG 50 mg b.i.d. resulted in the highest number 
of individuals achieving the target DTG Ctrough, the higher 
proportion of the subjects might be also at risk for NP- AEs.

There were some limitations in this study. First, all 
the participants received DTG with rifampicin. Thus, the 
pharmacokinetics of DTG in the absence of rifampicin 
and the effect of rifampicin on the pharmacokinetics of 
DTG cannot be determined. A recent population phar-
macokinetic study conducted by Kengo et al. has shown 
that an increase in rifampicin exposure leads to a decrease 
in DTG bioavailability.14 Due to the unavailability of ri-
fampicin concentrations in our study, we were unable to 
explore the effects of rifampicin exposure. While the im-
pacts of rifampicin exposure on the pharmacokinetics 
of DTG were not explicitly studied, our findings support 
the conclusion of the previous study that DTG 50 mg 
b.i.d. provides adequate exposure above the target level. 
Second, the developed model demonstrated an overpre-
diction of DTG concentrations during absorption in some 
of the individuals who took DTG with food. Despite the 
fact that the delayed absorption was captured by the lag- 
time model, these individuals appeared to have a longer 
delayed absorption. Moreover, our study observed no ef-
fect of food on the pharmacokinetics of DTG. Therefore, 
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the effect of food on the pharmacokinetics of DTG should 
be further investigated in a larger study. Lastly, the simu-
lations to investigate the alternative doses of DTG when 
co- administered with rifampicin were based on the Ctrough 
target. Therefore, the clinical relevance of these alterna-
tive doses requires further investigation. Additionally, the 
administration of DTG 100 mg OD may result in an in-
crease of the maximum concentration of DTG, potentially 
leading to the occurrence of toxicities. Nevertheless, this 
correlation must be confirmed in clinical settings. In con-
clusion, for PLWH receiving rifampicin as a co- medication, 
the administration of 50 mg b.i.d. provides highest pro-
portion of patients achieving target concentration, while 
100 mg OD provides sufficient DTG concentrations based 
on the target IC90 of 0.064 mg/L. This simplified regimen 
of 100 mg OD is appealing as an alternate regimen since it 
may improve adherence while maintaining an adequate 
DTG exposure. However, its clinical efficacy needs to be 
further examined.

AUTHOR CONTRIBUTIONS
BP: Design research, analyzed data, wrote manuscript. AC: 
Analyzed data, wrote manuscript. TU: Design research, 
performed research. SG: Design research, performed re-
search. SU: Performed research. YSC: Performed research. 
JGS: Performed research. AA: Design research, performed 
research, wrote manuscript.

ACKNOWLEDGMENTS
We would like to acknowledge all participants and HIV- 
NAT staff. This work was supported by Erawan HPC 
Project, Information Technology Service Center (ITSC), 
Chiang Mai University, Chiang Mai, Thailand.

FUNDING INFORMATION
The study drug was supported by The Sai Pharma, Ltd. 
This work was funded by the Health Systems Research 
Institute in the code of HSRI 63- 106, 63- 020 and  
65- 030 and the National Research Council of Thailand 
(NRCT5- RSA63004- 13).

CONFLICT OF INTEREST STATEMENT
The authors declared no competing interests for this work.

ORCID
Baralee Punyawudho   https://orcid.
org/0000-0003-3242-2462 
Thornthun Ueaphongsukkit   https://orcid.
org/0000-0001-6049-9032 
Sivaporn Gatechompol   https://orcid.
org/0000-0001-9511-370X 
Sasiwimol Ubolyam   https://orcid.
org/0000-0003-2105-1408 

Yong Soon Cho   https://orcid.org/0000-0003-1424-1123 
Jae Gook Shin   https://orcid.org/0000-0002-5821-850X 
Anchalee Avihingsanon   https://orcid.
org/0000-0003-3222-9611 

REFERENCES
 1. World Health Organization. Update of Recommendation on 

First-  and Second- Line Antiretroviral Regimens. WHO; 2019.
 2. Thailand National guidelines on Human immunodeficiency 

virus infection and acquired immune deficiency syndrome 
(HIV/AIDS) Diagnosis, Treatment and Prevention 2020/2021 
[Internet]. Bureau of AIDS, TB and STIs Department of Disease 
control, Ministry of Public Health. 2021. http:// www. thaia idsso 
ciety. org/ images/ PDF/ thai_ aids_ guide lines_ 2020_ 2021. pdf. 
2022

 3. 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):1807-1818.

 4. Fantauzzi A, Mezzaroma I. Dolutegravir: clinical efficacy and 
role in HIV therapy. Ther Adv Chronic Dis. 2014;5(4):164-177.

 5. Castellino S, Moss L, Wagner D, et al. Metabolism, excretion, and 
mass balance of the HIV- 1 integrase inhibitor dolutegravir in 
humans. Antimicrob Agents Chemother. 2013;57(8):3536-3546.

 6. Reese MJ, Savina PM, Generaux GT, et al. In vitro investigations 
into the roles of drug transporters and metabolizing enzymes 
in the disposition and drug interactions of dolutegravir, a HIV 
integrase inhibitor. Drug Metab Dispos. 2013;41(2):353-361.

 7. Cottrell ML, Hadzic T, Kashuba AD. Clinical pharmaco-
kinetic, pharmacodynamic and drug- interaction profile of 
the integrase inhibitor dolutegravir. Clin Pharmacokinet. 
2013;52(11):981-994.

 8. van Lunzen J, Maggiolo F, Arribas JR, et  al. Once daily do-
lutegravir (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):111-118.

 9. World Health Organization. Tuberculosis and HIV. 2020. 
https:// www. who. int/ teams/  global- hiv- hepat itis- and- stis- 
progr ammes/  hiv/ treat ment/ tuber culos is- hiv

 10. Chen J, Raymond K. Roles of rifampicin in drug- drug inter-
actions: underlying molecular mechanisms involving the 
nuclear pregnane X receptor. Ann Clin Microbiol Antimicrob. 
2006;15(5):3.

 11. Modongo C, Wang Q, Dima M, et  al. Clinical and virolog-
ical outcomes of TB/HIV Coinfected patients treated with 
dolutegravir- based HIV antiretroviral regimens: programmatic 
experience from Botswana. J Acquir Immune Defic Syndr. 
2019;82(2):111-115.

 12. Song I, Borland J, Chen S, et al. Effect of food on the pharma-
cokinetics of the integrase inhibitor dolutegravir. Antimicrob 
Agents Chemother. 2012;56(3):1627-1629.

 13. Kawuma AN, Wasmann RE, Dooley KE, Boffito M, Maartens 
G, Denti P. Population pharmacokinetic model and alternative 
dosing regimens for dolutegravir coadministered with rifampi-
cin. Antimicrob Agents Chemother. 2022;66(6):e0021522.

 14. Kengo A, Nabisere R, Gausi K, et  al. Dolutegravir pharma-
cokinetics in Ugandan patients with TB and HIV receiving 
standard-  versus high- dose rifampicin. Antimicrob Agents 
Chemother. 2023;67(11):e0043023.

https://orcid.org/0000-0003-3242-2462
https://orcid.org/0000-0003-3242-2462
https://orcid.org/0000-0003-3242-2462
https://orcid.org/0000-0001-6049-9032
https://orcid.org/0000-0001-6049-9032
https://orcid.org/0000-0001-6049-9032
https://orcid.org/0000-0001-9511-370X
https://orcid.org/0000-0001-9511-370X
https://orcid.org/0000-0001-9511-370X
https://orcid.org/0000-0003-2105-1408
https://orcid.org/0000-0003-2105-1408
https://orcid.org/0000-0003-2105-1408
https://orcid.org/0000-0003-1424-1123
https://orcid.org/0000-0003-1424-1123
https://orcid.org/0000-0002-5821-850X
https://orcid.org/0000-0002-5821-850X
https://orcid.org/0000-0003-3222-9611
https://orcid.org/0000-0003-3222-9611
https://orcid.org/0000-0003-3222-9611
http://www.thaiaidssociety.org/images/PDF/thai_aids_guidelines_2020_2021.pdf.2022
http://www.thaiaidssociety.org/images/PDF/thai_aids_guidelines_2020_2021.pdf.2022
http://www.thaiaidssociety.org/images/PDF/thai_aids_guidelines_2020_2021.pdf.2022
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/treatment/tuberculosis-hiv
https://www.who.int/teams/global-hiv-hepatitis-and-stis-programmes/hiv/treatment/tuberculosis-hiv


104 |   PUNYAWUDHO et al.

 15. Division of Tuberculosis. National Tuberculosis Control Programme 
Guideline, Thailand 2021. Division of Tuberculosis; 2021. https:// 
ddc. moph. go. th/ uploa ds/ publi sh/ 12532 20220 33006 43 37. pdf

 16. Beal SL. Ways to fit a PK model with some data below the quan-
tification limit. J Pharmacokinet Pharmacodyn. 2001;28(5): 
481-504.

 17. Ette EI, Williams PJ, Kim YH, Lane JR, Liu MJ, Capparelli EV. 
Model appropriateness and population pharmacokinetic mod-
eling. J Clin Pharmacol. 2003;43(6):610-623.

 18. Jadhav PR, Gobburu JV. A new equivalence based metric for 
predictive check to qualify mixed- effects models. AAPS J. 
2005;7(3):E523-E531.

 19. Du P, Wang A, Ma Y, Li X. Association between the 
UGT1A1*28 allele and hyperbilirubinemia in HIV- positive 
patients receiving atazanavir: a meta- analysis. Biosci Rep. 
2019;39(5):BSR20182105.

 20. Min S, Song I, Borland J, et  al. Pharmacokinetic (PK) and 
pharmacodynamic (PD) relationship of S/GSK1349572, a next- 
generation integrase inhibitor (INI), in HIV- 1 infected patients. 
IAS 2009-5th Conference on HIV Pathogenesis, Treatment and 
Prevention; 2009 Jul 19–22; Cape Town, South Africa. 2009.

 21. Barcelo C, Aouri M, Courlet P, et  al. Population pharmaco-
kinetics of dolutegravir: influence of drug- drug interactions 
in a real- life setting. J Antimicrob Chemother. 2019;74(9): 
2690-2697.

 22. Zhang J, Hayes S, Sadler BM, et al. Population pharmacokinet-
ics of dolutegravir in HIV- infected treatment- naive patients. Br 
J Clin Pharmacol. 2015;80(3):502-514.

 23. Francois P, Patrick M, Florence B, Marie- Claude G. Dolutegravir 
population pharmacokinetics in a real- life cohort of people liv-
ing with HIV infection: a covariate analysis. Ther Drug Monit. 
2019;41(4):444-451.

 24. Kawuma AN, Walimbwa SI, Pillai GC, et  al. Dolutegravir 
pharmacokinetics during co- administration with either arte-
mether/lumefantrine or artesunate/amodiaquine. J Antimicrob 
Chemother. 2021;76(5):1269-1272.

 25. Griesel R, Zhao Y, Simmons B, et  al. Standard- dose versus 
double- dose dolutegravir in HIV- associated tuberculosis in 
South Africa (RADIANT- TB): a phase 2, non- comparative, ran-
domised controlled trial. Lancet HIV. 2023;10(7):e433-e441.

 26. Avihingsanon A, Ueaphongsukkit T, Gatechompol S, et  al. 
Pharmacokinetic and 48 week efficacy of once- daily vs 

twice- daily dolutegravir among patients with human immuno-
deficiency virus/tuberculosis coinfection receiving rifampicin 
based tuberculosis therapy: A Randomized Control Trial. The 
24th International AIDS Conference. Montreal, Canada. Jul 
29–Aug 2. 2022.

 27. Hightower KE, Wang R, Deanda F, et  al. Dolutegravir (S/
GSK1349572) exhibits significantly slower dissociation than ral-
tegravir and elvitegravir from wild- type and integrase inhibitor- 
resistant HIV- 1 integrase- DNA complexes. Antimicrob Agents 
Chemother. 2011;55(10):4552-4559.

 28. Wang X, Cerrone M, Ferretti F, et al. Pharmacokinetics of do-
lutegravir 100 mg once daily with rifampicin. Int J Antimicrob 
Agents. 2019;54(2):202-206.

 29. Yagura H, Watanabe D, Nakauchi T, et al. Effect of dolutegravir 
plasma concentration on central nerverse system side effects. 
Abstract 426, Conf Retroviruses Opportunistic Infect. Seattle, 
Washington. Feb 13–16. 2017.

 30. Yagura H, Watanabe D, Kushida H, et al. Impact of UGT1A1 
gene polymorphisms on plasma dolutegravir trough concentra-
tions and neuropsychiatric adverse events in Japanese individ-
uals infected with HIV- 1. BMC Infect Dis. 2017;17(1):622.

 31. Menard A, Montagnac C, Solas C, et al. Neuropsychiatric ad-
verse effects on dolutegravir: an emerging concern in Europe. 
Aids. 2017;31(8):1201-1203.

SUPPORTING INFORMATION
Additional supporting information can be found online 
in the Supporting Information section at the end of this 
article.

How to cite this article: Punyawudho B, 
Chanruang A, Ueaphongsukkit T, et al. The 
population pharmacokinetics of dolutegravir 
co- administered with rifampicin in Thai people 
living with HIV: Assessment of alternative dosing 
regimens. CPT Pharmacometrics Syst Pharmacol. 
2025;14:95-104. doi:10.1002/psp4.13244

https://ddc.moph.go.th/uploads/publish/1253220220330064337.pdf
https://ddc.moph.go.th/uploads/publish/1253220220330064337.pdf
https://doi.org/10.1002/psp4.13244

	The population pharmacokinetics of dolutegravir co-administered with rifampicin in Thai people living with HIV: Assessment of alternative dosing regimens
	Abstract
	INTRODUCTION
	METHODS
	Participants and blood samples
	Analytical assay
	Population pharmacokinetic analysis
	Model evaluation
	Simulations for evaluating optimal dosage regimens

	RESULTS
	Population pharmacokinetic analysis
	Simulations for determining the optimal dosage regimens

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	ORCID
	REFERENCES


