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ABSTRACT

Objectives
Dolutegravir has replaced efavirenz as first line treatment in universal HIV guidelines. We sought to ascertain the contributory effect of single nucleotide polymorphisms (SNPs) in four key genes linked to dolutegravir disposition (UGT1A1, ABCG2, CYP3A and NR1I2) on plasma DTG pharmacokinetics. 
Methods
Paired pharmacogenetic/pharmacokinetic data from 93 subjects were analyzed for association using multivariate linear regression. 
Results
Co-occurring UGT1*28 and NR1I2 c.63396C>T homozygosity was associated with a 79% increase in AUC0-24 (p=0.001; 27% if analysed individually) whilst combined ABCG2 c.421C>A and NR1I2 c.63396C>T variants were associated with a 43% increase in Cmax (p=0.002) and a 39% increase in AUC0-24 (p=0.002) respectively. When analysed individually, homozygosity for the NR1I2 c.63396C>T variant alleles was associated with a 28% increase in Cmax (p=0.033) and homozygosity for the ABCG2 c.421C> variant alleles was associated with a 28% in Cmax (p=0.047). The UGT1A1*28 (rs8175347) poor metabolizer status (*28/*28; *28/*37; *37/*37) was individually associated with a 27% increase in AUC0-24 (p=0.020). The combination of UGT1A1*28 poor metaboliser and UGT1A1*6 intermediate metaboliser statuses correlated with a 43% increase in AUC0-24 (p=0.023). 
Conclusion
This study showed a pharmacogenetic association between dolutegravir pharmacokinetics and variants in the ABCG2, UGT1A1 and NRI1/2 genes, particularly when combined. Further research is warranted to confirm these associations in population-specific studies and to investigate their putative relationship with DTG pharmacodynamics.

INTRODUCTION

Dolutegravir is now a preferred agent in major guidelines and a drug of choice for many HIV healthcare providers worldwide.1-3 Importantly, it has replaced efavirenz as the preferred first-line agent in the WHO antiretroviral (ARV) guidelines and has been recommended by PEPFAR (Emergency Programme on AIDS Research) for rapid introduction in key target countries, meaning that it is a major player in the global ARV scale up.4 Despite a signal for a possible increased risk of neural tube defects in women who conceive on dolutegravir (0.3%), the WHO still recommends dolutegravir in women, provided that those of childbearing age are well informed and have access to reliable contraception.4, 5 It is estimated that 15 million people could be taking dolutegravir by 2025, which stresses the importance of understanding how its pharmacology behaves in diverse and wide-ranging populations.6, 7

Whilst dolutegravir discontinuation rates secondary to any adverse events (AEs) were low in phase III trials (<2%),8 real-life data reveal unexpectedly higher frequencies (range 2.3%-13.7%), most commonly due to neuropsychiatric (NP) AEs, with a mean incidence of 3.5% (range 1.4-7.2%).9-12 Risk factors have been proposed in some cohorts12-16 but altogether disproved in others.17-19 Whilst a relation with dolutegravir Cmin is suggested, mechanisms of dolutegravir-related AEs, particularly neurotoxicity, are thought to be more complex than a simple linear or threshold-defined PK relationship and may relate to a combination of factors that include pharmacogenetic, immune and/or functional predispositions.14, 20

The pharmacokinetic (PK) and pharmacodynamic (PD) properties of dolutegravir have been extensively described.21 It is primarily metabolised via the phase II enzyme uridine-diphosphate glucuronosyltransferase 1A1 (UGT1A1) and cytochrome P450 3A4 (CYP3A4; ~ 15%). It is also a substrate for the efflux transporters breast cancer resistance protein (BCRP; ABCG2) and P-glycoprotein (P-gp; ABCB1), which are found on gastrointestinal and liver epithelial cells and the blood brain barrier endothelium.22 Dolutegravir displays no significant CYP enzyme inhibition or induction and thus is a minor drug–drug interaction (DDI) perpetrator.23 Its PK inter-individual variability was moderate in pre-licencing trials (coefficient of variation, CV%, 24-26%) but was greater in subsequent studies (CV% up to 85%).20, 24, 25 Furthermore, its Summary of Product Characteristics (SPC) reports no ethnicity or gender differences in exposure26 but this remains to be confirmed more specifically in large, controlled and diverse populations.23

Pharmacogenetics data for dolutegravir, however, are limited. To date, associations between UGT1A1*6 (rs4148323), UGT1A1*28 (rs8175347) and ABCG2 c.421C>A (rs2231142) variants and increased dolutegravir PK parameters have been suggested.16, 27-29 An association between a variant of the OCT2 encoding gene (SLC22A2) and sub-clinical neuropsychiatric pharmacodynamic measurements has also been reported.30 Dolutegravir, though, is not a substrate of OCT2 and variants would not be expected to impact plasma concentrations. 

Of additional interest, CYP3A4*22 (522-191C>T; rs35599367) is associated with lower CYP3A4 expression and activity within the liver,31 as well as increased lopinavir concentrations 32. The CYP3A5*3 (6986A>G, rs776746) variant allele, whilst not directly involved in dolutegravir metabolism, is known to be in linkage disequilibrium with CYP3A4*1B and has been independently associated with higher nevirapine AUC and reduced atazanavir clearance.33-35 NR1I2 encodes the pregnane X receptor (PXR), which regulates the expression and activity of several enzymes, including CYP3A4 and UGT1A1.33, 36 NR1I2 c.63396C>T (rs2472677) has been associated with the PK of unboosted atazanavir.37, 38 Accordingly, the objective of this study was to investigate the role of common UGT1A1, ABCG2, CYP3A and NR1I2 single nucleotide polymorphisms (SNPs) on plasma dolutegravir concentrations in pooled subject data from four clinical trials investigating the PK of 50mg dolutegravir taken once daily (OD). ABCB1 SNPs were not selected since there are many known compensatory mechanisms for any potential ABCB1 polymorphism related PK/PD effects.

MATERIALS AND METHODS

Clinical study & participant selection
Pooled samples from three Phase I (NCT02219217, NCT02509195 and NCT03094507) and one Phase III (NCT02351908)) clinical trials carried out at the St Stephen’s AIDS Trust clinical trial unit, London, between 2014 and 2017 were collected and saved for genetic analysis. All Phase I trials were clinical pharmacology repeat-dose studies involving intensive PK assessments. The Phase III trial included a PK sub-study involving a timed dolutegravir C24 at steady state.  All studies used a 50mg dose of dolutegravir OD, taken as a tablet either alone (healthy volunteers) or co-formulated with abacavir/lamivudine in the Phase I studies and with emtracitabine/tenofovir in the Phase III study (HIV infected participants). All clinical studies are registered.

The studies selected for inclusion were conducted in accordance with good clinical practice procedures, all applicable regulatory requirements and the guiding principles of the Declaration of Helsinki. The study protocols for each clinical study were reviewed and approved by the applicable National Research Ethics Service (NRES) committees and the Medicines and Healthcare products Regulatory Agency (MHRA). Pharmacogenetic samples were collected under separate written informed consent to the main clinical study, which was optional for participants. The respective NRES committees for each study approved the pharmacogenetic sub-study for each trial as part of the main study protocol approval.  No individual subject took part in more than one study. 

PK sample and data collection
Within each of the Phase I studies, subjects underwent steady-state intensive dolutegravir plasma PK determinations, following witnessed drug intake. Blood samples were collected pre-dose, 1, 2, 3, 4, 8, 12- and 24-hours post-dose. The Phase III study involved a one-off PK sample taken 24-hour post-dose. This was carefully timed, with research staff instructing participants over the phone to take the medication the morning of dosing and with participants attending the clinical research unit the following day to allow for sampling exactly 24-hours post-dose. Overall, Medication adherence was assessed through direct questioning and pill count in all studies. Steady-state plasma concentrations were determined using high-pressure liquid chromatography–tandem mass spectrometry methods for samples from three clinical trials (HPLC-MS/MS; Bioanalytical Facility, University of Liverpool) or ultra-performance liquid chromatography coupled with UV detection for one clinical trial (UPLC; Jefferiss Trust Laboratory, Imperial College London). Both have been validated and described including accuracy data.39, 40 The lower limits of quantification (LLQ) was 10 ng/mL and 80 ng/mL, respectively. For concentrations below the assay LLQ, a value of one-half of the quantification limit was used. The two methods were not crossed validated as their respective calibration ranges vary widely.

The calculated PK parameters for plasma dolutegravir in the three phase I studies were the plasma concentration measured 24 hours after the observed dose (Cmin), the maximum observed plasma concentration (Cmax), AUC0-24 and the half-life (t1/2). For the phase III study participants, only Cmin was determined. PK parameters were calculated using actual blood sampling time and non-compartmental analysis techniques (WinNonlin Phoenix; version 6.1 or above; Pharsight, Mountain View, CA).

Pharmacogenetics sample collection, DNA extraction and genotyping
Venous blood was collected at baseline, from subjects consenting to pharmacogenetics research, into an EDTA vacutainer. Samples were then shipped on dry ice to the University of Liverpool Pharmacology Research Laboratories, UK, and stored at -80°C. Genomic DNA was extracted from whole blood using a spin-column based kit according to the manufacturer’s protocol (E.Z.N.A Blood DNA Mini Kit; Omega bio-tek; Norcross, GA). Extracted DNA was quantified using NanoDrop (ThermoFisher Scientific, Wilmington, DE). Genotyping was completed using real time allelic discrimination PCR assays on a DNA Engine Chromo4 system (Bio-Rad Laboratories, Hercules, CA). Taqman Genotyping Master mix and assays CYP3A4*22 c.522-191C>T (rs35599367, catalogue number C__59013445_10), CYP3A5*3 c.6986A>G (rs776746, catalogue number C_26201809_30), ABCG2 c.421C>A (rs2231142, catalogue number C_15854163_70), ABCG2 c.34G>A (rs2231137, made to order), NR1I2 c.63396C>T (rs2472677, catalogue number C_26079845_10), NR1I2 c.44477A>G (rs1523130, catalogue number C_9152783_20) and UGT1A1*6 c.211G>A (rs4148323, catalogue number C_559715_20) were purchased from Thermofisher Scientific (Life Technologies Ltd, Paisley, Renfrewshire, UK). Opticon Monitor V3.1 software (Bio-Rad Laboratories) was used to obtain allelic discrimination plots and identify genotypes. The UGT1A1 promoter region (*1, *28, *36 and *37) was genotyped using an Agena MassArray iPLEX assay.

Covariates
Subject age, gender, height, weight, ethnicity, HIV status and accompanying drug to dolutegravir were extracted from each study. Covariates were then included in the univariate and multivariate linear regressions described below. 

Statistical analysis
In order to determine assay performance, genotypes for each marker were evaluated for compliance with Hardy–Weinberg equilibrium (p>0.05) using validated and previously outlined methods.41 Allele frequencies were also compared to publicly available British and European allele frequencies.42 Genotypes were coded for regression analyses as 0 for the homozygous common allele, 1 for the heterozygous and 2 for the homozygous variant allele. For SNPs displaying a dominant or recessive allele effect, coding was dichotomized and weighted appropriately (eg: if using a recessive genotypic test model, the homozygote common variant and the heterozygote allele were grouped into a single category coded as 0 whilst the homozygote variant was coded as 2).43 The SNPs selected for the study were analyzed individually. SNPs found to correlate with any PK parameter were then also combined in pairs to create scoring algorithms consisting of the sum of each genotype code. 
Categorical variables were described using relative frequencies, while continuous variables were described using median and IQR. Drug PK parameters were described using Geometric Means (GM) and 95% CI. Inter-individual variability in PK parameters was expressed as a percentage coefficient of variation [CV, (standard deviation/mean)×100].

The Shapiro–Wilk test was applied to test continuous variables for normality, with p<0.05 considered statistically significant; variables were Log10 transformed if the normality test failed. 
Associations between participant covariate characteristics or genotypes and dolutegravir concentrations were determined through univariate and multivariate linear regressions. Univariate linear regressions with a p value of <0.2 were carried through to multivariate linear regression analysis where a value of <0.05 was classed as statistically significant and checked with the Benjamini-Hochberg procedure to account for multiple comparisons, using a false positivity rate (Q value) of 10%. All statistical analyses were carried out using IBM SPSS Statistics v.22 (IBM, Armonk, NY). Charts were produced using GraphPad Prism 8 (GraphPad Software, La Jolla, CA).

RESULTS

Participants 
One hundred participants attended the baseline visit of one of the four clinical trials. Two subjects declined participation to a genomic sub-study and 5 withdrew from their trial before PK data were collected. 93 subjects with paired pharmacogenetic and PK data were pooled for analysis (57 HIV-infected and 36 healthy volunteers; 67 men and 26 women). Subject characteristics and genotype frequencies are summarised in table 1. The median (IQR) age and weight were 51 years (35–64 years) and 77 kg (67-84); 71% self-described as Caucasian and 17% as Black African or Black Caribbean. 

Dolutegravir pharmacokinetics
76 participants provided intensive PK data collected over 24 hours and 17 provided a single PK sample 24 hours post-dose. 53 samples were analysed using HPLC-MS/MS and 40 using UPLC. All the participants received 50mg OD dolutegravir, taken in the morning of the intensive PK day or the morning before the one-off PK measurement. Dolutegravir GM (95% CI) for Cmax, AUC0-24, Cmin and t1/2 were 3974 ng/mL (3864 – 4357), 51846 ng*h/mL (48607- 55085), 1182 ng/mL (994 – 1371) and 13.0 hours (12.1 – 14.0). Dolutegravir PK parameters are summarised by SNP in table S1. 

 Dolutegravir pharmacogenetics
All SNPs were in Hardy–Weinberg equilibrium, except for CYP3A5*3 c.6986A>G (rs776746; X2 = 33.36; p=0.001) and CYP3A4*22 c.522-191C>T (rs35599367; X2 = 33.13; p=0.001), which may compromise their interpretation (although both still mirrored European genotype distribution). Genomic data were missing in 1 case for CYP3A5*3, 1 case for UGT1A1*6 and 9 cases for UGT1A1*28 due to assay failure. Genotype distributions are summarised in table 1. Univariate and multivariate regression analyses with significant associations for dolutegravir PK parameters are presented in table 2 whilst figure 1 shows scatter plots for each statistically significant genotype, plotting dolutegravir plasma PK data (GM) versus genotype for each SNP.  The totality of the regression results can also be found in table S2.

Covariates
Weight and Log10 height were associated with lower dolutegravir Log10 Cmax (β=-1.649; p =0.012 and β=-0.003; p=0.009, respectively) whilst dolutegravir administration within abacavir/lamivudine was associated with a higher dolutegravir Log10 Cmax than intake alone (GM Cmax (95%CI) 4246 (3872-4620) versus 3692 (3414-3971) ng/mL, p=0.001). Tenofovir/emtricitabine co-administration with dolutegravir was associated with a higher Log10 Cmin than administration alone or with abacavir/lamivudine (GM Cmin (95%): 1791 (975-2607) versus 1106 (976-1236) & 1052 (876-1228) ng/mL, respectively; β=0.069; p=0.034).  Finally, increased weight was also associated with a decrease in dolutegravir Log10 AUC0-24 (β=-0.002; p=0.02), with an 8-10% decrease in GM AUC0-24 for every 10kg increase in weight bracket between 40 and 80kg. 

ABCG2 c.421 C>A (rs2231142)
After multivariate analysis, ABCG2 c.421C>A (rs2231142) was independently associated with a 28% increase in dolutegravir Cmax (β=0.053, p=0.047) in the homozygous variant. GM Cmax (95%CI) was 3893 (3774-4240), 4346 (3629-5531) and 4994 (single value) ng/mL in the CC, CA and AA genotype groups, respectively.

NR1I2 c.63396C>T (rs2472677)
NR1I2 c.63396C>T (rs2472677) was associated with higher dolutegravir Log10 Cmax (β=0.032; p=0.033) and higher dolutegravir Log10 AUC0-24, (β= 0.042; p=0.029).  GM Cmax (95% CI) was 3445 (3176-3822), 3938 (3705-4480) and 4278 (3992-4817) ng/mL and GM AUC0-24 (95% CI) was 42750 (38002-52263), 54138 (50998-61344) and 54170 (51019-60413) ng*h/mL in the CC, CT and CC genotype groups, respectively. This represents a 24% increase in Cmax and a 27% increase in AUC0-24 between homozygote groups.

UGT1A1*28 (rs8175347)
The UGT1A1*28 variant allele displayed a recessive allele effect (figure 1) and coding was therefore dichotomized and weighted appropriately (extensive and intermediate metabolisers grouped as a single category coded as 0 and poor metabolisers coded as 2). The UGT1A1*28 poor metaboliser genotype was independently associated with higher dolutegravir Log10 AUC0-24 (β=0.042; p=0.02). GM AUC0-24 (95% CI) were 52639 (47956-57321), 51818 (46866-56771) and 66281 (57162-75401) ng*h/mL for the extensive, intermediate and poor metaboliser genotypes respectively (27% difference between homozygote groups).  When UGT1A1*28 was combined with UGT1A1*6, genotypic scores ≥ three/4 were associated with a 36% increase in AUC0-24 and a 44% increase in Cmin (β=0.041; p=0.023 and β=0.042; p=0.009 respectively). GM AUC0-24 (95%CI) was 48500 (43417-53583) ng*h/mL in participants who scored 0 and 66085 (54917-77253) ng*h/mL in those who scored three/4 (no individual scored four/4) and GM Cmin (95%CI) was 1109 (885-1334) and 1594 (1247-1941) ng/mL respectively. 
 
Composite Scores
· UGT1A1*28 + NR1I2 c.63396C>T 
Participants carrying the homozygous variant alleles for both NR1I2 c.63396C>T (rs2472677) and UGT1A1*28 displayed a statistically significant 79% increase in AUC0-24 (β=0.42; p=0.005). GM AUC0-24 (95% CI) in those who carried the common allele for both genotypes was 42306 (36990-52278) versus 75807 (69714-82166) ng*h/mL in those who carried the variant allele for both. This was the largest effect size seen in this study. Variability in the two groups as reflected by IQR was 41921-47692 and 73180-74542 ng*h/mL. There was also a significant 47% increase in Cmax and a 78% increase in GM Cmin but the latter was not statistically significant (p=0.436). 

· ABCG2 c.421 C>A (rs2231142) and NR1I2 c.63396C>T
When combined into a scoring algorithm, a statistically significant 43% increase in Cmax and a 39% increase in AUC0-24 were seen in participants who scored ≥three/4 relative to participants who scored 0 (β=0.038; p=0.002 and β=0.038; p=0.002 respectively). GM Cmax (95% CI) were 3450 (3102-3799) versus 4924 (3555-6293) ng/mL and GM AUC0-24 (95% CI) were 42768 (35078-50457) versus 59335 (48362-70308) ng*h/mL in the two groups respectively. A genotypic score-dose effect was seen.

Of note, there were no significant differences in genotype distribution for ABCG2, UGT1A1 and NR1I2 between PK sample groups analysed with either HPLC-MS/MS or UPLC. 

Remaining genotypes 
No other clinically significant association was found with the remaining genotypes studied (Table S2)

DISCUSSION

The impact on dolutegravir PK parameters of key common SNPs coding for the four main enzymes and transporters involved in its disposition were investigated.22 For the first time, to the best of our knowledge, these were brought together in a multivariate analysis model, which controlled for important demographic covariates and were combined into scoring algorithms. 

A statistically significant increase in dolutegravir exposure was found in carriers of the UGT1A1*28 (rs8175347) poor metaboliser genotype. Our results are in keeping with findings from the Chen et al. study albeit with a smaller effect size (28% versus 46%).27 Yagura et al. reported an association between the *28 heterozygote status (intermediate metaboliser) and an increase in Cmin but not for the homozygote (poor metabolizer) genotype, which the authors related to a lack of statistical power.16 Contrastingly, our study demonstrated higher dolutegravir PK parameters in the UGT1A1*28 poor metabolisers group and not the intermediate group, consistent with a recessive genotype model. Whilst this may also relate to a potential lack of statistical power, other studies have reported a lack of PK or PD effect in the intermediate metaboliser genotype, with drugs such as irinotecan or raloxifene.44, 45 Of note, the impact of UGT1A1*28 alone on  dolutegravir concentrations seemed modest compared to that seen for raltegravir concentrations, where C12 was 110% higher in individuals carrying the poor metaboliser genotype.46 However, when UGT1A1*28 and NR1I2 c.63396 C>T were combined in this study, a 79% increase in AUC0-24 and a 47% increase in Cmax, were seen in those with a higher score. Additionally, when UGT1A1*28 and UGT1A1*6 were combined, genotypic scores ≥three/4 were associated with a 36% increase in dolutegravir AUC0-24 and a 44% increase in Cmin. Overall, this indicates that genomic biomarkers of dolutegravir plasma exposure may be better based on carefully defined sets of SNPs or scoring algorithms rather than on single SNP characterisation.47, 48

A statistically significant, but moderate, 28% increase in dolutegravir Cmax was found in subjects carrying the ABCG2 c.421C>A (rs2231142) homozygous variant genotype (AA) compared to those homozygous for the common allele (CC).  This therefore confirms, results previously reported by Tsuchiya et al. but in a very different population (75% Caucasian and 17% Black participants (n=76) versus 100% Japanese participants (n=42) respectively).28 The increase in Cmax may reflect a decrease in first pass metabolism, for instance through reduced expression of efflux BRCP transporters in intestinal epithelial cells leading to increased absorption and/or through reduced hepatic clearance.28, 49 Higher exposures to sunitinib, rosuvastatin and atorvastatin have similarly been described in individuals carrying the ABCG2 c.421C>A (rs2231142) variant.50, 51 Interestingly, when ABCG2 c.421C>A was combined with NR1I2 c.63396C>T (rs2472677), participants homozygous for the variant in both genes showed a significant 43% increase in dolutegravir Cmax, once again suggesting a carefully defined set of SNPs may be a more useful genomic biomarker of dolutegravir PK parameters.

The NR1I2 c.63396C>T (rs2472677) variant was independently associated with increases in Cmax (24%) and AUC0-24 (27%).  This is converse to the effects seen with unboosted atazanavir37, 38 and is surprising since the TT genotype is thought to increase expression of the nuclear receptor PXR, which in turn would be expected to result in higher UGT1A1, BCRP and CYP3A4 expression and lower dolutegravir concentrations.33, 52 Therefore, this observation should be interpreted with caution and needs to be confirmed.

There are limitations to this work. The use of pooled data means drug intake conditions, such as time of day, accompanying food and backbone regimen were standardised within but not necessarily across trials. Moreover, a number of studies involved healthy volunteers whilst others investigated HIV infected individuals, though this was included as a covariate in the multivariate analyses. Whilst the majority of studies contributing data were Phase I clinical trials, one study was a Phase III trial (n=17) and only provided dolutegravir trough concentrations rather than intensive PK data, meaning the sample sizes for Cmax/AUC0-24 and for Cmin differed (N=76 and N=93 respectively). Additionally, two different assay methodologies were used for the PK analysis, potentially introducing variability. However, reassuringly, there was no significant difference in genotypic distribution for ABCG2, UGT1A1 and NR1I2 between groups analysed by either method. Findings need to be interpreted in the context of the limited population size and statistical power of this study. Finally, our population was predominantly Caucasian and whilst the genetic associations found were preserved when the analyses were restricted to Caucasians only, we could not conduct any other ethnicity sub-analyses due to the small numbers representing other ethnic groups, therefore clinical findings should be verified further in population-specific studies. 

To date, the literature for the aetiology of NP-AEs remains inconclusive. A number of cohort studies report an increased risk with abacavir co-administration, although this has been refuted in others, as have implications of gender and age.12-19 Borghetti et al. reported a synergy between dolutegravir PK and SLC22A2 variant-mediated neurological susceptibility to NP-AEs.30 Yagura et al. similarly described a Cmin-mediated association between UGT1A1*28 and UGT1A1*6 gene polymorphisms and a higher cumulative incidence of selected NP-AEs.16 Meanwhile, there is a current paradigm shift in the field of HIV pharmacotherapy towards treatment simplification and individualization, applicable to clinically and genetically predefined sub-populations. Therefore, since there is evidence of concentration dependent dolutegravir side effects and dolutegravir is becoming a key player in the global ARV scale up, searching for genomic biomarkers of plasma exposure may help tailor dolutegravir-based HIV therapy at individual and population levels. 

[bookmark: _GoBack]In conclusion, this study showed a pharmacogenetic association between dolutegravir pharmacokinetics and variants in the ABCG2, UGT1A1 and NRI1/2 genes, particularly when combined. Further studies in large and diverse populations are warranted, particularly examining pharmacodynamic endpoints such as NP-AEs, in order to further determine the clinical validity and population impact of pharmacogenetic testing for dolutegravir.53-55
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TABLES AND FIGURES


Table 1: Characteristics of participant population are shown as medians (interquartile range) or count (N), percentage of population (%). PK values are shown as geometric means (GM) (95%CI). CV% = percentage coefficient variation. **Clinical Pharmacogenetics Implementation Consortium (CPIC) classification for UGT1A1 genotype-predicted phenotypic function: extensive metabolizers (*1/*1; *1/*36; *36/*36), intermediate metabolizers (*1/*28; *1/*37; *36/*28; *36/*37; *1/*6) and poor metabolizers (*28/*28; *28/*37; *37/*37; *6/*6) DTG: dolutegravir, ABC: abacavir, 3TC: lamivudine, TDF: tenofovir  disoproxil fumarate, FTC: emtracitabine

Table 2: Significant results from univariate (p<0.2) and multivariate (p<0.5) linear regression analysis per PK parameter

Table S1: Dolutegravir (DTG) pharmacokinetic parameters shown as Geometric Means (GM) (95%CI), summarized by single or combined genotype

Table S2: Univariate and Multivariate regressions – complete analysis. Results in bold = above cut off; ** UGT1A1*28 dichotomised throughout, using a recessive genotypic test model 

Figure 1: Scatter plots showing statistically significant relationships between genotypes and DTG plasma PK parameter




	 
	Total N

	
	93

	
	Median (IQR)

	Age (years)
	51 (36-64)

	Weight (kg)
	77.6 (67-84.4)

	Height (cm)
	173 (168-177)

	ARV Regimen
	N (%)

	· ABC/3TC/DTG
	40 (43)

	· TFV/FTC + DTG
	17 (18)

	· DTG alone
	36 (39)

	Ethnicity
	N (%)

	· Caucasian 
	70 (75)

	· Black
	16 (17)

	· Asian
	3 (3)

	· Mixed race
	1 (1)

	· Other
	3 (3)

	Female gender
	26 (28)

	
	PK parameters GM (95% CI) – IQR

	DTG GM Cmax (ng/mL; N=76)
	3974 (3864 – 4357) – IQR 3462-4611

	DTG GM AUC0-24 (hr*ng/mL, N=76)
	51846 (48607- 55085) – IQR 53190-57191

	DTG GM Cmin (ng/mL, N=93)
	1182 (994 – 1371)) – IQR 873-1612

	DTG GM t1/2 (hrs; N=76)
	13 (12.0- 14.0) – IQR 11.0-15.3

	
	Genotypic frequencies %

	UGT1A1*28 (rs8175347)**
	 Extensive metaboliser 
	Intermediate metaboliser
	Poor metaboliser

	
	46
	43
	11

	UGT1A1*6 c.211G>A (rs4148323)
	Extensive metaboliser
	Intermediate metaboliser
	Poor metaboliser

	
	37
	63
	0

	CYP3A4*22 G>A (rs35599367)
	GG
	GA
	AA

	
	88
	6
	5

	CYP3A5*3 C>T (rs776746)
	CC
	TC
	TT

	
	76
	12
	12

	ABCG2 421 C>A (rs2231142)
	CC
	CA
	AA

	
	82
	17
	1

	ABCG2 34 C>T (rs2231137)
	CC
	CT
	TT

	
	83
	17
	0

	NR1I2 63396 C>T (rs2472677)
	CC
	CT
	TT

	
	17
	42
	41

	NR1I2 44477 T>C (rs1523130)
	TT
	CT
	CC

	
	19
	39
	42



Table 1: Characteristics of participant population are shown as medians (interquartile range) or count (N), percentage of population (%). PK values are shown as geometric means (GM) (95%CI). CV% = percentage coefficient variation 
**Clinical Pharmacogenetics Implementation Consortium (CPIC) classification for UGT1A1 genotype-predicted phenotypic function: extensive metabolizers (*1/*1; *1/*36; *36/*36), intermediate metabolizers (*1/*28; *1/*37; *36/*28; *36/*37; *1/*6) and poor metabolizers (*28/*28; *28/*37; *37/*37; *6/*6). DTG: dolutegravir, ABC: abacavir, 3TC: lamivudine, TDF: tenofovir  disoproxil fumarate, FTC: emtracitabine

	Log10 Cmax (N=93)
	Univariate Linear Regressions
	Multivariate Linear Regressions

	
	P value
	β value (95% CI)
	r2
	P value
	β value (95% CI)
	r2

	Log10Height (Log10cm)
	0.008
	-1.716
	0.092
	0.012
	-1.649
	0.394

	Weight (kg)
	0.000
	-0.004
	0.175
	0.009
	-0.003
	0.394

	Accompanying Drug
	0.019
	0.061
	0.072
	0.001
	0.074
	0.394

	UGT1A1*6 (rs4148323)
	0.091
	-0.044
	0.038
	0.355
	0.039
	0.402

	ABCG2 c.421C>A (rs2231142)
	0.111
	0.050
	0.034
	0.047
	0.053
	0.394

	NR1I2 c.63396C>T (rs2472677)
	0.010
	0.045
	0.086
	0.033
	0.032
	0.394

	Combined NRI1I2 and UGT1A1*28 scores
	0.030
	0.029
	0.071
	0.023
	0.026
	0.311

	Combined ABCG2 and NRI1I2 scores
	0.011
	0.057
	0.291
	0.005
	0.054
	0.377

	Log10 Cmin (N=76)
	Univariate Linear Regressions
	Multivariate Linear Regressions

	
	P value
	β value (95% CI)
	r2
	P value
	β value (95% CI)
	r2

	Log10 Age (Log10years)
	0.125
	-0.236
	0.026
	0.029
	-0.310
	0.104

	Accompanying drug
	0.008
	0.084
	0.076
	0.114
	0.048
	0.133

	UGT1A1*28 (rs8175347)**
	0.045
	0.070
	0.049
	0.083
	0.059
	0.140

	Combined UGT1A1*6 and *28 scores
	0.009
	0.067
	0.082
	0.009
	0.067
	0.082

	AUC0-24 (N=93)
	Univariate Linear Regressions
	Multivariate Linear Regressions

	
	P value
	β value (95% CI)
	r2
	P value
	β value (95% CI)
	r2

	Log10Height (Log10cm)
	0.011
	-1.866
	0.066
	0.323
	-0.871
	0.282

	Weight (kg)
	0.017
	0.003
	0.075
	0.03
	-0.002
	0.228

	Ethnicity
	0.044
	0.036
	0.054
	0.143
	0.025
	0.256

	CYP3A4*22 (rs35599367)
	0.059
	0.053
	0.047
	0.295
	0.027
	0.270

	CYP3A5*3 (rs776746)
	0.097
	-0.034
	0.037
	0.033
	-0.040
	0.228

	NR1I2 c.63396C>T (rs2472677)
	0.033
	0.043
	0.060
	0.029
	0.042
	0.228

	UGT1A1*28 (rs8175347)**
	0.020
	0.058
	0.060
	0.020
	0.116
	0.228

	Combined UGT1A1*6 and *28 scores
	0.075
	0.046
	0.048
	0.041
	0.050
	0.231

	Combined UGT1A1*28 and NRI1I2 c.63396C>T scores
	0.011
	0.039
	0.095
	0.002
	0.048
	0.025

	t1/2 (N=93)
	Univariate Linear Regressions
	Multivariate Linear Regressions

	
	P value
	β value (95% CI)
	r2
	P value
	β value (95% CI)
	r2

	Ethnicity
	0.057
	0.031
	0.058
	
	
	



Table 2: Significant results from univariate (p<0.2) and multivariate (p<0.5) linear regression analysis per PK parameter (significant SNP associations are boxed in bold. **Clinical Pharmacogenetics Implementation Consortium (CPIC) classification for UGT1A1 genotype-predicted phenotypic function: extensive metabolizers (*1/*1; *1/*36; *36/*36), intermediate metabolizers (*1/*28; *1/*37; *36/*28; *36/*37; *1/*6) and poor metabolizers (*28/*28; *28/*37; *37/*37; *6/*6).
[image: ]This figure appears in colour in the online version of JAC and in black and white in the printed version of JAC
Figure 1: Scatter plots showing statistically significant genotypes. DTG plasma PK data (geometric mean) are plotted by genotype groups for each SNP.  
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