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Abstract 51 

Introduction: Dolutegravir increases serum creatinine by inhibiting renal secretion of 52 

creatinine, potentially resulting in inappropriate regimen switches. We investigated 53 

determinants of early changes in serum creatinine in a Southern African cohort starting 54 

dolutegravir-based antiretroviral therapy. 55 

Methods: We conducted a secondary analysis of data from participants in a 56 

randomised controlled trial of dolutegravir with tenofovir disoproxil fumarate (TDF) or 57 

tenofovir alafenamide fumarate (TAF) plus emtricitabine (ADVANCE, NCT03122262). 58 

We assessed clinical, pharmacokinetic, and genetic factors associated with the 59 

change in serum creatinine from baseline to week 4 using linear regression adjusting 60 

for age, sex, baseline serum creatinine, HIV-1 RNA viral load, CD4 T-cell count, total 61 

body weight, and co-trimoxazole use. 62 

Results: We included 689 participants, of whom 470 had pharmacokinetic data and 63 

315 had genetic data. Mean change in serum creatinine was 11.3 µmol.L-1. 64 

Dolutegravir area under the 24-hour concentration-time curve (change in creatinine 65 

regression coefficient [β] = 2.78 [95% confidence interval 0.54, 5.01]) and male sex (β 66 

= 5.20 [2.92, 7.48]) were associated with an increased change in serum creatinine at 67 

week 4, while higher baseline serum creatinine (β = -0.22 [-0.31, -0.12]), use of TAF 68 

(β = -2.30 [-4.06, -0.53]) and Uridine glucuronosyltransferase 1A1 (UGT1A1) 69 

polymorphism rs929596 (β = -2.33 [-4.49, -0.17]; not significant after adjustment for 70 

multiple comparisons) were associated with a decreased change in serum creatinine. 71 

Conclusion: We identified clinical and pharmacokinetic determinants of change in 72 

serum creatinine in participants starting a dolutegravir-based regimen. UGT1A1 73 

polymorphisms may play a role, but further research on genetic determinants is 74 

needed. 75 

76 
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What is already known about this subject:  148 

• Dolutegravir increases serum creatinine due to the inhibition of renal transporters 149 

such as organic cation transporter 2 and multidrug and toxin extrusion protein 1.  150 

• Clinical, pharmacological, and genetic determinants of dolutegravir mediated 151 

increases in serum creatinine are not well characterized. 152 

 153 

What this study adds: 154 

• Increased dolutegravir exposure, male sex, lower baseline creatinine, and TDF 155 

use were associated with increased serum creatinine change in participants on 156 

dolutegravir. 157 

• UGT1A1 polymorphisms may affect the magnitude of creatinine change. 158 

• Investigation may be considered for those with creatinine changes ≥30 µmol.L-1 159 

more than 4 weeks after treatment initiation. 160 

  161 
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Introduction 162 

Dolutegravir increases serum creatinine by an average of 10-15%. This typically 163 

occurs within the first week of treatment initiation and plateaus by the fourth week.1-3 164 

This does not reflect nephrotoxicity; rather, it is due to the inhibition of renal tubular 165 

cell transporters that facilitate creatinine elimination by dolutegravir, including organic 166 

cation transporter 2 (OCT2), multidrug and toxin extrusion transporter 1 (MATE1), and 167 

multidrug and toxin extrusion transporter 2-K (MATE2-K).1, 4, 5 There is considerable 168 

interindividual variability in the change in serum creatinine after starting dolutegravir – 169 

in the ADVANCE trial, the median change in creatinine at week 48 was 12 µmol.L-1 170 

with an interquartile range (IQR) of -29 µmol.L-1 to 39 µmol.L-1.6  This variability may 171 

be due to multiple factors including concomitant medications, improvement of HIV-172 

associated nephropathy by antiretroviral therapy (ART), intercurrent illness, or genetic 173 

factors including those that affect plasma dolutegravir exposure and renal tubular cell 174 

transporter function.7 Individuals who experience greater increases in serum 175 

creatinine may unnecessarily change their antiretroviral regimen, particularly when 176 

tenofovir is co-administered.8 177 

Dolutegravir is primarily metabolized in the liver by uridine 5'-diphospho-178 

glucuronosyltransferase 1A1 (UGT1A1)9, and frequent UGT1A1 variants are 179 

associated with increased dolutegravir exposure. In a Southern African population, 180 

UGT1A1 single nucleotide polymorphisms (SNPs) rs887829 and rs28899168 were 181 

associated with increased plasma dolutegravir exposure.10
 A moderate exposure-182 

response relationship has been reported between dolutegravir and change in 183 

creatinine clearance over time.2 It is possible to suggest that UGT1A1 genetic variants 184 

that affect dolutegravir exposure could explain some of the variability in changes in 185 

creatinine with dolutegravir. Rs316019, a non-synonymous polymorphism in SLC22A2 186 

that encodes OCT2 has been associated with reduced creatinine secretion.11, 12 187 

Additional transporters MATE1 and MATE2-K are encoded by SLC47A1 and 188 

SLC47A2, respectively, and are also involved in creatinine excretion.13, 14 While few 189 

studies have assessed the role of MATE transporter polymorphisms and dolutegravir 190 

pharmacokinetics/pharmacodynamics, a MATE1 polymorphism (rs2252281) was 191 

associated with an enhanced response to metformin in a study of patients with 192 
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diabetes.15 It is therefore important to understand the role of these genetic variants on 193 

substrate transport. 194 

Populations of African ancestry have greater genetic diversity than other ancestral 195 

groups. Most pharmacogenetic studies to date have been conducted in non-African 196 

populations, and novel genetic variants that affect treatment responses may be found 197 

in African populations.16, 17 The present study aimed to identify associations between 198 

dolutegravir exposure, selected genetic polymorphisms, and early changes in serum 199 

creatinine concentrations in a Southern African cohort of treatment-naive people with 200 

HIV (PWH) who initiated dolutegravir-containing ART. 201 

Methods 202 

Study population 203 

We conducted a secondary analysis of clinical, laboratory, pharmacokinetic, and 204 

genetic data collected from the ADVANCE clinical trial (Clinicaltrials.gov trial identifier: 205 

NCT03122262). ADVANCE was a phase 3, single-centre, open-label, non-inferiority, 206 

clinical trial conducted in Johannesburg, South Africa, in which treatment naïve PWH 207 

were randomly assigned to one of 3 treatment arms: 1) tenofovir disoproxil fumarate 208 

(TDF), emtricitabine, and dolutegravir; 2) tenofovir alafenamide fumarate (TAF), 209 

emtricitabine, and dolutegravir; or 3) TDF, emtricitabine, and efavirenz.6 The present 210 

analysis included ADVANCE participants that 1) were assigned to dolutegravir-211 

containing arms, and 2) had available serum creatinine measurements from baseline 212 

(defined as the period between study entry and treatment initiation) and week 4 after 213 

starting therapy. 214 

Pharmacokinetic sampling 215 

Pharmacokinetic samples were collected from a subgroup of participants who 216 

provided informed consent. A subset of participants (N = 41) were invited to enrol in 217 

an intensive pharmacokinetic sub-study after 96 weeks, and were sampled pre-dose, 218 

and at 1, 2, 4, 6, 8, as well as 24 hours post dose. The samples were stored at -80°C 219 

until analysis. 220 

 221 



10 
 

Pharmacokinetic analysis and modelling 222 

Plasma dolutegravir concentrations were measured by liquid chromatography with 223 

mass tandem spectrometry detection using an AB SCIEX API 4000 instrument in the 224 

Division of Clinical Pharmacology at the University of Cape Town, as described 225 

elsewhere.10 A population pharmacokinetic model was developed from the intensively 226 

sampled cohort using non-linear mixed-effects modelling. Individual, 24-hour 227 

dolutegravir area under the concentration-time curve (AUC0-24h) values were estimated 228 

from sparse samples collected from the other ADVANCE participants using a post-hoc 229 

Bayesian estimation method that accounted for participant characteristics. Details are 230 

described elsewhere.10 231 

Genotyping and quality control 232 

Whole blood samples were obtained from participants who consented to genetic 233 

testing. DNA was extracted from whole blood using a simple salting out procedure. 234 

Genotyping for this project was conducted using the Illumina Infinium Multi-Ethnic 235 

Global BeadChip (MEGAEX) at Vanderbilt Technologies for Advanced Genomics 236 

(VANTAGE), and quality control was performed as described elsewhere.10  237 

For the genetic association analyses, we a priori selected 39 polymorphisms in 238 

UGT1A1 (rs1042640, rs10929302, rs11891311, rs12474441, rs28946889, 239 

rs3755319, rs3771341, rs4148324, rs4148325, rs6431630, rs6742078, rs8330, 240 

rs887829, rs929596); SLC22A2 (encoding OCT-2; rs12207180, rs2279463, 241 

rs28495851, rs3101823, rs3119304, rs3119311, rs3127573, rs3127575, rs316009, 242 

rs316019, rs316020, rs476235, rs515140, rs596881, rs77648599, rs79370442); and 243 

SLC47A1 (encoding MATE-1; rs11871125, rs12451696, rs2018675, rs2440164, 244 

rs2440165, rs2453580, rs2453583, rs2453584, rs894680). These polymorphisms 245 

were selected based on previously reported associations with renal traits in the GWAS 246 

catalogue18 with p-values <5.0x10-8, as well as polymorphisms associated with drug-247 

related phenotypes in the Pharmacogenomics Knowledgebase (PharmGKB)19 with 248 

levels of evidence of 1 or 2A. 249 

Three polymorphisms were excluded during the quality control process as their minor 250 

allele frequencies (MAFs) were less than the required threshold (5%), leaving 36 251 
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polymorphisms (12 UGT1A1, 15 SLC22A2, 9 SLC47A1) among 315 participants that 252 

were available for analysis. MAFs are reported in Table S1. 253 

Statistical and genetic association analyses 254 

The primary outcome was a change in serum creatinine from baseline to week 4. Study 255 

baseline characteristics and changes in serum creatinine were summarized with 256 

descriptive statistics. Data distributions were assessed by visual inspection of 257 

distribution patterns with histograms, quantile-quantile plots, and the Shapiro-Wilk 258 

test. Continuous, non-parametric data were log-transformed. Univariable and 259 

multivariable linear regression models were developed to assess relationships 260 

between change in serum creatinine and various factors in three separate analyses. 261 

First, in a clinical association analysis, we assessed relationships between change in 262 

serum creatinine and the following clinical and laboratory variables: age, sex, and 263 

serum creatinine at baseline, allocation to the TDF or TAF treatment group (with TDF 264 

as variable reference), baseline CD4 T-cell count, baseline HIV-1 RNA viral load, 265 

baseline total body weight, and co-trimoxazole use (co-trimoxazole is also known to 266 

inhibit tubular secretion of creatinine4) during the first 4 weeks of treatment. Second, 267 

in the pharmacokinetic association analysis, we assessed relationships between 268 

change in serum creatinine at week 4 and dolutegravir AUC0-24h while adjusting for the 269 

clinical covariates noted above. Third, in the genetic association analysis, we 270 

assessed relationships between change in serum creatinine at week 4 and a priori 271 

selected genetic polymorphisms. Multivariable linear regression models were used to 272 

explore potential relationships between genetic polymorphisms and change in serum 273 

creatinine at week 4, using additive, dominant, and recessive assumptions of allelic 274 

effects. To adjust for population stratification, we included principal components that 275 

were derived as described elsewhere.20  The first two principal components were 276 

included as these accounted for a substantial proportion of variability. The above-277 

mentioned clinical covariates were also included in genetic association analyses. To 278 

exclude the potential additive influence of dolutegravir exposure on relationships 279 

between genetic polymorphisms and change in creatinine, we conducted sensitivity 280 

analyses by including dolutegravir AUC0-24h in genetic regression models examining 281 

polymorphisms in SLC22A2 and SLC47A1. 282 



12 
 

To further assess potential relationships between polymorphisms in UGT1A1, 283 

SLC22A2 and SLC47A1 and change in creatinine, we considered linkage 284 

disequilibrium (LD). Polymorphisms with R-squared (R2) coefficients greater than 0.8 285 

were excluded from sensitivity analyses. LD and statistical significance of associations 286 

between change in creatinine and examined polymorphisms were illustrated with 287 

heatmaps and scatter plots of negative, log-transformed p-values obtained from the 288 

linear regression models, respectively. 289 

Thresholds for statistical significance in the genetic association analyses were 290 

adjusted using the Bonferroni method by dividing the overall threshold of 0.05 by the 291 

number of polymorphisms included in the analyses. Statistical and genetic analyses 292 

were conducted in STATA 16 IC21, R Studio22, and PLINK v1.9023 software. 293 

Results 294 

The two dolutegravir arms of ADVANCE enrolled 702 participants in total, of whom 295 

689 were included in the clinical association analysis after excluding 13 participants 296 

who lacked serum creatinine concentration data from week 4. Of the 689 participants 297 

evaluable for the clinical association analysis, 470 were included in the 298 

pharmacokinetic association analysis after excluding 219 participants who did not 299 

undergo pharmacokinetic sampling. Similarly, 315 of the 689 participants evaluable 300 

for clinical variables were included in the genetic association analysis after excluding 301 

362 participants who did not provide consent for genetic testing, and 12 that failed 302 

genetic data quality checks. Participant characteristics at study entry are shown in 303 

Table 1. 304 

Analysis of clinical variables 305 

At week 4, the mean change in serum creatinine was 11.3 µmol.L-1 (95% confidence 306 

interval 10.5, 12.0), as indicated in Table 2. The mean change in serum creatinine 307 

was similar among participants in the TDF/DTG treatment group (12.1 µmol.L-1; 95% 308 

CI 11.0, 13.2) and the TAF/DTG arm (10.4 µmol.L-1; 95% CI 9.4, 11.4). These changes 309 

corresponded to a relative mean percent change in serum creatinine of 19% overall, 310 

20% in the TDF/DTG group, and 17% in the TAF/DTG group. Substantial variability 311 
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was noted in the change in serum creatinine as evidenced by an IQR of -14 to 45 312 

µmol.L-1 (absolute range = -25 to 67). 313 

Univariable and multivariable linear regressions of change in serum creatinine at week 314 

4 are shown in Table 3. In the multivariable analysis, male sex (p<0.001) was 315 

independently associated with an increased change in serum creatinine, while higher 316 

baseline serum creatinine (p<0.001) and TAF use (p = 0.008) were independently 317 

associated with a decreased change in serum creatinine. 318 

Pharmacokinetic analyses 319 

Univariable and multivariable linear regression showed that higher dolutegravir AUC0-320 

24h values were independently associated with an increased change in serum 321 

creatinine at week 4 (Table 4). The relationship between dolutegravir AUC0-24h and 322 

change in serum creatinine is presented in Figure 1. The multivariable analysis also 323 

found an independent association between male sex and an increased change in 324 

serum creatinine, while a higher baseline serum creatinine and TAF use were 325 

independently associated with a decreased change in serum creatinine. 326 

Genetic analysis 327 

Of the 36 evaluable polymorphisms, none were associated with change in serum 328 

creatinine when analysed using additive (Figure 2) or recessive models (Figure S1, 329 

Table S1). Using a dominant model, rs929596 A>G from the UGT1A1 locus was 330 

nominally associated with change in serum creatinine, but this association was not 331 

significant after adjusting for multiple comparisons (Figure S2, Table S2). In contrast 332 

to the clinical and pharmacokinetic analyses, increasing age (p = 0.007) and baseline 333 

CD4 T-cell count (p = 0.039) were associated with an increased change in serum 334 

creatinine. Other covariates associated with change in serum creatinine in the model 335 

assessing UGT1A1 rs929596 A>G were baseline serum creatinine, male sex, and the 336 

use of TAF, in keeping with the clinical and pharmacokinetic analyses. The average 337 

change in serum creatinine, when stratified by UGT1A1 rs929596 genotype, was 12.5 338 

µmol.L-1, 9.5 µmol.L-1, and 12.4 µmol.L-1 for the A/A (major homozygous), A/G 339 

(heterozygous), and G/G (minor homozygous) genotypes, respectively (Figure 3). 340 
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We conducted 2 sensitivity analyses: 1) We included dolutegravir AUC0-24h as an 341 

additional covariate in models evaluating SLC22A2 and SLC47A1 polymorphisms 342 

(282 participants; Table S3), and 2) we excluded polymorphisms in high LD > 0.8 (13 343 

polymorphisms; Figure S3-Figure S5). The results from these analyses were similar 344 

to those from the main analyses. 345 

Discussion 346 

This study found that mean serum creatinine increased by 11 µmol.L-1 from baseline 347 

to week 4 in participants treated with dolutegravir containing ART. Additionally, higher 348 

dolutegravir exposure and male sex were independently associated with an increased 349 

change in serum creatinine, while higher baseline serum creatinine and use of TAF 350 

were associated with a reduced change in serum creatinine. These findings 351 

emphasize the importance of monitoring renal function and suggest that patients with 352 

these characteristics may be at increased risk of changes in serum creatinine requiring 353 

closer attention. 354 

The early increase in serum creatinine in our participants after dolutegravir initiation is 355 

similar to observations from other trials.1, 24, 25 A phase I, placebo-controlled study that 356 

included healthy participants who were treated with 50 mg of dolutegravir given once 357 

or twice daily for two weeks, found a 10% and 14% decrease in creatinine clearance 358 

respectively by the end of the 2 week period.1 Similarly, a phase IIb dose-ranging study 359 

that included treatment-naïve adults found that dolutegravir 50 mg once daily was 360 

associated with a mean increase in serum creatinine of 12.2 mmol.L-1 after one week 361 

of therapy that persisted over the course of the trial.26 Importantly, these studies did 362 

not find evidence of nephrotoxicity associated with these changes in creatinine. The 363 

large variability observed in this analysis and previous studies confirm that clinicians 364 

can expect that most patients will experience modest increases in serum creatinine on 365 

dolutegravir, however, some patients may experience relatively higher increases in 366 

serum creatinine that are not necessarily indicative of impaired renal function.  367 

Our finding that TAF use was associated with a reduced change in serum creatinine 368 

when compared with TDF is in keeping with its reduced nephrotoxic profile. 369 

Interestingly, this difference occurred early, within the first 4 weeks of treatment. A 370 
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single-arm study of PWH that were switched from a previous TDF-containing ART 371 

regimen to a regimen of elvitegravir, emtricitabine, cobicistat, and TAF, observed 372 

increases in creatinine-estimated glomerular filtration in as little as 4 weeks.27 This 373 

observation is not limited to PWH: HIV-negative participants that were randomised to 374 

receive pre-exposure prophylaxis in the form of daily TDF/emtricitabine also 375 

experienced a greater decline in estimated glomerular filtration and increased 376 

proteinuria as early as 4 weeks after treatment initiation, when compared with those 377 

treated with TAF/emtricitabine.28 These early changes in creatinine are likely mediated 378 

by an inhibitory process of creatinine elimination.29 Tenofovir is a substrate of 379 

additional renal transporters that facilitate creatinine clearance such as organic anion 380 

transporters 1 and 3 (located on the basolateral membrane), and multidrug resistance 381 

protein transporter 4 (located on the luminal membrane), while TAF is not a significant 382 

substrate of these transporters.30, 31 TDF also increases plasma tenofovir exposure by 383 

90% compared to TAF.32 Competitive inhibition of these transporters by tenofovir is 384 

the probable mechanism of reduced creatinine clearance, as opposed to altered 385 

glomerular filtration during this short period of observation in our study.33 This 386 

interaction is likely compounded by the relatively high tenofovir exposure associated 387 

with TDF compared to TAF.  388 

The pharmacokinetic analysis in this study confirmed that dolutegravir exposure is 389 

associated with modest changes in serum creatinine that occur early after the initiation 390 

of ART. Few studies have assessed this exposure-response relationship, and to our 391 

knowledge, this is the largest study to date to evaluate pharmacokinetic-392 

pharmacodynamic associations between dolutegravir exposure and early changes in 393 

creatinine. As inhibitors of OCT-2, patients with factors resulting in increased 394 

dolutegravir concentrations are more likely to experience higher changes in serum 395 

creatinine. While the small changes seen here are unlikely to impact clinical care for 396 

most of the population, a subset of people remains at risk of further declines in renal 397 

function due to other causes. Patients exhibiting persistently rising trends in serum 398 

creatinine after 4 weeks should be evaluated further for other potential causes of renal 399 

dysfunction. 400 

We found a possible association between change in serum creatinine and UGT1A1 401 

rs929596 A>G polymorphism when dominant allelic effects were assumed. Patients 402 
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with the A/A genotype for this SNP showed an increased change in creatinine levels 403 

in comparison to those with an A/G or G/G genotype. While this was not significant 404 

after adjusting for multiple comparisons, it lends support to the idea that UGT1A1 405 

polymorphisms may contribute to the variability in serum creatinine changes due to 406 

elevated dolutegravir concentrations. This polymorphism has been associated with 407 

increased bilirubin concentrations, likely due to reduced glucuronidation activity of 408 

variant UGT1A1 enzymes compared to those encoded by the common genotype.34 A 409 

recent genome-wide association study found that the UGT1A1 polymorphism 410 

rs887829 was also associated with a decrease in dolutegravir clearance, with the 411 

homozygous minor allele carriers exhibiting a 26% reduction in dolutegravir clearance 412 

compared to those homozygous for the major allele.10 Rs929596 and rs887829 have 413 

been mapped to a UGT1A cluster located on chromosome 2 that houses multiple 414 

protein-coding, and non-encoding, genes.34 These polymorphisms were in moderate 415 

LD in this population (r2 = 0.75), which suggests that their effects may not be entirely 416 

independent. However, it is plausible that each polymorphism may also have 417 

independent, additive effects on creatinine clearance. By contrast, we did not find any 418 

significant associations between change in serum creatinine and the genetic variants 419 

of SLC22A2 or SLC47A1. Prior studies have reported relationships between SLC22A2 420 

variants and the risk of neuropsychiatric adverse effects of dolutegravir, while 421 

SLC47A1 variants have been linked to enhanced metformin responses in patients with 422 

diabetes. The lack of association in our study could be attributed to several factors 423 

including small effect sizes requiring larger samples, or the absence of polymorphisms 424 

in the population that influence renal transporter function.15, 35 425 

It has been suggested that creatinine increases due to dolutegravir are unlikely to 426 

exceed 20 µmol.L-1 and that greater increases should prompt consideration for 427 

alternative causes.36, 37 However, 20% of our participants on TDF and dolutegravir had 428 

serum creatinine increases higher than this. We propose that a higher threshold of 30 429 

µmol.L-1 should be considered, based on the addition of 1.96 standard deviations from 430 

the mean to guide the need for further diagnostic investigations. Alternatively, methods 431 

to assess renal function using other, freely filtered endogenous markers such as 432 

cystatin C, should be considered for patients on dolutegravir as they are not dependent 433 

on OCT-2 transport and are therefore less susceptible to dolutegravir’s effects on 434 

creatinine elimination.38, 39. 435 
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Our study has limitations. First, this was a secondary data analysis, therefore, we did 436 

not perform sample size estimations. As we used a convenience sampling strategy, 437 

only some participants had DNA extracted; the sample size may therefore have been 438 

inadequate to detect small, or uncommon, genetic associations. Secondly, 439 

administration of the dolutegravir dose before sparse pharmacokinetic sampling was 440 

not observed and therefore, may not have been a reliable estimate of exposure. In 441 

addition, the estimation of dolutegravir exposure was based on sparse samples 442 

obtained at 48 or 96 weeks, which may not adequately reflect exposure at the 4-week 443 

time point. 444 

In conclusion, we identified clinical and pharmacokinetic determinants of early 445 

changes in creatinine in Southern Africans initiated on dolutegravir-containing ART. 446 

UGT1A1 polymorphisms may play a role, but further research is needed. A higher 447 

threshold of change in creatinine to alert the clinician of the potential further 448 

investigations may be needed. We suggest that studies assessing the feasibility of 449 

renal function estimation using other endogenous substrates besides creatinine in 450 

patients on dolutegravir should be conducted. In addition, investigations examining 451 

gene-environment and SNP-SNP interactions may provide additional insight into the 452 

risk of changes in creatinine concentrations in the presence of multiple 453 

polymorphisms. 454 
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Tables and Figures 641 

Table 1. Study baseline characteristics of ADVANCE participants included in 642 

association analyses of clinical, pharmacokinetic, and genetic variables 643 

Variables Clinical 
(n=689) 

Pharmacokinetic 
(n=470) 

Genetic 
(n=315) 

Age (years)† 32 (8) 33 (8) 32 (8) 

Sex 
   

  Female 414 (60%) 280 (60%) 199 (63%) 

  Male 275 (40%) 190 (40%) 116 (37%) 

Treatment group 
   

  TDF 344 (50%) 234 (50%) 155 (49%) 

  TAF 345 (50%) 236 (50%) 160 (51%) 

Total body weight (kg)† 69 (14) 69 (14) 68 (14) 

Serum creatinine (µmol.L-1) † 65 (14) 65 (14) 64 (13) 

log10 HIV-1 RNA viral load (cp.ml-1)* 4.4 (3.8, 4.9) 4.4 (3.8, 4.9) 4.4 (3.8, 4.9) 

CD4 T-cell count (cells.mm-3)* 292 (170, 457) 282 (170, 444) 292 (163, 459) 

Concomitant co-trimoxazole     

  No 573 (83%) 384 (82%) 265 (84%) 

  Yes 116 (17%) 86 (18%) 50 (16%) 
Note: Continuous variables are presented as means† and standard deviations† or medians* and 
interquartile ranges* 

 644 

Table 2. Summary of absolute and relative percent change in creatinine 645 

(µmol.L-1) at week 4 in participants initiated on dolutegravir-containing 646 

antiretroviral therapy from the analysis of clinical variables, stratified by 647 

tenofovir treatment group 648 

Treatment 

groups 

Sample 

size 

Mean (%) Mean 95% CI Min (%) Max (%) SD 

TDF 344 12.1 (20%) 11.0, 13.2 -25.0 (-20%) 67.0 (120%) 10.4 

TAF 345 10.4 (17%) 9.4, 11.4 -17.0 (-24%) 51.0 (160%) 9.4 
    

 
  

Overall 689 11.3 (19%) 10.5, 12.0 -25.0 (-20%) 67.0 (120%) 9.9 

Note: Relative percent change from baseline reported in brackets.  

TDF = Tenofovir disoproxil fumarate; TAF = Tenofovir alafenamide fumarate; 95% CI = 95% 
confidence intervals; SD = Standard deviation 

 649 

  650 
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Table 3. Univariable and multivariable linear regression models of associations 651 

of clinical variables with change in serum creatinine from baseline to week 4 652 

on dolutegravir 653 
 

Univariable regression Multivariable regression 

Variables Beta (95% CI) P-valuea Beta (95% CI) P-valuea 

Age (years) -0.09 (-0.15, -0.03) 0.003 0.08 (-0.02, 0.18) 0.113 

Male sex 

(ref = female) 

0.06 (-0.04, 0.16) 0.254 4.37 (2.43, 6.31) <0.001 

TAF (ref = TDF) 1.05 (-0.50, 2.60) 0.185 -1.96 (-3.40, -0.52) 0.008 

Baseline serum 

creatinine (µmol.L-1) 

-1.74 (-3.22, -0.26) 0.022 -0.20 (-0.27, -0.12) <0.001 

log10 HIV-1 RNA viral 

load (cp.ml-1) 

0.81 (-0.26, 1.87) 0.138 0.33 (-0.83, 1.50) 0.576 

ln T-cell CD4 count 

(cells.mm-3) 

-0.55 (-1.40, 0.31) 0.209 0.07 (-0.94, 1.08) 0.895 

Concomitant co-

trimoxazole (ref = no) 

1.64 (-0.61, 3.89) 0.152 0.77 (-1.76, 3.30) 0.549 

Total body weight (kg) -0.01 (-0.07, 0.04) 0.629 0.01 (-0.05, 0.07) 0.690 

Note: A negative regression beta value (coefficient) indicates a decrease in change in creatinine per 

unit increase in variable value.  

TDF = Tenofovir disoproxil fumarate; TAF = Tenofovir alafenamide fumarate; ln = Natural log; Ref = 

Reference variable value. 

aP-values calculated with Student’s t-tests. 

Variables included in the multivariable regression: Age, sex, TAF use, baseline serum creatinine, 

log10 HIV-1 RNA count, ln T-cell CD4 count, concomitant co-trimoxazole use, and total body weight. 

 654 
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Table 4. Univariable and multivariable linear regression models from the 656 

pharmacokinetic association analysis assessing the association between 657 

dolutegravir AUC0-24h and change in serum creatinine from baseline to week 4 658 
 

Univariable regression Multivariable regression 

Variables Beta (95% CI) P-valuea Beta (95% CI) P-valuea 

ln Dolutegravir 

 AUC0-24h (mg.h.L-1) 

2.56 (0.33, 4.80) 0.025 2.78 (0.54, 5.01) 0.015 

Age (years) -0.10 (-0.18, -0.02) 0.018 0.11 (-0.01, 0.24) 0.080 

Male sex 

(ref = female) 

0.06 (-0.07, 0.19) 0.370 5.20 (2.92, 7.48) <0.001 

TAF (ref = TDF) 1.39 (-0.51, 3.29) 0.151 -2.30 (-4.06, -0.53) 0.011 

Baseline serum 

creatinine (µmol.L-1) 

-2.26 (-4.06, -0.47) 0.014 -0.22 (-0.31, -0.12) <0.001 

log
10

 HIV-1 RNA viral 

load (cp.ml-1) 

0.24 (-1.02, 1.50) 0.712 -0.38 (-1.73, 0.97) 0.579 

ln CD4 T-cell count 

(cells.mm-3) 

-0.39 (-1.40, 0.62) 0.446 -0.08 (-1.29, 1.13) 0.899 

Concomitant co-

trimoxazole (ref = no) 

1.39 (-1.26, 4.04) 0.304 0.82 (-2.07, 3.71) 0.578 

Total body weight (kg) -0.05 (-0.10, 0.01) 0.093 -0.01 (-0.08, 0.05) 0.682 

Note: A negative regression beta value (coefficient) indicates a decrease in change in creatinine per 

unit increase in variable value.  

TDF = Tenofovir disoproxil fumarate; TAF = Tenofovir alafenamide fumarate; ln = Natural log; Ref = 

Reference variable value. 

aP-values calculated with Student’s t-tests. 

Variables included in the multivariable regression: ln Dolutegravir AUC0-24h, Age, sex, TAF use, 

baseline serum creatinine, log10 HIV-1 RNA count, ln T-cell CD4 count, concomitant co-trimoxazole 

use, and total body weight. 
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 660 

Figure 1. Observed and predicted values of change in serum creatinine plotted 661 

against incremental dolutegravir AUC0-24h values 662 

The scatter plot graph illustrates the predicted values of change in serum creatinine, calculated using 663 
estimated marginal means based on a multivariable regression model from the pharmacokinetic 664 
association analysis. This involved incrementally increasing the estimated dolutegravir AUC0-24h 665 
values within the range of dolutegravir exposure estimates while keeping the other variables, namely 666 
age, sex, baseline serum creatinine, tenofovir treatment group (TDF or TAF use), HIV-1 RNA viral 667 
load, CD4 T-cell count, total body weight, and concomitant co-trimoxazole use, constant at their 668 
means. These predicted values were represented by a continuous line on the scatter plot, while the 669 
observed values were represented by circles. The p-value, determined through a Student t-test, 670 
indicated the statistical significance of the estimated dolutegravir AUC0-24h in the multivariable 671 
regression model. 672 
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 674 

Figure 2. Linkage disequilibrium and significance of polymorphism 675 

associations within the UGT1A1, SLC22A2, and SLC47A1 genes from the 676 

additive regression models of genetic association analyses 677 

The white-red colour gradient in this heatmap illustrates the pairwise linkage disequilibrium (LD) 678 
measured by R2, with red colour intensity indicating higher LD. Statistical significance of 679 
polymorphisms in the additive, multivariable regression models from the genetic association analyses 680 
are shown in the dot plot using negative log transformed p-values as determined by Student t-tests. 681 
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 683 

Figure 3. Observed change in serum creatinine at week 4 by rs929596 (UGT1A1), 684 

rs887829 (UGT1A1), and rs316019 (SLC22A2) genotypes in participants initiated 685 

on dolutegravir-containing antiretroviral therapy 686 

 A jitter plot of the observed change in serum creatinine at week 4 by rs929596 (UGT1A1), rs887829 687 
(UGT1A1), and rs316019 (SLC22A2) genotypes in participants initiated on dolutegravir-containing 688 
antiretroviral therapy is shown. The plot displays the impact of UGT1A1 and SLC22A2 polymorphisms 689 
on the change in serum creatinine at week 4. The horizontal bars indicate means and standard errors. 690 
P-values indicate statistical significance of polymorphisms from the additive models and were 691 
calculated using Student t-test. The Bonferroni-adjusted significance threshold is 1.4x10-3.   692 

 693 
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Appendix A: Manuscript supplementary tables and figures 

Table S1. Univariable and multivariable linear regression models of 

associations of pharmacokinetic variables with change in serum creatinine 

from baseline to week 4 on dolutegravir containing ART 

Model Chromosome Variant ID Gene Allele MAF Coef. (95% CI) P-valuea 

Additive 2 rs1042640 UGT1A1 C > G 0.18 1.62 (-0.35, 3.59) 0.108 

 
2 rs3755319 UGT1A1 C > A 0.30 -1.01 (-2.70, 0.67) 0.240 

 
2 rs8330 UGT1A1 C > G 0.40 -0.68 (-2.23, 0.88) 0.393 

        

 
6 rs77648599 SLC22A2 T > G 0.11 1.42 (-0.84, 3.68) 0.22 

 
6 rs316019 SLC22A2 C > A 0.13 1.40 (-0.85, 3.65) 0.225 

 
6 rs316020 SLC22A2 G > A 0.13 1.32 (-0.93, 3.56) 0.251 

        

 
17 rs2453580 SLC47A1 T > C 0.42 -0.64 (-2.18, 0.90) 0.414 

 
17 rs2453583 SLC47A1 A > T 0.30 0.56 (-1.08, 2.19) 0.506 

 
17 rs2018675 SLC47A1 C > T 0.36 0.43 (-1.18, 2.05) 0.602 

        
Dominant 2 rs929596 UGT1A1 A > G 0.38 -2.33 (-4.49, -0.17) 0.035 

 
2 rs1042640 UGT1A1 C > G 0.18 1.92 (-0.30, 4.14) 0.091 

 
2 rs3771341 UGT1A1 G > A 0.37 -1.18 (-3.34, 0.98) 0.285 

        

 
6 rs316019 SLC22A2 C > A 0.13 1.55 (-0.89, 4.00) 0.213 

 
6 rs316020 SLC22A2 G > A 0.13 1.45 (-0.98, 3.88) 0.242 

 
6 rs77648599 SLC22A2 T > G 0.11 1.20 (-1.38, 3.79) 0.362 

        

 
17 rs2018675 SLC47A1 C > T 0.36 0.83 (-1.33, 3.00) 0.452 

 
17 rs2453584 SLC47A1 G > C 0.07 0.88 (-2.27, 4.03) 0.585 

 
17 rs2453583 SLC47A1 A > T 0.30 0.41 (-1.68, 2.51) 0.70 

        
Recessive 2 rs887829 UGT1A1 C > T 0.41 2.55 (-0.23, 5.32) 0.073 

 
2 rs4148325 UGT1A1 C > T 0.41 2.55 (-0.23, 5.32) 0.073 

 
2 rs6742078 UGT1A1 G > T 0.40 2.37 (-0.42, 5.17) 0.097 

        

 
6 rs3101823 SLC22A2 T > G 0.11 -8.04 (-18.70, 2.62) 0.140 

 
6 rs3127575 SLC22A2 C > T 0.11 -8.04 (-18.70, 2.62) 0.140 

 
6 rs77648599 SLC22A2 T > G 0.11 5.60 (-2.02, 13.22) 0.150 

        

 
17 rs2453580 SLC47A1 T > C 0.42 -1.52 (-4.33, 1.30) 0.292 

 
17 rs2453583 SLC47A1 A > T 0.30 1.62 (-2.15, 5.39) 0.399 

 
17 rs2453584 SLC47A1 G > C 0.07 -4.08 (-14.80, 6.65) 0.457 

aUnadjusted P-values. Adjusted p-values are not statistically significant. The genome-wide significance 
threshold was 1.4x10-3. P-values determined by Student t-test. Listed SNPs were limited to the top three 
SNPs with the lowest probability for type I error by model assumption and gene were displayed in the table. 

Note: Covariates included in each model: patient age (years), sex, treatment group (TDF or TAF), baseline 
serum creatinine (µmol.L-1), total body weight (kg), HIV-1 RNA viral load (cells.ml-1), CD4 T-cell count 
(cells.mm-3), and concomitant use of co-trimoxazole. 
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Table S2. Multivariable linear regression model assessing the genetic 

association between UGT1A1 polymorphism rs929596 assuming dominant 

allelic effects, and change in serum creatinine from baseline to week 4 on 

dolutegravir containing ART 

Variable Beta (95% CI) P-value 

rs929596 -2.33 (-4.49, -0.17) 0.035 

Age (years) 0.19 (0.05, 0.33) 0.007 

Sex (ref = female) 4.54 (1.70, 7.37) 0.002 

Treatment group (ref = TDF) -2.11 (-4.18, -0.04) 0.047 

Baseline serum creatinine (µmol.L-1) -0.20 (-0.30, -0.10) <0.001 

log10 baseline HIV-1 RNA viral load (cp.ml-1) 0.55 (-0.94, 2.04) 0.471 

ln baseline CD4 T-cell count (cells.mm-3) 1.59 (0.09, 3.10) 0.039 

Concomitant co-trimoxazole (ref = no) 1.63 (-1.68, 4.94) 0.334 

Total body weight (kg) -0.06 (-0.14, 0.02) 0.136 

Principal component 1 206.40 (-1614.00, 2027.00) 0.824 

Principal component 2 1236.00 (-2178.00, 4650.00) 0.479 
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Table S3. Sensitivity analysis of genetic association analyses between polymorphisms in 

SLC22A2 and SLC47A1, and change in serum creatinine from baseline to week 4 with 

dolutegravir AUC0-24h included 

Model Chromosome Variant ID Gene Allele MAF Coef. (95% CI) P-valuea 
Additive 6 rs28495851 SLC22A2 A > C 0.08 -2.24 (-5.15, 0.66) 0.131 

 
6 rs316019 SLC22A2 C > A 0.13 1.26 (-1.12, 3.65) 0.299 

 
6 rs316020 SLC22A2 G > A 0.13 1.12 (-1.26, 3.50) 0.357 

 
       

 
17 rs2453583 SLC47A1 A > T 0.30 0.96 (-0.73, 2.65) 0.266 

 
17 rs2453584 SLC47A1 G > C 0.07 1.09 (-1.82, 3.99) 0.465 

 
17 rs2018675 SLC47A1 C > T 0.36 0.57 (-1.12, 2.27) 0.508 

 
       

Dominant 6 rs28495851 SLC22A2 A > C 0.08 -2.18 (-5.31, 0.94) 0.172 

 
6 rs316019 SLC22A2 C > A 0.13 1.49 (-1.13, 4.11) 0.266 

 
6 rs316020 SLC22A2 G > A 0.13 1.31 (-1.30, 3.92) 0.325 

 
       

 
17 rs2453584 SLC47A1 G > C 0.07 1.84 (-1.42, 5.09) 0.269 

 
17 rs2018675 SLC47A1 C > T 0.36 1.11 (-1.15, 3.37) 0.338 

 
17 rs2453583 SLC47A1 A > T 0.30 1.04 (-1.16, 3.24) 0.354 

 
       

Recessive 6 rs3101823 SLC22A2 T > G 0.11 -7.12 (-17.72, 3.48) 0.189 

 
6 rs3127575 SLC22A2 C > T 0.11 -7.12 (-17.72, 3.48) 0.189 

 
6 rs77648599 SLC22A2 T > G 0.11 4.90 (-2.65, 12.46) 0.204 

 
       

 
17 rs2453580 SLC47A1 T > C 0.42 -1.39 (-4.26, 1.48) 0.343 

 
17 rs2453584 SLC47A1 G > C 0.07 -5.07 (-15.69, 5.55) 0.350 

 
17 rs894680 SLC47A1 G > A 0.07 -5.07 (-15.69, 5.55) 0.350 

aUnadjusted P-values. Adjusted p-values are not statistically significant. The genome-wide significance threshold 
was 1.4x10-3. P-values determined by Student t-test. Listed SNPs were limited to the top three SNPs with the 
lowest probability for type I error by model assumption and gene were displayed in the table. 

Note: Covariates included in each model: patient age (years), sex, treatment group (TDF or TAF), baseline serum 
creatinine (µmol.L-1), total body weight (kg), HIV-1 RNA viral load (cells.ml-1), CD4 T-cell count (cells.mm-3), and 
concomitant use of co-trimoxazole. 
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Figure S1. Heatmap and scatter plot of linkage disequilibrium (LD) over the UGT1A1, SLC22A2, 
and SLC47A1 genes with p-values of polymorphisms from the recessive regression models of 
genetic association analyses 

The white-red colour gradient of the cells illustrates the pairwise LD measured by r2, with red colour 
intensity indicating strength of LD. Statistical significance of polymorphisms in the recessive 
regression models are illustrated in the scatter plot using negative log transformed p-values as 
determined by Student t-tests. 
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Figure S2. Heatmap and scatter plot of linkage disequilibrium (LD) over the UGT1A1, SLC22A2, 
and SLC47A1 genes with p-values of polymorphisms from the dominant regression models of 
genetic association analyses 

The white-red colour gradient of the cells illustrates the pairwise LD measured by R2, with red colour 
intensity indicating strength of LD. Statistical significance of polymorphisms in the dominant 
regression models are illustrated in the scatter plot using negative log transformed p-values as 
determined by Student t-tests. 
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Figure S3. Sensitivity analysis - Heatmap plot of linkage disequilibrium (LD) for UGT1A1, 
SLC22A2, and SLC47A1 genes with association p-values of polymorphism from the additive 
genetic linear regression models graphed above. Polymorphisms in high LD with R2 value > 
0.8 have been omitted. 
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Figure S4. Sensitivity analysis - Heatmap plot of linkage disequilibrium (LD) for UGT1A1, 
SLC22A2, and SLC47A1 genes with association p-values of polymorphisms from the dominant 
genetic linear regression models graphed above. Polymorphisms in high LD with R2 value > 
0.8 have been omitted. 
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Figure S5. Sensitivity analysis - Heatmap plot of linkage disequilibrium (LD) for UGT1A1, 
SLC22A2, and SLC47A1 genes with association p-values of polymorphisms from the recessive 
genetic linear regression models graphed above. Polymorphisms in high LD with R2 value > 
0.8 have been omitted. 

  



Author Guidelines for British Journal of Clinical Pharmacology

Sections

1. Aims and Scope
2. Submission
3. Aims and Scope
4. Manuscript Categories and Requirements
5. Preparing the Submission
6. Editorial Policies and Ethical Considerations
7. Author Licensing
8. Publication Process After Acceptance
9. Post Publication

10. Editorial Office Contact Details
11. Transfer to other British Pharmacological Society (BPS)

1. Aims and Scope

Published on behalf of the British Pharmacological Society, the British Journal of Clinical
Pharmacology publishes papers and reports on all aspects of drug action in humans: original articles,
review articles, meta-analyses, guidelines, commentaries, short reports, editorials and letters to the
Editor. The Journal enjoys a wide readership, bridging the gap between the medical profession, clinical
research and the pharmaceutical industry. It also publishes research on new methods, new drugs and
new approaches to treatment.

The Journal welcomes papers on all sub-areas of clinical pharmacology, including (but not limited to):

Omics-based Precision Medicine,
Experimental Therapeutics,
Experimental Medicine,
Clinical Pharmacokinetics and Pharmacodynamics,
Clinical Toxicology,

37

http://bpspubs.onlinelibrary.wiley.com/hub/journal/10.1111/(ISSN)1365-2125
https://bpspubs.onlinelibrary.wiley.com/journal/13652125


Drug Safety,
Epidemiology,
Prescribing, and
Education

The journal is disease- and population-agnostic and welcomes papers on all diseases in all populations.

Please note that while BJCP welcomes translational papers with a major clinical component BJCP
does not publish purely basic pharmacology papers.

BJCP publishes papers describing clinical pharmacology in humans. We do not, however, normally accept
papers that describe just pharmacokinetics without a measure of the pharmacodynamics of a new
medicine. An example is a First-in Human study in which only pharmacokinetics and side effects are
reported when quantitative pharmacodynamics could have been reported. This is described in one of
our Editorials. BJCP does welcome clinical imaging studies that demonstrate target-engagement.

2. SUBMISSION

Once the submission materials have been prepared in accordance with the Author Guidelines,
manuscripts should be submitted online at https://mc.manuscriptcentral.com/bcp
For help with submissions, please contact: BJCPedoffice@wiley.com

BJCP does not charge submission fees or any other charges, including page, publication or colour fees.

Article Preparation Support
Wiley Editing Services offers expert help with English Language Editing, as well as translation, manuscript
formatting, figure illustration, figure formatting, and graphical abstract design – so you can submit your
manuscript with confidence. 

Also, check out our resources for Preparing Your Article for general guidance on writing and preparing
your manuscript.        

Preprint policy
Please find the Wiley preprint policy here.

This journal accepts articles previously published on preprint servers.

BJCP will consider for review articles previously available as preprints. Authors may also post the
submitted version of a manuscript to a preprint server at any time. Authors are requested to update any
pre-publication versions with a link to the final published article.

Preprint your manuscript on Authorea

You can now opt to seamlessly preprint your manuscript at submission, through Wiley’s Under Review
service, powered by Authorea. Make your work citable and discoverable, before it is accepted or
published.

Free format submission
BJCP now offers Free Format Submission for a simplified and streamlined submission process.

Before you submit, you will need:

Your manuscript: this should be an editable file including text, figures, and tables, or separate files
– whichever you prefer. All required sections should be contained in your manuscript, including
abstract, introduction, methods, results, and conclusions. Figures and tables should have legends.

38

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2125.2007.03023.x/full
https://mc.manuscriptcentral.com/bcp
https://wileyeditingservices.com/en/
https://authorservices.wiley.com/author-resources/Journal-Authors/Prepare/index.html?utm_source=wol&utm_medium=backlink&utm_term=ag&utm_content=prepresources&utm_campaign=prodops
https://authorservices.wiley.com/author-resources/Journal-Authors/open-access/preprints-policy.html
https://authorservices.wiley.com/author-resources/Journal-Authors/submission-peer-review/wiley-under-review.html
https://authorea.com/
https://authorservices.wiley.com/author-resources/Journal-Authors/Prepare/free-format-submission.html


Figures should be uploaded in the highest resolution possible.
References may be submitted in any style or format, as long as it is consistent throughout the
manuscript. Supporting information should be submitted in separate files. If the manuscript,
figures or tables are difficult for you to read, they will also be difficult for the editors and reviewers.
If your manuscript is difficult to read, the editorial office may send it back to you for revision. Your
manuscript may also be sent back to you for revision if the quality of English language is poor.
An ORCID ID, freely available at https://orcid.org.
(Why is this important? Your article, if accepted and published, will be attached to your ORCID profile.
Institutions and funders are increasingly requiring authors to have ORCID IDs.)
The title page of the manuscript, including:

Your co-author details, including affiliation and email address.
(Why is this important? We need to keep all co-authors informed of the outcome of the peer review
process.)
Statements relating to our ethics and integrity policies, which may include any of the
following:
(Why are these important? We need to uphold rigorous ethical standards for the research we
consider for publication):

data availability statement
funding statement
conflict of interest disclosure
ethics approval statement
patient consent statement
permission to reproduce material from other sources
clinical trial registration.

To submit, login at https://mc.manuscriptcentral.com/bcp and create a new submission. Follow the
submission steps as required and submit the manuscript.

Click here for more details on how to use ScholarOne.

For help with submissions, please contact the editorial office, BJCPedoffice@wiley.com.

If you are invited to revise your manuscript after peer review, the journal will also request the
revised manuscript to be formatted according to journal requirements as described below.

Fast-track Review Service 
Articles of exceptional importance and urgency may qualify for our fast-track review service with a first
decision within 10 calendar days from submission.  

To be considered for this fast-track review, authors need to provide a strong scientific and clinical
rationale, in an argument of no more 500 words. The Editor-In-Chief, with the Senior Editorial Board
members, will decide whether fast-track review is warranted and if so approve the article for the service.
Please note that if a manuscript is not deemed suitable for fast-track by the Editor-in-Chief and
Senior Editorial Board, it will be automatically moved to BJCP’s standard peer review workflow and
the authors will be notified of this decision.

The fast-track service is available only when there is clear urgency to publish the article AND the
manuscript meets one (or more) of the following criteria:

Exceptional relevance for patients;
Outmost importance to clinical and translational pharmacology; or
Significant competition to publish on the subject/in the area of pharmacology.  

In cases where a revision of the article is deemed necessary, a final decision will also be provided within
10 calendar days (from the re-submission date). 

39

https://orcid.org/
https://mc.manuscriptcentral.com/bcp.
https://authorservices.wiley.com/author-resources/Journal-Authors/submission-peer-review/scholar-one.html
mailto:BJCPedoffice@wiley.com


The ‘Accepted Article’ (i.e. the unedited version of the accepted manuscript) will then appear online
within 3 days post-acceptance. 

Open Access

BJCP is a subscription journal that offers an open access option. You’ll have the option to choose to make
your article open access after acceptance, which will be subject to an article publication charge (APC).

You can read more about APCs here and consult Wiley’s Author Compliance Tool to check whether you
may be eligible for waivers or discounts, through your institution, funder, or a country waiver.

3. MANUSCRIPT CATEGORIES AND REQUIREMENTS

BJCP publishes papers describing clinical pharmacology in humans. We do not, however, normally accept
papers that describe just pharmacokinetics without a measure of the pharmacodynamics of a new
medicine. An example is a First-in Human study in which only pharmacokinetics and side effects are
reported when quantitative pharmacodynamics could have been reported. This is described in one of our
Editorials.

All manuscripts undergo single-blind peer review. Anonymisation is not necessary.

For articles that are not open access, BJCP does not have any charges, including page, publication or
colour fees.

Original Articles

Short Communications

Review Articles

Meta-analyses

Commentaries

Case Reports

Letters to the Editor

Essays

Guidelines

40

https://authorservices.wiley.com/author-resources/Journal-Authors/open-access/article-publication-charges.html
https://authorservices.wiley.com/author-resources/Journal-Authors/open-access/author-compliance-tool.html
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2125.2007.03023.x/full


Briefing Papers

Editorials

BJCP Series

4. PREPARING THE SUBMISSION

The main text should be uploaded as a word document or equivalent editable format. Tables should be
included at the end of the document. All figures, supplementary information and Graphical Abstracts
should be uploaded separately.

General Style Points

The following points provide general advice on formatting and style:

Stereoisomers. When a drug can exist as stereoisomers or diastereomers (e.g. geometrical
isomers), the form of compound studied must be designated as follows in the methods section. In
the case of racemates the prefix rac- should precede the drug name (for example rac-propranolol).
When possible the absolute configuration of enantiomers should be indicated (for example (S)-
warfarin). Similarly, geometrical isomerism should be indicated by the prefixes Z/E or cis/trans.
When appropriate, the interpretation of data obtained using mixtures of isomers should take
account of stereochemical aspects.
Drug names. Prescribed drugs should be designated by an International Non-proprietary Name
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Structuring your submission
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should be no longer than 150 characters (including spaces). The title should not contain
abbreviations (see Wiley's best practice SEO tips);

ii. A short running title of less than 40 characters;
iii. The full names of the authors;
iv. The author's institutional affiliations where the work was conducted, with a footnote for the

author’s present address if different from where the work was conducted;
v. For original articles and short reports where interventions were performed with human

subjects/patients and or substances administered, please add a Principal Investigator
statement ‘The authors confirm that the Principal Investigator for this paper is X and that
he/she [delete as appropriate] had direct clinical responsibility for patients.’ If there is no
Principal Investigator, please also state this;

vi. Keywords (these are used to identify potential referees and as indexing terms);
vii. Word count, table count, figure count.

b. ‘What is already known about this subject’ and ‘What this study adds’ statements (if applicable
to the manuscript type).

c. Abstract (un/structured, depending on manuscript type):
It should include estimates of relevant treatment effects, along with 95% CIs or other measures of
variability, when appropriate, and confidence intervals (CI) of relevant differences between major
end points.

d. Main text (structured as outlined below).
e. Acknowledgements.
f. Conflict of interest statement.
g. Funding information.
h. Data availability statement (if applicable to the manuscript type).
i. References.
j. Tables (each table complete with title and footnotes and in an editable format)

k. Figure legends.
l. Appendices.

Figures must be submitted as separate files.

Main Text
* As all papers are subject to single-blind peer review, there is no need to anonymise your files.
* The journal uses British/US spelling; however, authors may submit using either option, as spelling of
accepted papers is converted during the production process.
* Footnotes to the text are not allowed and any such material should be incorporated into the text as
parenthetical matter.
* Be clear and concise; avoid jargon and neologisms.
* Include details of precision, accuracy, sensitivity, and specificity for drug/metabolite assays.

Methods and Materials
If a method or tool is introduced in the study, including software, questionnaires, and scales, the author
should state the license this is available under and any requirement for permission for use. If an existing
method or tool is used in the research, the authors are responsible for checking the licence and obtaining
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the permission. If permission was required, a statement confirming permission should be included in the
Materials subsection of the Methods section.
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For more information, please see the AMA Reference Style Guide.

References to data on file:

Any assertions within a submitted manuscript that are backed up by reference to unpublished data
should be clearly noted as such in the body of the manuscript and should give a clear direction to the
reader as to how they might request this data: e.g. ‘ACME34178 is not metabolised by CYP3A4
(unpublished data on file, ACME Drug Co. Ltd., Didcot, UK)’, ‘Drug Z is known to partition extensively into
erythrocytes (personal communication from Prof. X, University of Y)’. If making such a reference to
unpublished data the author should obtain (and provide the Editorial Office with a copy) written
permission to mention an individual (Prof X) or should identify a department in a company that can be
contacted with an address (Department of Drug Metabolism, ACME Drug Co, drugmet@acme.com) and
the permission should come from the head of that department or their designate.

Tables

Tables should be self-contained and complement, not duplicate, information contained in the text. They
should be supplied as editable files, not pasted as images. Legends should be concise but comprehensive
– the table, legend, and footnotes must be understandable without reference to the text. All
abbreviations must be defined in footnotes. Footnote symbols: a, b, c, should be used (in that order) and
*, **, *** should be reserved for P-values. Statistical measures such as SD or SEM should be identified in
the headings.

Figure Legends
Legends should be concise but comprehensive – the figure and its legend must be understandable
without reference to the text. Include definitions of any symbols used and define/explain all abbreviations
and units of measurement.
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Figures
Although authors are encouraged to send the highest-quality figures possible, for peer-review purposes,
a wide variety of formats, sizes, and resolutions are accepted. Click here for the basic figure
requirements for figures submitted with manuscripts for initial peer review, as well as the more detailed
post-acceptance figure requirements. it is preferable that line figures (e.g. graphs and charts) are supplied
in black and white.

Figures submitted in colour: Figures submitted in colour are reproduced in colour online free of charge.
Please note, however, that it is preferable that line figures (e.g. graphs and charts) are supplied in black
and white.

Authors are encouraged to consider the accessibility of their figures to readers with colour-blindness or
other visual impairments. If greyscale or monochrome figures are not possible, authors should consider
limiting the use of colour and avoid palettes that cause difficulty for readers with colour-blindness, such
as green/red.

Data Citation 
Please review Wiley’s data citation policy here.

Additional Files

Appendices
Appendices will be published after the references. For submission they should be supplied as separate
files but referred to in the text.

Graphical abstracts
Authors are strongly encouraged to submit a Graphical Abstracts for original articles and reviews, which
will be presented adjacent to the written abstract and in the table of contents of the issue in which your
article appears. Publishing a graphical abstract will help your article stand out and enable you to promote
your work widely; if you chose to supply a graphical abstract, you must a) follow the instructions provided
and b) use the templates supplied during submission. Graphical Abstracts should be submitted to
ScholarOne named 'Graphical Abstract Image’. For some examples of BJCP Graphical Abstracts, please
see here.

Supporting Information
Supporting information is information that is not essential to the article, but provides greater depth and
background. It is hosted online and appears without editing or typesetting. It may include tables, figures,
videos, datasets, etc. Click here for Wiley’s FAQs on supporting information.

Note: if data, scripts, or other artefacts used to generate the analyses presented in the paper are available
via a publicly available data repository, authors should include a reference to the location of the material
within their paper.

Wiley Author Resources

Manuscript Preparation Tips: Wiley has a range of resources for authors preparing manuscripts for
submission available here. In particular, authors may benefit from referring to Wiley’s best practice tips
on Writing for Search Engine Optimisation.

Manuscript Preparation Support: BJP Copy Editors, who provide a free copy-editing service to improve
the quality of all manuscripts that are acceptable for publication on scientific grounds. A further service is
also available to authors, Wiley Editing Services, where you can find help with English language editing,
video creation, article preparation and article promotion.
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Video Abstracts: A video abstract can be a quick way to make the message of your research accessible to
a much larger audience. Wiley offers a service of professionally produced video abstracts, available to
authors of articles accepted in this journal. You can learn more about it by clicking here. If you have any
questions, please direct them to videoabstracts@wiley.com.

Authors of Original and Review Articles are also encouraged to submit 2-minutes video abstracts
to be included alongside their published articles. Read our guidance on how to record and submit
your video abstract here.

5. EDITORIAL POLICIES AND ETHICAL CONSIDERATIONS

Guidelines on Publishing and Research Ethics in Journal Articles

BJCP requires that manuscripts include details about IRB approvals, ethical treatment of human and
animal research participants, and gathering of informed consent, as appropriate. Authors will be
expected to declare all conflicts of interest on submission. Please review Wiley’s policies on human
studies, animal studies, clinical trial registration, biosecurity, and research reporting
guidelines.

The Journal follows the core practices of the Committee on Publication Ethics (COPE) and handles
cases of research and publication misconduct accordingly (https://publicationethics.org/core-
practices).

BJCP uses iThenticate’s CrossCheck software to detect instances of overlapping and similar text in
submitted manuscripts. Read Wiley’s Top 10 Publishing Ethics Tips for Authors and Wiley’s
Publication Ethics Guidelines.

Image checking

After acceptance of your manuscript in the BJCP, all figures of your manuscript will undergo an integrity
check developed in-house by Wiley. In case of any doubt, raw data will be requested. Publication will only
proceed on the condition that all final files comply with the journal integrity checks.

In the event that any file does not comply with our integrity checks, the Journal reserves the right to
rescind any decision, or, alternatively, authors may be contacted to resolve any concerns raised by these
checks.

Wiley’s Guidelines for the Preparation of Figures can be found here.

Data Protection

By submitting a manuscript to or reviewing for this publication, your name, email address, and affiliation,
and other contact details the publication might require, will be used for the regular operations of the
publication. Please review Wiley’s Data Protection Policy to learn more.

Peer Review and Acceptance Criteria

The acceptance criteria for all papers are the quality and originality of the research and its significance to
journal readership. BJCP operates under a single-blind peer review model.  Each paper will only be sent
to reviewers if the Senior Editor and the Executive Editor handling the paper determine that the paper
meets the appropriate quality and relevance requirements.

Wiley's policy on the confidentiality of the review process is available here.
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Correspondence related to published research in BJCP is not usually subject to peer review, but is shared
with the authors of the original paper prior to any publication, with a right to reply. All substantive papers
— i.e. original articles and reviews (commissioned and non-commissioned), undergo the same rigorous
and consistent peer review process.

Once submitted, a manuscript will first be checked by the Editorial Office to ensure all elements required
for the peer review process have been submitted. If any required documentation is not present, the
Editorial Office will return the manuscript to the authors and request any missing information or material.

Manuscripts are then given a first review by a Senior Editor (triage), who may return the manuscript to the
authors to avoid delay if they judge that it is out of scope or has little chance of being accepted after
review. Otherwise it will be sent on to an Executive Editor, who assigns reviewers until two good quality
reviewers are received. The Executive Editor then makes a recommendation to the Senior Editors based
on those reviews.
The reviewers’ comments and Executive Editor’s recommendation are reviewed by the appropriate Senior
Editor, who will communicate the decision to the corresponding author.

Authors are often asked to revise their manuscript before a final decision is made.

A select number of phase 1 studies is reviewed by 3-4 editors with specific experience in phase 1 studies
who are supported in this effort by clinical pharmacology trainees.

Once your paper is accepted, the corresponding author will be asked by the editorial office to send any
outstanding material required for publication. This will include a request that the author apply
hyperlinking to the Concise Guide to Pharmacology within the body of the manuscript - for key ligands
and targets discussed in the article (note: this is only applicable to original articles, reviews, and short
reports. It is understood that there may be no relevant key targets and ligands in some articles and
authors can exclude this step if it’s not relevant. Authors are supplied with full instructions.

Once a paper is accepted and all outstanding material required for publication has been received, it is
published within a few days on the journal website in the format of the final accepted version, i.e. as a
PDF of the Word version. This final accepted version, known as an ‘Accepted Article’ is fully citable (and
has a perpetual Digital Object Identifier [DOI]). Accepted articles are replaced by Early View (see below)
and then the final version of record once published in an issue.

BJCP participates in Wiley’s Transfer Desk Assistant programme, helping authors of rejected
manuscripts to find a suitable home for their research.

You can read more about this programme here.

Appealing Editorial Decisions
To appeal an editorial decision to reject your article, please contact the journal via the editorial office
(bjcpedoffice@wiley.com). Once a decision on an appeal is made by the Editor-in-Chief, this decision is
final.

Submission Policy

Originality of the work and agreement of all authors to submit
Submission of a manuscript to BJCP will be taken to indicate that:

the content of the manuscript is original and that it has not been published or accepted for
publication, either in whole or in part, other than on a preprint server, as a short abstract,
communication or conference proceeding;
no part of the manuscript is currently under consideration for publication elsewhere;
all authors have seen and approved the final version of the submitted paper;
authors have, if necessary, obtained permission to publish from their employers or institutions;
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approvals are held from any persons acknowledged, or cited as having provided personal
communication; and
permission has been obtained to use any copyrighted material, such as reproducing a figure from
another article and that the source of the material has been acknowledged.

If there is any overlap with a paper that has already been published elsewhere, including use of the same
subjects or repetition of any data, that paper must be referred to and cited in full.

Principal Investigator
In studies where interventions were performed with human subjects/patients and or where substances
were administered to human subjects/patients, investigations are expected to have been conducted in
accordance with Good Clinical Practice (GCP). GCP is an international quality standard that defines
investigator responsibilities, including, among others, qualifications, resources, providing medical care to
trial participants, communication with the research ethics committee, protocol, informed consent, data
integrity and reporting (http://ichgcp.net/4-investigator). Everyone involved in the conduct of clinical
research must be competent to perform their tasks, qualified by education, training and experience.

According to GCP guidelines (or in GCP terminology) the Principal Investigator (PI) of a clinical study
should be a medical doctor and that person is responsible for the execution of, and is involved in running
of, the study. BJCP expects clinical studies to be conducted according to GCP guidelines and has a strict
policy of not accepting original articles when the GCP-defined PI of the study is not an author (please also
see the recent Editor’s View).

ALL original articles describing investigations of human subjects must indicate which of the authors was
the PI. This must be stated clearly on the title page of your submitted article, in the following form: ‘The
authors confirm that the PI for this paper is X [add name] and that they had direct clinical responsibility
for patients.’

If a principal investigator is not listed as an author, a clear explanation must be supplied with your
submission.

Data Sharing and Data Availability
BJCP expects data sharing. Please review Wiley’s policy here.

BJCP recognises the many benefits of archiving research data. BJCP expects you to archive all the data
from which your published results are derived in a public repository. The repository that you choose
should offer you guaranteed preservation (see the registry of research data repositories
at https://www.re3data.org/) and should help you make it findable, accessible, interoperable, and re-
useable, according to FAIR Data Principles
(https://www.force11.org/group/fairgroup/fairprinciples).

All accepted manuscripts are required to publish a data availability statement (DAS) to confirm the
presence or absence of shared data. If you have shared data, this statement will describe how the data
can be accessed, and include a persistent identifier (e.g. a DOI for the data, or an accession number) from
the repository where you shared the data. Authors will be required to confirm adherence to the policy. If
you cannot share the data described in your manuscript, for example for legal or ethical reasons, or do
not intend to share the data, you must provide the appropriate data availability statement. BJCP notes
that FAIR data sharing allows for access to shared data under restrictions (e.g., to protect confidential or
proprietary information) but notes that the FAIR principles encourage you to share data in ways that are
as open as possible (but that can be as closed as necessary).

Sample statements are available here.

If published, all statements will be placed in the heading of your manuscript.
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Human subject information in databases
The journal refers to the World Health Medical Association Declaration of Taipei on Ethical
Considerations Regarding Health Databases and Biobanks.

Data Sharing and Accessibility in Clinical Trials Papers
Authors are expected to make data associated with their published Clinical Trials papers openly
accessible, and should follow International Committee of Medical Journal Editors guidelines.

Open Research Initiatives
Recognising the importance of research transparency and data sharing to cumulative
research, BJCP encourages the following Open Research practices:

Sharing of data, materials, research instruments and their accessibility. BJCP encourages authors
to share the data, materials, research instruments, and other artifacts supporting the results in
their study by archiving them in an appropriate public repository. Qualifying public, open-access
repositories are committed to preserving data, materials, and/or registered analysis plans and
keeping them publicly accessible via the web into perpetuity. Examples include the Open Science
Framework (OSF) and the various Dataverse networks. Hundreds of other qualifying data/materials
repositories are listed at the Registry of Research Data Repositories (http://www.re3data.org).
Personal websites and most departmental websites do not qualify as repositories.
Open Research Badges. In partnership with the non-profit Center for Open Science
(COS), BJCP offers all submitting authors access to the following three Open Research Badges—
Open Materials, Open Data, and Preregistered Research Designs. We also award all qualifying
authors Open Research Badges recognizing their contributions to the Open Research movement.
The Open Research practices and associated award badges, as implemented by the Center for
Open Science and supported by BJCP, are the following:

The Open Materials Badge recognises researchers who share their research instruments and
materials in a publicly-accessible format, providing sufficient information for researchers to
reproduce procedures and analyses of published research studies.
The Open Data Badge recognises researchers who make their data publicly available,
providing sufficient description of the data to allow researchers to reproduce research
findings of published research studies. An example of a qualifying public, open-access
database for data sharing is the Open Science Framework repository. Numerous other data-
sharing repositories are available through various Dataverse networks
(e.g., http://dataverse.org) and hundreds of other databases available through the Registry of
Research Data Repositories (http://www.re3data.org).

Authors will have an opportunity at the time of manuscript submission and at the time of acceptance to
inform themselves of this initiative and to determine whether they wish to participate. Applying and
qualifying for Open Research Badges is not a requirement for publishing with BJCP, but these badges are
further incentive for authors to participate in the Open Research movement and thus to increase the
visibility and transparency of their research.

More information about the Open Research Badges is available from the Open Science Framework wiki.

Human Studies and Subjects
For manuscripts reporting medical studies that involve human participants, a statement identifying the
ethics committee that approved the study and confirmation that the study conforms to recognized
standards is required, for example: Declaration of Helsinki; US Federal Policy for the Protection of
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Human Subjects; or European Medicines Agency Guidelines for Good Clinical Practice. Details
should be given in the methods section.

Images and information from individual participants will only be published where the authors have
obtained the individual's free prior informed consent. Authors do not need to provide a copy of the
consent form to the publisher; however, in signing the author licence to publish, authors are required to
confirm that consent has been obtained. Wiley has a standard patient consent form available for
use.

If the person is a minor, consent must be obtained from the child’s parents or guardians. If the person is
deceased, it is both essential and ethical to obtain consent for use from the next of kin. If this is
impractical you need to balance the need to use the photo against the risk of causing offence. In all cases
ensure you obscure the identity of the deceased. If using older material, or for material obtained in the
field, for which signed release forms are, for practical purposes, unobtainable, you will need to confirm in
writing that the material in question was obtained with the person’s understanding that it might be
published.

Clinical Trial Registration
The journal requires that clinical trials are prospectively registered in a publicly accessible database and
clinical trial registration numbers should be included in all papers that report their results. Authors are
asked to include the name of the trial register and the clinical trial registration number at the end of the
abstract. If the trial is not registered, or was registered retrospectively, the reasons for this should be
explained.

Disclosure of structure of new compounds

For new compounds, the synthesis and physicochemical characteristics of the compound(s) must be
summarised in the Methods section unless these have already been published in another journal or in a
patent. BJCP discourages submissions of manuscripts concerning or using compounds of undisclosed
structure or undefined mixtures of compounds, and will only consider the submission of such
manuscripts in limited and specific cases, as deliberated by the Editor-in-Chief and Senior Editorial Board.

Authors should contact the BJCP Editorial Office (BJCPedoffice@wiley.com) if they intend to submit
a manuscript with an undisclosed structure of compound(s), clearly outlining the reasons why
such disclosure is not possible.

Research Reporting Guidelines
Accurate and complete reporting enables readers to fully appraise research, replicate it, and use it.
Authors are encouraged to adhere to the following research reporting standards, where applicable.

CONSORT
CONSORT (Randomised cross over trial reporting)
SPIRIT
PRISMA
PRISMA-P
STROBE
CARE
COREQ
STARD and TRIPOD
CHEERS
the EQUATOR Network
Future of Research Communications and e-Scholarship (FORCE11)
ARRIVE guidelines
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National Research Council's Institute for Laboratory Animal Research guidelines:
The Gold Standard Publication Checklist from Hooijmans and colleagues
Minimum Information Guidelines from Diverse Bioscience Communities (MIBBI) website
Biosharing website
REFLECT statement

Conflicts of Interest
The journal requires that all authors disclose any potential sources of conflict of interest. As defined in the
ICMJE ‘Recommendations for the Conduct, Reporting, Editing, and Publication of Scholarly Work in
Medical Journals’:

“The potential for conflict of interest and bias exists when professional judgment concerning a primary interest
(such as patients' welfare or the validity of research) may be influenced by a secondary interest (such as
financial gain). Perceptions of conflict of interest are as important as actual conflicts of interest.”

Any interest or relationship, financial or otherwise that might be perceived as influencing an author's
objectivity is considered a potential source of conflict of interest. These must be disclosed when directly
relevant or directly related to the work that the authors describe in their manuscript. Potential sources of
conflict of interest include, but are not limited to the following: patent or stock ownership, membership of
a company board of directors, membership of an advisory board or committee for a company, and
consultancy for or receipt of speaker's fees from a company. The existence of a conflict of interest for an
author does not necessarily preclude publication. If the authors have no conflict of interest to declare,
they must also state this at submission. It is the responsibility of the corresponding author to review this
policy with all authors and collectively to disclose with the submission ALL pertinent relationships,
commercial or otherwise.

Reviewers
Authors can, if they choose, facilitate the review process by providing, as part of the submission process,
the names, institutions and institutional email addresses of up to two suggested reviewers, on the
understanding that the Editors are not bound by any such nomination, and that the Editors will check the
credentials of these nominated individuals carefully to ensure optimum ethical standards. Opposed
reviewers may also be supplied.

Authorship

The list of authors should accurately illustrate who contributed to the work and how. All those listed as
authors should qualify for authorship according to the following criteria:

1. Have made substantial contributions to conception and design, or acquisition of data, or analysis
and interpretation of data;

2. Been involved in drafting the manuscript or revising it critically for important intellectual content;
3. Given final approval of the version to be published. Each author should have participated

sufficiently in the work to take public responsibility for appropriate portions of the content; and
4. Agreed to be accountable for all aspects of the work in ensuring that questions related to the

accuracy or integrity of any part of the work are appropriately investigated and resolved.

Contributions from anyone who does not meet the criteria for authorship should be listed, with
permission from the contributor, in an Acknowledgments section (for example, to recognize contributions
from people who provided technical help, collation of data, writing assistance, acquisition of funding, or a
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department chairperson who provided general support). Prior to submitting the article all authors should
agree on the order in which their names will be listed in the manuscript.

Additional Authorship Options: Joint first or senior authorship: In the case of joint first authorship, a
footnote should be added to the author listing, e.g. ‘X and Y should be considered joint first author’ or ‘X
and Y should be considered joint senior author.’

ORCID
As part of the journal’s commitment to supporting authors at every step of the publishing process, the
journal requires the submitting author (only) to provide an ORCID iD when submitting a manuscript. This
takes around just two minutes to complete. Find more information here.

Reproduction of Copyright Material

If excerpts from copyrighted works owned by third parties are included, credit must be shown in the
contribution. It is your responsibility to also obtain written permission for reproduction from the
copyright owners. For more information visit Wiley’s Copyright Terms & Conditions FAQ.

The corresponding author is responsible for obtaining written permission to reproduce the material "in
print and other media" from the publisher of the original source, and for supplying Wiley with that
permission upon submission.

6. AUTHOR LICENSING

Open Access

You may choose to publish under the terms of the journal’s standard copyright agreement, or Open
Access under the terms of a Creative Commons License.

Standard re-use and licensing rights vary by journal. Note that certain funders mandate a particular type
of CC license be used. This journal uses the CC-BY/CC-BY-NC/CC-BY-NC-ND Creative Commons License.

Self-Archiving Definitions and Policies: Note that the journal’s standard copyright agreement allows for self-
archiving of different versions of the article under specific conditions.

7. PUBLICATION PROCESS AFTER ACCEPTANCE

Linking to the BPS/IUPHAR Guide to Pharmacology
Nomenclature used in your article should follow that of the BPS/IUPHAR Guide to Pharmacology.
Should your manuscript be accepted, for all key ligands and targets cited in your manuscript, you will be
asked to add links (within the body of the text, at first mention) from your article to the Guide to
Pharmacology. You will be asked by the Editorial office to also provide a list of these hyperlinked ligands
and targets. This list will be for checking purposes only, by the journal copy editors. You will be given clear
instructions on how to carry out this requirement, but you can also find instructions here.

Accepted Article Received in Production
When an accepted article is received by Wiley’s production team, the corresponding author will receive an
email asking them to login or register with Wiley Author Services. The author will be asked to sign a
publication license at this point.
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Accepted Articles
The journal offers Wiley’s Accepted Articles service for all manuscripts. This service ensures that accepted
‘in press’ manuscripts are published online shortly after acceptance, prior to copy-editing or typesetting
and appear in PDF format only. After the final version article is published (the article of record), the DOI
remains valid and can still be used to cite and access the article.

Accepted Articles will be indexed by PubMed; submitting authors should therefore carefully check the
names and affiliations of all authors provided in the cover page of the manuscript so it is accurate for
indexing. The final copyedited and proofed articles will appear in an issue on Wiley Online Library; the link
to the article in PubMed will update automatically.

Proofs
Authors will receive an e-mail notification with a link and instructions for accessing HTML page proofs
online. Authors should also make sure that any renumbered tables, figures, or references match text
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Introduction 
Dolutegravir is a second generation integrase strand inhibitor that has largely replaced 
efavirenz in first-line antiretroviral regimens due to it improved efficacy, tolerability, and higher 
barrier to resistance. 1 Commonly reported adverse events include gastrointestinal 
disturbances, neuropsychiatric disturbances such as headache and insomnia, and renal 
abnormalities such as increased serum creatinine and a reduced estimated glomerular 
filtration rate (eGFR). This change in serum creatinine, typically an increase of 10-15% that 
occurs within 1 week of treatment initiation that plateaus by the fourth week, has been 
observed among HIV-negative volunteers as well as people living with HIV (PLWH) that are 
on dolutegravir containing antiretroviral therapy (ART) regimens. 2-4 This effect is mediated by 
the inhibition of renal transporters involved in creatinine excretion. Importantly, this apparent 
decrease in estimated glomerular filtration rate is not reflective of a true decline in glomerular 
filtration and is rather due to inhibition of creatinine clearance. 

Creatinine is an endogenous cation produced by the metabolism of creatine, a major 
component of muscle tissue. Due to its chemical properties, it is eliminated solely by renal 
elimination. This involves a combination of passive glomerular filtration (approximately 80-
90% of total creatinine clearance) and facilitated tubular secretion (10-20%). The relative 
contribution of each process can be affected by factors including age, the presence and 
severity of chronic kidney disease, or drugs. 5 Tubular secretion of creatinine is largely 
mediated by organic cation transporter 2 (OCT2) transporters that are located on the 
basolateral membrane, as well as multidrug and toxin extrusion 1 (MATE1) transporters and 
multidrug and toxin extrusion 2-K (MATE2-K) transporters that are located on the apical 
surface of renal tubular cells. 5, 6 OCT2 belongs to the solute carrier superfamily of transporters, 
and these proteins facilitate the transport of low molecular weight, hydrophilic, cationic 
compounds from blood to the intracellular compartment through an electrochemical gradient 
of their substrates. OCT2 is predominantly expressed in renal proximal tubular cells of the 
kidney but is also found in brain and lung tissues. MATE transporters are proton/cationic 
antiporters that are highly expressed in multiple tissues: MATE1 is expressed in the kidney, 
liver, adrenal gland, and skeletal muscle, while MATE2-K is specifically expressed in the 
kidney. 5, 7

Drugs that alter the function of renal transporters can cause clinically significant drug 
interactions due to altered pharmacokinetics. Dolutegravir is a potent inhibitor of OCT2, with 
reported 50% inhibitory concentrations (IC50) of 1.9 µM and 0.066 µM in two, separate studies. 
2, 8 This is likely to exceed therapeutic concentrations with standard dolutegravir dosing by 3-
7 fold. 9 Similarly, dolutegravir has been shown to inhibit MATE1 and MATE2-K mediated 
transport of solutes to varying degrees, with one in-vitro study reporting IC50 values of 3.6 µM 
and 12.5 µM when metformin was used as a probe substrate, while another reported IC50 
values of 6.3-50 µM and >100 µM respectively. 5, 8, 10 Clinically, dolutegravir results in a 10-
15% relative reduction in creatinine clearance, which largely corresponds to the proportion 
normally eliminated by tubular secretion. Importantly, this effect is not representative of a 
decline in renal function and did not require treatment discontinuation in clinical trials. 9, 11 This 
effect on serum creatinine varies widely between patients, as evidenced by the ADVANCE 
trial where a large difference can be noted between the median change in serum creatinine of 
13 µmol/L overall (correlating with a reduction in eGFR of approximately 30 ml/min/1.73m2, 
compared to a change in serum creatinine of 53 µmol/L among participants within the upper 
quartile. 12, 13 Factors that may contribute to this wide variability include pharmacokinetic, 
pharmacodynamic, and genetic predisposition. 



DTG_creat_ADVANCE_01Nov22 2 

FIGURE 1. SCHEMATIC DIAGRAM DEMONSTRATING RELEVANT RENAL TRANSPORT OF CREATININE AND
DOLUTEGRAVIR. ARROW THICKNESS INDICATES RELATIVE TRANSPORTER AFFINITY FOR 
DOLUTEGRAVIR COMPARED TO CREATININE, RESULTING IN COMPETITIVE INHIBITION OF CREATININE 
TRANSPORT 

The OCT transporter subfamily is encoded by SLC22A genes. 14 Genetic diversity affects renal 
transporter structure or function, and this may contribute to inter-individual differences in drug 
disposition. 15 This has been evidenced by drugs such as metformin and cisplatin which 
undergo renal transport and have been associated with altered hypoglycaemic effects or 
nephrotoxicity, respectively. 16, 17 Pharmacogenetic data on dolutegravir-mediated creatinine 
secretion are sparse, but literature supports the hypothesis that genetic variation may 
influence the antagonistic effect exerted by dolutegravir on creatinine transport. One study 
reported an association between rs316019, a non-synonymous c.808G>T single nucleotide 
polymorphism (SNP) encoding SLC22A2, and an increased prevalence of neuro-psychiatric 
symptoms among PLWH on dolutegravir. 18 This SNP caused a non-synonymous change in 
amino acid at position 270 from alanine to serine. Patients with this genetic variant reported 
more features of anxiety and hostility, and scored higher on an objective neuro-psychiatric 
assessment test, which indicated potentially deranged neuro-psychiatric function. 
Interestingly, this SNP was not associated with differences in dolutegravir trough 
concentrations, which may suggest altered substrate transport at other sites such as the brain 
where OCT2 transporters are also found. 18 Previous studies have also demonstrated an 
association between this SNP and decreased creatinine secretion. 19, 20 This variant is well 
represented in almost all ethnicities studied including South African groups, with allelic 
frequency reports of up to 14%.21 Other gene variants that have been reported to affect OCT2 
function among populations of African ancestry include rs3127573, rs8177507, and 
rs8177516, among others. 22  

MATE1 and MATE2-K transporters, recently discovered in 2005, are encoded by SLC47A1 
and SLC47A2 respectively. 7, 23 MATE2-K is a splice variant of MATE2, and is the predominant 
form expressed in the kidney. 7 They participate in creatinine efflux to the urinary filtrate with 
similar affinity, thereby creating multiple pathways for creatinine elimination. Thus far, no 
pharmacogenetic studies have been published that assess associations between MATE 
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transporter gene polymorphisms and dolutegravir pharmacokinetics/pharmacodynamics. 
Genetic variability in these transporters has been associated with altered disposition of other 
drugs such as metformin, which is also a MATE1 and MATE2-K transporter substrate. For 
example, a study published in 2013 demonstrated that the SNP rs2252281 was associated 
with an enhanced response to metformin in a cohort of patients with diabetes. This SNP is 
located in the 5’ untranslated region and serves as a binding site for AP-1, a transcription 
factor. In the same study, participants with a genetic variant of MATE2 (rs12943590) displayed 
enhanced elimination of metformin compared to carriers of the normal allele. Inclusion of these 
genotypes in regression models improved the variability explained in metformin response from 
7% when the model only included SNPs in either of the 2 genes, to 15% where SNPs in both 
genes were included. 24 These data underline two important concepts: First, it emphasizes the 
importance of understanding genetic variation within both exonic and intronic segments, as 
evidenced by the latter example where a SNP in an intronic region impacted metformin 
disposition. Evidence that introns contribute significantly to protein expression is increasing. 25 
As a result, allelic variants in these regions may also affect substrate transport. Second, it 
demonstrates that individual gene effects interact with each other through additive 
mechanisms to produce variable phenotypes, and that the sum of individual effects should be 
considered to produce an accurate estimate of potential pharmacogenetic interactions. 

Genetic variation that affects dolutegravir exposure may further alter its pharmacodynamic, 
inhibitory effect on creatinine secretion. Dolutegravir is primarily metabolized in the liver by 
uridine diphosphate glucuronosyltransferase 1A1 (UGT1A1). UGT1A1 variability has 
previously been associated with altered dolutegravir exposure. For example, one study noted 
a 27% increase in dolutegravir AUC0-24 among homozygotes for rs8175347, a SNP that 
resulted in reduced UGT1A1 function, compared to homozygotes of the normal gene26. 
Another study recently showed that rs887829 and rs28899168 SNPs were associated with 
reduced dolutegravir clearance in a Southern African population. 27 
Pharmacokinetic/pharmacodynamic studies further suggest that the degree of dolutegravir 
exposure may correlate with the magnitude of inhibition on creatinine clearance: A population 
pharmacokinetic model found a negative correlation between dolutegravir AUC0-24h and 
change in creatinine clearance over time with a correlation coefficient of -0.3177 (p<0.001). 3 
On the basis of these findings, it is plausible to suggest that genetic variations in UGT1A1 that 
alter dolutegravir exposure could have an exposure-response relationship with the inhibition 
of creatinine secretion, thus increasing the risk and magnitude of reduced creatinine clearance 
among populations with genetic polymorphisms. 

Populations of African ancestry have more diverse genetic diversity compared to other 
populations. 28 This diversity has been linked to increased variability in drug response as well 
as adverse effects. 28 The majority of pharmacogenetic studies, however, have either been 
conducted in non-African cohorts, or in subgroups of African ancestry with limited diversity. 
Including Africans in research may reveal novel genetic factors. 29 Africa has a high prevalence 
of HIV infection, and the use of dolutegravir continues to increase due to its favourable drug 
profile. Dolutegravir associated elevations in serum creatinine can result in inappropriate 
switching of dolutegravir to other antiretrovirals. 30 Improving our understanding of potential 
pharmacogenetic interactions would increase the knowledgebase that permits safe and 
rational use of dolutegravir which could contribute to the reduction of unnecessary drug 
regimen alteration. 

This analysis aims to assess potential relationships between dolutegravir exposure, relevant 
genetic polymorphisms that may affect renal transporters or UGT1A1, and early changes in 
serum creatinine concentrations among a Southern African cohort of treatment naïve PLWH 
who were initiated on ART. 
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Hypothesis 
1. Dolutegravir has an exposure-dependent relationship with the inhibition of renal

creatinine secretion.
2. Dolutegravir’s inhibitory effect on renal creatinine secretion is modulated by genetic

polymorphisms encoding renal transporters (OCT2, MATE1, and MATE2-K).
3. Dolutegravir’s inhibitory effect on renal creatinine secretion is modulated by genetic

polymorphisms encoding UGT1A1.

Aim 
To assess pharmacokinetic-pharmacogenetic-pharmacodynamic relationships between 
dolutegravir exposure and early changes in serum creatinine when exposed to dolutegravir-
containing ART among ART-naïve Southern African PLWH. 

Study design 
A post-hoc analysis of pharmacokinetic, pharmacogenetic, and pharmacodynamic data 
collected during the ADVANCE clinical trial. ADVANCE was an open-label, non-inferiority, 
randomized, controlled trial that evaluated the efficacy and safety of ART regimens composed 
of TDF or TAF when co-administered with emtricitabine (FTC) and dolutegravir (DTG) 
compared with a standard of care arm of TDF, FTC, and efavirenz. This study was conducted 
among 1,053 HIV-positive, treatment naïve Southern African PLWH that were treated and 
followed up for 48 weeks, with an extension study conducted to 96 weeks. Data collected from 
the ADVANCE clinical trial will be analysed to assess the effects of dolutegravir exposure and 
hepatic enzyme genetic polymorphisms that affect dolutegravir exposure, and renal 
transporter genetic polymorphisms on change from baseline in serum creatinine within the first 
4 weeks of treatment. 

Study population 
The study population for this analysis will consist of participants randomized to the TAF-FTC-
DTG or TDF-FTC-DTG arms in whom pharmacokinetic samples were collected. The sample 
will have a maximum size of 284 participants. 

Objectives 
• Assess relationship between dolutegravir exposure and early changes in creatinine

clearance
• Assess the modulatory effect of genetic polymorphisms in OCT2, MATE1, and MATE2-

K renal transporter genes on dolutegravir mediated inhibition of creatinine secretion.
• Assess the modulatory effect of genetic polymorphisms in UGT1A1 on dolutegravir

mediated inhibition of creatinine secretion

Endpoints and analyses 
Endpoint: Change in serum creatinine from baseline (before starting dolutegravir therapy) to 
week 4 of treatment. 

• Analysis 1: Analyse potential associations between change in serum creatinine, baseline
characteristics, and treatment allocation (sample size = 700)
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o Independent variables: age, sex, baseline serum creatinine, log10 HIV RNA, 
baseline BMI, CD4 T-cell count, co-trimoxazole use, and treatment group (TDF or 
TAF). 

 

• Analysis 2: Analyse potential associations between change in serum creatinine and 
pharmacokinetic estimates of DTG exposure (sample size = 472): 

o Independent variables: age, sex, baseline serum creatinine, log HIV RNA, baseline 
BMI, CD4 T-cell count, co-trimoxazole use (Yes or no), treatment group (TDF or 
TAF), estimated dolutegravir AUC0-24h. 

 

• Analysis 3: Analyse potential associations between change in serum creatinine, clinical 
and DTG PK exposure variables, and genetic polymorphisms (sample size = 284):  

o Independent variables: age, sex, baseline serum creatinine, log HIV RNA, 
baseline BMI, CD4 T-cell count, co-trimoxazole use (Yes or no), treatment group 
(TDF or TAF), dolutegravir estimated AUC0-24h, genetic principal components, and 
pre-specified gene polymorphisms (SLC22A2, SLC47A1, SLC47A2, and UGT 
1A1). 

o Associations will be assessed in separate models (see statistical analysis plan 
below). 

 
Inclusion and exclusion criteria 
Inclusion criteria: 
 

Inclusion criteria Analysis 1 Analysis 2 Analysis 3 
Enrolled in DTG 
containing arms X X X 
18 years of age or older X X X 
At least one 
pharmacokinetic 
dolutegravir measurement 

 X X 

Provided informed 
consent for genetic testing   X 

 

Exclusion criteria: 
• Participants without post-enrolment serum creatinine measurements 
 

Sample collection 
Blood samples for creatinine measurements were collected at baseline and at week 4 of ART. 
Intensive PK and PG specimens were collected from a subgroup of participants that provided 
informed consent.  Intensive PK sampling was conducted at various time points: pre-dose, 1, 
2, 4-, 6-, 8-, and 24-hours post-dose. The dose preceding PK sampling was directly observed. 
Participants also underwent sparse sampling at either 48- or 96-weeks. Upon collection, the 
times of last dose administration and sample collection were recorded. The samples were 
stored at -80°C until analysis. 
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Pharmacokinetic analyses 
Plasma DTG concentrations were measured from the PK samples using liquid 
chromatography with mass tandem spectrometry by the Division of clinical pharmacology 
laboratory at the University of Cape Town using an AB SCIEX API 4000 instrument. A 
population pharmacokinetic (PopPK) model was developed from the intensive PK sampling 
cohort using non-linear mixed-effects modelling. Individual pharmacokinetic parameter 
(estimated DTG AUC0-24h) values at steady state were estimated from collected sparse 
samples using a post-hoc Bayes estimation method that took individual PK data and 
characteristics into account. Individual AUC0-24h values were estimated using administered 
dose, bioavailability, and estimated clearance. Additional details are provided elsewhere. 27 

Genetic testing 
Whole blood was collected from participants that provided consent, and DNA was extracted 
and genotyped using the Illumina Infinium Multi-Ethnic Global BeadChip (MEGAEX) at 
Vanderbilt Technologies for Advanced Genomics (VANTAGE). Post-genotype quality control 
checks were performed, which included sex checks, call rates by marker and sample, identity 
by descent plots, batch effect assessments, duplicate sample checks, and HapMap controls. 
Genome data imputation was performed using the TOPMed reference panel after data 
transformation using LiftOver and stratification by chromosome to parallelize the imputation 
process. 31-34 Additional details on genetic testing have been described in a prior publication.
27

Principal Components 
Genetic data were previously projected onto the 1000Genomes database, and principal 
component screen plots were visually inspected to determine how many components to 
include in analyses. Based on this, the first two principal components will be included. 

Variables 
• Demographic data: age, sex
• Body weight
• Serum creatinine (µmol/L) and estimated glomerular filtration rate (CKD-EPI 2021)
• Baseline plasma HIV-1 viral load and CD4 T-cell count
• Co-trimoxazole use (Yes or no)
• Dolutegravir pharmacokinetic exposure data – estimated individual 24-hour dolutegravir

AUC0-24h from dolutegravir population pharmacokinetics model
• Pharmacogenetic polymorphism data for the following genes: SLC22A2 (OCT2),

SLC47A1 (MATE-1), SLC47A2 (MATE2-K), and UGT1A1
• Treatment group arm (TDF or TAF)
• The first 2 principal components

Statistical analysis plan 
Baseline characteristics will be summarized with descriptive statistics. Univariable and 
multivariable regression models will be used to assess relationships between change in serum 
creatinine (outcome variable) and the following variables: dolutegravir exposure (using 
estimated dolutegravir AUC0-24h) and genetic polymorphisms. For genetic association 
analyses, a priori selected SNPs in SLC22A2, SLC47A1, SLC47A2, and UGT1A1 will be 
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included. Polymorphisms in these genes will be selected based on previously reported 
genome-wide associations (p<5.0x10-8) with renal traits in the GWAS Catalog, and 
associations with drug-related phenotypes in the PharmGKB with 1 or 2A levels of evidence. 
The first multivariable regression analysis will include the clinical covariates (adjusting for age, 
sex, baseline body weight, baseline CD4 cell count, baseline HIV viral load, and tenofovir 
prodrug allocation group (TDF or TAF), and baseline serum creatinine concentration). The 
second analysis will include all previously included variables, as well as estimated dolutegravir 
pharmacokinetic variables (dolutegravir AUC0-24h). Subsequent analyses will include all 
clinical, pharmacokinetic, and genetic variables which will consist of individual SNPs and 
genetic principal components. Regression diagnostic tests assessing relationships between 
independent variables may reveal high collinearity between UGT1A1 polymorphisms and 
estimated DTG AUC0-24h due to the enzyme’s role in metabolizing DTG. If this occurs, the final 
regression model that includes UGT1A1 SNPs as a covariate will be run without estimated 
DTG AUC0-24h. 

Statistical tests will be performed using parametric or non-parametric tests as appropriate. 
Normality will be assessed using visual inspection of distributions and the Shapiro-Wilk test. 
Non-parametric data will be log-transformed. All variables chosen a priori will be included in 
the multivariable regression. We will use the Holm-Bonferroni procedure to control for multiple 
hypothesis testing with an overall alpha value of 0.05. STATA 16 and/or PLINK software will 
be used for data analysis. 

This analysis is likely to have sufficient power to detect a relationship between the 
pharmacokinetic and genetic variables. A template model which includes 11 predictors from 8 
baseline variables (see variables section), one pharmacokinetic estimate variable (i.e., 
estimated DTG AUC0-24h), and one gene with 5 SNPs will have an estimated power of 90% to 
detect a relationship with 284 participants and an r-squared value of 0.1 (Figure 2). 

FIGURE 2. ESTIMATED POWER FOR MULTIPLE LINEAR REGRESSION MODELS THAT INCLUDE GENETIC DATA 

Ethical considerations 
This study will be conducted in accordance with the principles of the Declaration of Helsinki, 
the International Council for Harmonisation, and South African Good Clinical Practice 
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guidelines. Ethical approval for the conduct of the parent study (ADVANCE), as well as this 
analysis have been obtained by Human Research Ethics Committees at the University of 
Witwatersrand and the University of Cape Town, and participant informed consent was 
obtained during study conduct.  

Potential risks 
This study poses minimal additional risk to the study population as no further study procedures 
will be performed. All data and samples have been de-personalised, thus minimizing the risk 
of breach of confidentiality or privacy. All patient data will be kept on an electronically secured 
database which will be password protected and access controlled. Confidentiality will be 
maintained at all times to the best of the investigator’s ability. Only the research team will have 
access to the data. 

Potential benefits 
While the research findings generated from this study may not necessarily benefit the study 
population directly, they may generate generalisable knowledge that may provide future 
benefit.  

Limitations 
The administration of ART was not directly observed for participants that underwent sparse 
sampling. Thus, it is possible that AUC parameters may be inaccurate if the medication 
schedule was not adhered to.  

Results dissemination 
This research project is an academic requirement for completion of a Master of Medicine 
degree in Clinical Pharmacology. From this research project, a minor dissertation will be 
written for submission to the University of Cape Town. In addition, any results generated will 
be reported in a peer-reviewed academic journal. Any communications and presentations that 
may stem from this research will be reviewed and approved by the contributing authors and 
supervisors. 

Funding 
This research study will receive funding from internal research funds. 

Journal article publication fee R 25 000.00 

Total R 25 000.00 
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Timing 

Months from start Jun 2022 Jul 2022 Aug 2022 Sep 2022 Sep 2022 Oct 2022 Nov-Dec 
2022 Jan 2023 Feb-Mar 

2023 

Literature review 

Preparing Protocol 

Protocol Review 

Ethics application 

Data collection 

Data analysis 

Publication manuscript 
formulation 

Mini-thesis submission 

Journal article submission 
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