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Background: Cabotegravir is an HIV integrase inhibitor in clinical development with both oral and long-acting
(LA) injectable formulations. Cabotegravir is primarily metabolized by uridine 50-diphospho-glucuronosyltrans-
ferase (UGT) 1A1, a known polymorphic enzyme with functional variants that can affect drug metabolism and
exposure.

Objectives: To investigate the pharmacogenetic effects of the reduced-function alleles UGT1A1*6, UGT1A1*28
and/or UGT1A1*37 on steady-state pharmacokinetics (PK) and safety of oral cabotegravir (30 mg/day) and intra-
muscular cabotegravir LA (400 mg every 4 weeks or 600 mg every 8 weeks).

Methods: Plasma cabotegravir PK was assessed in 346 UGT-genotyped participants with and without UGT1A1
functional variants across six studies (four Phase I and two Phase II) of oral cabotegravir, including 215
HIV-infected participants who received oral cabotegravir followed by cabotegravir LA. Changes from baseline in
total bilirubin and ALT were assessed in one study (LATTE; NCT01641809).

Results: Statistically significant (P < 0.05) associations were observed between UGT1A1 genotype and
plasma cabotegravir PK parameters, with 28%–50% increases following oral cabotegravir [plasma cabotegravir
concentration at the end of the dosing interval (Ctau), 1.50-fold; AUCtau, 1.41-fold; and Cmax, 1.28-fold] and 16%–
24% increases following cabotegravir LA administration (48 week Ctau, 1.24-fold; AUCtau, 1.16-fold; and Cmax,
1.18-fold) among those with low-versus-normal genetically predicted UGT1A1 activity. A statistically significant
(P < 10#5) association between predicted UGT1A1 activity and maximum change in total bilirubin was also
observed (2.45-fold asymptomatic increase for low versus normal) without a corresponding change in ALT.

Conclusions: This modest increase in oral and parenteral cabotegravir exposure associated with a reduced
function of UGT1A1 is not considered clinically relevant based on accumulated safety data; no dose adjustment
is required.

Introduction

Cabotegravir is an HIV-1 integrase strand transfer inhibitor in
clinical development, both for HIV-1 treatment, in combination
with long-acting (LA) rilpivirine, and as a single agent for preven-
tion of sexually acquired HIV-1 infection. In clinical studies of
HIV-1 treatment, cabotegravir was administered as an LA aqueous
suspension for intramuscular (IM) injection in the gluteus medius
muscle every 4 or 8 weeks following an initial lead-in period of
oral dosing. Cabotegravir has low aqueous solubility, resulting in
slow, solubility-limited absorption from the IM depot into the sys-
temic circulation following IM administration.1 Cabotegravir LA

also exhibits absorption-rate-limited pharmacokinetics (PK),
resulting in an extended PK profile that provides sustained plasma
concentrations over time and supports infrequent administration.
Following a single injection, plasma cabotegravir concentrations
can persist for more than a year in some subjects.2,3 Cabotegravir
is not readily removed from the IM depot nor dialysable from
systemic circulation. Hence, daily oral cabotegravir (immediate-
release tablet) is being used as oral lead-in therapy, to assess indi-
vidual tolerability prior to receipt of LA injections, and is also
intended to provide short-term coverage during a lapse in injection
dosing.
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Cabotegravir is a substrate,4 though not an inhibitor or in-
ducer,5 of uridine 50-diphospho-glucuronosyltransferase (UGT)
and primarily metabolized by UGT1A1 with a minor contribution
by UGT1A9.4 The UGT family mediates conjugation of glucuronic
acid with exogenous and endogenous substances, such as
bilirubin, to increase water solubility for elimination. UGT1A1 is
expressed primarily in the liver and gastrointestinal tract6 and
is a polymorphic enzyme for which functional variants
have been linked to both hereditary disease and altered sub-
strate pharmacology.7–9 Ablation or near-ablation of UGT1A1
activity gives rise to Crigler–Najjar syndrome, a serious and
potentially fatal condition characterized by severe hyperbilirubi-
naemia and kernicterus.10–12 A more common and less serious
example of hereditary hyperbilirubinaemia is Gilbert’s syn-
drome, a generally benign and self-resolving condition charac-
terized by fluctuating levels of unconjugated bilirubin occurring
when UGT1A1 function is reduced to approximately 30% of
normal.13,14

Genetic polymorphisms reducing UGT enzyme activity may also
affect the safety profile of drugs metabolized via this pathway.
Several well-characterized, functionally impaired alleles of
UGT1A1 linked to Gilbert’s syndrome are implicated in adverse
pharmacological and safety outcomes for some drug substrates.
Well-studied examples include UGT1A1*6,15 leading to a Gly71Arg
amino acid substitution16 found most often in Asian populations,17

and a pair of TA dinucleotide repeat sequence insertion variants in
the promotor region (TA7 and TA8) that reduce mRNA expression:
UGT1A1*28 (TA7), common in all populations,18 and UGT1A1*37
(TA8),18 which is largely restricted to African populations.19,20

UGT1A1*6 and *28 elevate the severity and risk, respectively, of
irinotecan-associated neutropenia21,22 and UGT1A1*28 appears
to influence the PK and pharmacodynamics of etoposide23 and
raloxifene24 as well as influencing the development of hyperbiliru-
binaemia with UGT1A1-inhibiting drugs such as atazanavir.25

Homozygosity or compound heterozygosity for UGT1A1*6, *28 or
*37 has been shown to affect the risk of hyperbilirubinaemia
with multiple medicines.25–28

Functional variation in UGT1A9, associated with a minor meta-
bolic pathway for cabotegravir, is also known. Increased UGT1A9
expression due to carriage of UGT1A9*1b, which has a single-base
insertion into the promotor region [#118(dT)9>10],29 has been
associated with an increased risk of severe diarrhoea on
irinotecan-based cancer treatment30 and variability in neonatal
clearance of acetaminophen (paracetamol).31 The UGT1A9*1b al-
lele is most common in Asian populations but is also found in
Caucasians and African Americans.29,32

Although functional UGT1A1 and/or UGT1A9 variants may
potentially impact the PK and safety profile of cabotegravir,
there is limited understanding of how metabolic variation
affects slow-release LA agents and metabolic profiling is not
routinely conducted prior to antiretroviral administration.
This is the first pharmacogenomic (PGx) assessment of UGT
variation on steady-state cabotegravir exposures following oral
immediate-release and LA extended-release administration in
healthy and HIV-infected patients participating in Phase I and
Phase II studies from the cabotegravir clinical development
programme.

Patients and methods

Studies

Pharmacogenetic analyses were conducted retrospectively in participants
in ViiV Healthcare-sponsored clinical studies of cabotegravir who provided
study-related written informed consent and a separate, optional consent
for genetic research. All studies were performed in accordance with the
principles originating in the Declaration of Helsinki and with Good Clinical
Practice. Protocols and informed consent forms were reviewed and
approved by the relevant Institutional Review Boards/Independent Ethics
Committees.

Two analyses were performed to assess the influence of UGT allelic var-
iants on steady-state cabotegravir exposure: the impact of UGT1A1 and
UGT1A9 on oral cabotegravir PK (Analysis 1), and the impact of UGT1A1 on
parenteral cabotegravir LA exposure (Analysis 2). Data sources were four
Phase I studies in healthy volunteers and two Phase II studies in HIV-
infected patients (Table 1). Full details of three of the Phase I studies and
both Phase II studies have been published elsewhere.33–37 Details of the
fourth Phase I study are available from the ViiV Healthcare Clinical Study
Register (https://www.viiv-studyregister.com/study/19569).

The first Phase II study in HIV-infected participants for which clinical
data were available (LATTE; NCT01641809)36 administered oral cabotegra-
vir (10, 30 or 60 mg once daily) with two nucleoside analogues for a
24 week induction followed by oral maintenance for 72 weeks with the
same cabotegravir dose plus once-daily oral rilpivirine 25 mg. The second
Phase II study (LATTE-2; NCT02120352)37 administered daily oral cabote-
gravir 30 mg plus abacavir/lamivudine for 20 weeks; virological responders
were randomized to continue oral treatment, or switched to parenteral
cabotegravir LA plus rilpivirine LA on a 4 weekly (400 mg plus 600 mg) or
8 weekly (600 mg plus 900 mg) dosing schedule.

Objectives
Analysis 1 pooled data from all six studies to evaluate the effect of UGT1A1
and UGT1A9 variants on steady-state exposure of once-daily oral cabote-
gravir 30 mg (with or without nucleoside analogues), the oral lead-in dose
used to assess tolerability prior to cabotegravir LA administration in Phase
II and Phase III studies. In addition, the effect of UGT1A1 and UGT1A9 vari-
ation on maximum on-treatment changes from baseline in ALT and total
bilirubin (Tbili) was also assessed in a subset of LATTE participants receiving
oral cabotegravir at any dose up to Week 72 in the induction and mainten-
ance phases.

Analysis 2 was conducted later in a subset of Analysis 1 patients from
the LATTE-2 study, after additional PK data became available following par-
enteral dosing during the maintenance phase of LATTE-2. The primary ob-
jective of this analysis was to evaluate the effect of UGT1A1 variants on
steady-state cabotegravir LA exposure following IM administration with ril-
pivirine LA every 4 or 8 weeks. A descriptive comparison of the effects of
UGT1A1 genotype on cabotegravir LA trough concentrations and oral cabo-
tegravir trough concentrations in the same study was also conducted.

UGT genotyping and activity prediction
UGT1A1 and UGT1A9 genotyping was performed on stored samples from
PGx-consented subjects. Germline DNA was extracted from peripheral ven-
ous blood by Quest Diagnostics (Valencia, CA, USA or Heston, UK) using the
Gentra Puregene Blood Kit on the QIAGEN Autopure LS automated genomic
DNA purification platform (QIAGEN, Valencia, CA, USA).

Genotyping was performed by the Bioprocessing Solutions Alliance
(BSA) under Brooks Automation Inc. (Piscataway, NJ, USA) using both the
Affymetrix AxiomVR Biobank Plus GSK custom array and TaqManVR Assay for
the UGT1A1*6 allele (rs4148323), GeneScanVR for the UGT1A1*28, *36 and
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*37 alleles (TA5/6/7/8 repeat polymorphism rs8175347) and Sanger
sequencing for UGT1A9*1b (rs3832043; Thermo Fisher Scientific, Waltham,
MA, USA). All genotype determinations and quality control were performed
in accordance with the manufacturers’ protocols. Departure from the
Hardy–Weinberg equilibrium was not observed in Caucasians (n = 209) for
the genetic variants in the analyses.

Relative enzymatic activity for UGT1A1 and UGT1A9 was estimated
semi-quantitatively from allelic carriage. Normal UGT1A1 function was
assumed where UGT1A1*6, *28 or *37 were not present. Subjects with a sin-
gle copy of any of these alleles were classed as having reduced UGT1A1
function; homozygous or compound heterozygous carriage of any two was
classed as low functioning. UGT1A1*36 (TA5), a promotor deletion asso-
ciated with African populations that slightly elevates mRNA transcrip-
tion,18 was assessed in the same screening assay as the *28 (TA7) and
*37 (TA8) promotor variants. Due to the anticipated minor effects of
UGT1A1*36, this was considered a WT allele and grouped with the *1
(TA6) WT allele for prediction of UGT1A1 function as described above.
UGT1A9-mediated metabolism was considered normal in the absence
of UGT1A9*1b, intermediate for heterozygous carriage of *1b and fast
for homozygous carriage.

PK and safety assessments
All PGx-consented participants included in the analyses had genetic data
for UGT1A1 or UGT1A9 and clinical PK and/or safety data available at the
time of analysis. PK parameters included on-treatment steady-state values
for plasma cabotegravir concentration at the end of the dosing interval
(Ctau), Cmax and the area under the concentration–time curve over the dos-
ing interval (AUCtau).

For oral cabotegravir, all three PK parameters were assessed in Phase I
studies. Ctau was assessed in both Phase II studies and was limited to
patients receiving cabotegravir 30 mg during the oral induction period.
Sampling time varied between the six studies but was not earlier than Day
8 to ensure steady-state conditions were maintained.

For cabotegravir LA, both the 4 weekly and 8 weekly dosing groups in
LATTE-2 were included. Mean plasma cabotegravir concentrations were
plotted by visit for each UGT1A1 activity stratum. Exposure parameters
were assessed at Weeks 32 and 48 of IM dosing and included the individual
average cabotegravir trough concentrations (Ctau and pre-dose concentra-
tion) across the dosing interval (Cavgi), in addition to Ctau, Cmax and AUCtau.
AUCtau for 4 weekly dosing was determined from three samples (pre-dose,
1 week post-dose and Ctau) taken over the Week 24–28 dosing interval for
Week 32 AUCtau, or over the Week 40–44 interval for Week 48 AUCtau. For
8 weekly dosing, AUCtau was determined from four PK samples (pre-dose, 1
and 4 weeks post-dose, and Ctau) taken over the Week 24–32 or the Week
40–48 intervals. In addition, final oral trough concentrations (Ctau) in the in-
duction period were also assessed in those who went on to receive cabote-
gravir LA and compared graphically to cabotegravir LA troughs at Weeks 32
and 48.

Plasma cabotegravir was measured using a validated LC-MS assay with
a lower limit of quantification of 10 ng/mL for all studies except LATTE-2
(25 ng/mL). Exposure parameters were calculated using non-
compartmental methods in Phoenix WinNonlin 6.3 (Certara Corporation,
Princeton, NJ, USA).

Safety endpoints assessed in the LATTE study were maximum on-
treatment change from baseline in ALT and Tbili irrespective of cabotegravir
dose. Serum ALT and Tbili were measured centrally as previously described4

and converted into multiples of the laboratory upper limit of normal (ULN).

Table 1. Subjects and studies included in the pooled analysis of oral cabotegravir

Study Phase Purpose of study

No. of subjects with PGx and PK data

Ctau AUCtau Cmax

NCT0314984833 I Drug interaction evaluation between rifabutin and

oral cabotegravir in healthy volunteers.

11 11 11

NCT0146753134 I Drug interaction evaluation between oral rilpivirine

and oral cabotegravir or dolutegravir in healthy

volunteers.

9 9 9

NCT0159304635 I Safety and pharmacokinetics of cabotegravir LA

and rilpivirine LA following an oral lead-in, in

healthy volunteers.

31 31 31

NCT01754116a I Bioavailability of different formulations of LA par-

enteral cabotegravir, following an oral lead-in,

in healthy volunteers.

9 9 9

NCT01641809 (LATTE)36 II Dose-ranging study of oral cabotegravir plus oral

rilpivirine maintenance following induction with

oral cabotegravir and nucleoside analogues in

treatment-naive HIV-infected patients. The PK

analysis was limited to patients who received

30 mg cabotegravir.

49 0 0

NCT02120352 (LATTE-2)37 II Study of 4 weekly versus 8 weekly maintenance

dosing of cabotegravir LA plus rilpivirine LA

following induction with oral cabotegravir and

nucleoside analogues in treatment-naive HIV-

infected patients.

238 0 0

Totals 347 60 60

aDetails available at the ViiV Healthcare Clinical Study Register: https://www.viiv-studyregister.com/study/19569.
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Analyses
Linear regression was used to evaluate both PK and liver chemistry associa-
tions with predicted UGT activity. Independent variables were evaluated for
inclusion to adjust for non-genetic effects (Table S1, available as
Supplementary data at JAC Online) and included in the final model if the P
value of association was <0.05. Normal distribution was assessed for each
endpoint and those not approximately normal were log-transformed to
correct for skewness. Analyses were run for each endpoint and each genet-
ically predicted activity level. The main effect of genotype was modelled
with UGT functional classifications as an additive variable (normal: 0;
reduced/intermediate: 1; low/fast: 2). P values were reported for each ana-
lysis without correction for multiple testing.

Although UGT1A9 genotype data were available for LATTE-2, UGT1A9
associations were not assessed in Analysis 2 as UGT1A9 was not associated
with change in Tbili after accounting for predicted UGT1A1 activity (see
below).

Results

Pooled analysis of oral cabotegravir

Overall, 347 participants (60 healthy volunteers and 287 HIV-
infected patients) who received oral cabotegravir 30 mg once daily
in six studies had available PK data and PGx consent, from whom
Ctau data were available for all 347 and Cmax and AUCtau for 60 par-
ticipants each (Table 1). Participants were predominantly male
(88%), HIV-infected (83%) and had a mean age of 36 years (range
19–64); 19% were black or African American and 17% were
Hispanic or Latino. Table S2 shows baseline characteristics for both
analysis populations.

All 347 had UGT1A9 genotype data and were included in the
UGT1A9 analyses; one lacked a UGT1A1 genotype and was
excluded from the UGT1A1 analyses, resulting in a UGT1A1 PGx-PK
dataset of 346 for Ctau and 59 each for Cmax and AUCtau. Of 181
participants overall in LATTE who received oral cabotegravir at any

dose, 163 were PGx-consented and had UGT genotype data and
were therefore assessed for ALT and Tbili.

Overall, 218/346 (63.0%) participants in the UGT1A1 PGx-PK
dataset carried functional polymorphisms in UGT1A1; 209/346
(60.4%) carried one or two copies of UGT1A1*28, 3/346 (0.9%) car-
ried one or two copies of UGT1A1*6 and 12/346 (3.5%) carried one
copy of UGT1A1*37. UGT1A1 activity was ‘reduced’ in 162/346
(46.8%) and ‘low’ in 56/346 (16.2%). The distribution of UGT1A1
alleles is shown in Table 2.

In the UGT1A9 PGx-PK dataset, 227 (65.4%) carried UGT1A9*1b;
163 (47.0%) were *1/*1b heterozygotes (‘intermediate’ activity)
and 64 (18.4%) were *1b/*1b homozygotes (‘fast’ activity). The
remaining 120 (34.6%) were *1/*1 homozygotes with normal pre-
dicted activity.

Table 2. Allele distribution and predicted UGT1A1 activity in 346 subjects
with UGT1A1 genotype data

Allelic carriage

Predicted UGT1A1 activity, n (%)

normal reduced low

*1/*1 (WT) 119 (34.4)

*1/*36 9 (2.6)

*1/*28 150 (43.4)

*1/*37 6 (1.7)

*36/*28 4 (1.2)

*1/*6 2 (0.6)

*28/*28 49 (14.2)

*28/*37 6 (1.7)

*6/*6 1 (0.3)

Totals 128 (37.0) 162 (46.8) 56 (16.2)

Table 3. Effect of predicted UGT1A1 activity on steady-state exposure to oral cabotegravir 30 mg/day in pooled analyses of six Phase I and II studies
and maximum on-treatment changes in Tbili and ALT in the LATTE study (all patients)

Endpoint Total N

Association of genetically
predicted UGT1A1

activity with endpoint
Mean [n] (range) by predicted

UGT1A1 activity stratum
Fold-change in
exposure (low
versus normal)P value

parameter
estimate (SE) normal reduced low

Ctau (lg/mL) 346 4.89%10–11 0.19 (0.03) 4.03 [128]

(1.02–8.51)

4.72 [162]

(1.06–19.30)

6.06 [56]

(1.49–12.60)

1.50

AUCtau (h�lg/mL) 59 0.0013 20.03 (5.89) 131.43 [24]

(81.88–192.82)

156.44 [26]

(89.31–217.46)

185.10 [9]

(84.12–233.49)

1.41

Cmax (lg/mL) 59 0.0213 0.78 (0.33) 7.64 [24]

(4.21–11.30)

8.62 [26]

(4.73–11.40)

9.75 [9]

(5.40–13.00)

1.28

Maximum change from baseline (%ULN)

Tbili 163a 7.97%10–6 0.13 (0.03) 0.20 [56]

(#0.09 to 0.55)

0.28 [82]

(#0.55 to 0.91)

0.49 [25]

(#0.27 to 1.27)

2.45

ALT 163a 0.6674 #0.03 (0.06) 0.60 [56]

(#0.19 to 10.56)

0.57 [82]

(#0.48 to 8.67)

0.41 [25]

(#0.02 to 1.35)

0.68

BL, baseline; SE, standard error.
aThe analyses of changes in Tbili and ALT include patients who received 10, 30 and 60 mg oral cabotegravir.
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Non-genetic covariates (P < 0.05) in the final linear regression
models of oral cabotegravir Ctau, AUCtau and Cmax were study and
subject weight and, for Ctau only, subject age. For the maximum
on-treatment change from baseline in ALT and Tbili in LATTE, no
non-genetic variable reached a P < 0.05 level of association and
none were included in the models. Both Ctau and ALT changes
were modelled using log-transformed data due to non-normal
distribution. Other parameters were modelled without
transformation.

Predicted UGT1A1 enzymatic activity was significantly associ-
ated with modelled 30 mg oral cabotegravir exposure parameters
(P�0.021) and maximum on-treatment change from baseline in
Tbili (P = 7.97%10#6); however, there was no significant association
with the maximum change in ALT (Table 3). Low UGT1A1 activity
increased oral cabotegravir exposure by 28% to 50% relative to
normal activity, with the largest increase observed for Ctau. Low
UGT1A1 activity also resulted in a 2.45-fold increase in maximum
on-treatment change from baseline in Tbili compared with normal
activity.

There were too few carriers of UGT1A1*6 and UGT1A1*37 to
compare effect size between alleles. However, individual Ctau for
UGT1A1*37 and UGT1A1*6 carriers fell within the range of observa-
tions for UGT1A1*28 (Figure 1a). PK data for the nine participants
heterozygous for *1/*36 were within the range for those homozy-
gous for the *1 WT (Figure 1a).

In total, 5/163 participants with Tbili data had on-treatment
increases of 1.5% ULN or greater; all had reduced (n = 1) or low
(n = 4) predicted UGT1A1 activity (Figure 1b); none experienced a
maximum on-treatment ALT elevation �3% ULN. The largest in-
crease in Tbili observed was 2.27% ULN in an individual with low
predicted UGT1A1 activity, a grade 2 increase of 0.91% ULN over
their baseline level of 1.36%ULN.

Predicted enzymatic activity for UGT1A9 was not significantly
associated with any exposure measure or ALT change. A P = 0.041
association with change in Tbili initially observed ceased to be sig-
nificant (P = 0.448) after adjustment of the model for predicted
UGT1A1 activity (Table 4), indicating that the initial association
may be due to correlated genetic variations in UGT1A1 and
UGT1A9 (P = 0.35 for Pearson product-moment correlation
coefficient).

Analysis of cabotegravir LA (LATTE-2)

Final oral Ctau data at the end of the induction period were avail-
able from 223 PGx-consented participants who subsequently
received cabotegravir LA plus rilpivirine LA every 4 or 8 weeks. Of
these, cabotegravir LA parameters were available for 215 at Week
32 (4 weekly: 105; 8 weekly: 110) and 213 at Week 48 (4 weekly:
103; 8 weekly: 110). Across the maintenance period, there was lit-
tle difference between the cabotegravir LA concentration–time
profiles of those with normal predicted UGT1A1 activity and those
with reduced activity, while consistent but modest elevations in
cabotegravir were seen for those with low predicted activity
(Figure 2).

Non-genetic covariates in the final linear regression models of
cabotegravir LA exposure included subject weight and dosing regi-
men for Ctau, AUCtau and Cavgi, and subject weight alone for Cmax.
All parameter distributions were approximately normal and no
log-transformation was performed.

Predicted UGT1A1 activity was significantly associated with all
cabotegravir LA exposure parameters at Weeks 32 (Table S3) and
48 (Table 5), with a 16%–24% increase in the value of each for
low-versus-normal activity at Week 48. These changes in Cmax,
AUCtau and Ctau were numerically smaller than those for oral cabo-
tegravir (Table 3) in the pooled analysis (21%–56% smaller fold-
change for low-versus-normal predicted UGT1A1 activity at Week
48). Longitudinal intra-study data from LATTE-2 also show a nu-
merically smaller effect of low-versus-normal predicted UGT1A1
activity on cabotegravir trough concentrations for parenteral
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Figure 1. Box and whiskers plot showing the effects of predicted
UGT1A1 activity on (a) steady-state cabotegravir trough concentrations
in pooled data from subjects receiving oral cabotegravir 30 mg/day; and
(b) maximum on-treatment Tbili from subjects receiving oral cabotegravir
10, 30 or 60 mg/day in the LATTE study (NCT01641809). Boxes represent
the range between the 25th and 75th percentiles, the horizontal lines
within the boxes show medians and whiskers show the 5th and 95th
percentiles. Panel (a) pale closed circles, UGT1A1*1 homozygotes; dark
closed circles, UGT1A1*36 carriers; plus symbols, UGT1A1*6 carriers;
asterisks, UGT1A1*37 carriers.
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dosing compared with the last oral lead-in trough observed in the
same treatment group, particularly on the 4 weekly schedule
(Figure 3). In the 4 weekly group the low-versus-normal fold-
change between mean cabotegravir trough concentrations at
Week 48 of LA dosing was 1.42 (3.56 versus 2.51 lg/mL) com-
pared with 1.57 for the last oral trough on Day 1 (6.11 versus
3.88 lg/mL); in the 8 weekly arm, the Week 48 fold-change was
1.15 (1.66 versus 1.44 lg/mL) compared with 1.19 on Day 1
(5.10 versus 4.28 lg/mL).

Discussion

Homozygous or heterozygous carriage of UGT1A1*6, *28 or *37
was associated with modest elevations in steady-state cabotegra-
vir exposure for both oral and IM administration. These increases
appeared higher for oral dosing in cross-sectional pooled data
from six studies (28%–50%) than for IM administration in the
LATTE-2 study (16%–24% across all parameters). Longitudinal
data from LATTE-2 also suggested a similar or numerically lower
effect of low predicted UGT1A1 activity on cabotegravir LA troughs
compared with oral dosing in the same patients. Although the cav-
eat applies that no statistical testing was performed, these data
are consistent with a supposition that sustained drug delivery from
the IM depot may partially mitigate the impact of reduced meta-
bolic clearance compared with the more rapid peak–trough cycling
associated with oral administration. These results are of relevance
given that there is little information about the influence of meta-
bolic variation on exposure to LA compounds and that metabolic
enzyme genotyping is not routinely conducted in clinical practice.
Not unexpectedly, UGT1A9*1b-associated functional elevations in
the minor UGT1A9 pathway had no statistically relevant independ-
ent effect on oral systemic exposure and so were not evaluated for
IM dosing.

Table 4. Effect of predicted UGT1A9 activity on steady-state exposure to oral cabotegravir 30 mg/day in pooled analyses of six Phase I and II studies,
and maximum on-treatment changes in Tbili and ALT in the LATTE study (all patients)

Endpoint Total n

Association of genetically
predicted UGT1A9

activity with endpoint
Mean [n] (range) by predicted

UGT1A9 activity stratum
Fold-change in
exposure (fast
versus normal)P value

parameter
estimate (SE) normal intermediate fast

Ctau (lg/mL) 347 0.6374 0.01 (0.03) 4.68 [120]

(1.06–9.99)

4.72 [162]

(1.02–19.30)

4.60 [65]

(1.75–9.51)

0.98

AUCtau (h�lg/mL) 60 0.9108 #0.77 (6.80) 148.93 [19]

(84.12–222.37)

150.69 [33]

(81.88–233.49)

155.58 [8]

(103.89–217.46)

1.04

Cmax (lg/mL) 60 0.8060 #0.09 (0.36) 8.25 [19]

(4.73–12.00)

8.46 [33]

(4.21–13.00)

8.52 [8]

(6.13–10.90)

1.03

Change from BL (%ULN)

Tbili 163a 0.0412b 0.06 (0.03) 0.35 [56]

(#0.18 to 1.27)

0.26 [73]

(#0.55 to 0.91)

0.24 [34]

(#0.90 to 0.55)

0.69

ALT 163a 0.3823 #0.05 (0.06) 0.40 [56]

(#0.42 to 2.27)

0.63 [73]

(#0.48 to 10.56)

0.67 [34]

(#0.21 to 8.67)

1.68

BL, baseline; SE, standard error.
aThe analyses of changes in Tbili and ALT include patients who received 10, 30 and 60 mg oral cabotegravir.
bNo longer significant (P = 0.4481) after accounting for UGT1A1 genetic variation within the model.
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Figure 2. Mean (±95% CI) plasma cabotegravir concentrations by visit in
the LATTE-2 study among subjects receiving parenteral cabotegravir LA
plus rilpivirine LA maintenance (a) every 4 weeks (400 mg cabotegravir)
or (b) every 8 weeks (600 mg cabotegravir) after suppressive treatment
on daily oral cabotegravir and nucleoside analogues, according to nor-
mal, reduced or low predicted UGT1A1 activity. CAB, cabotegravir.
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Based on accumulated safety data for cabotegravir across its
development programme, these modest elevations in exposure
parameters of 28%–50% (oral) and 16%–24% (parenteral) are not
anticipated to be clinically relevant. Of note, elevations in oral
AUCtau (41%) and Cmax (28%) associated with low predicted
UGT1A1 activity are comparable to data for oral dolutegravir
50 mg/day, a structural analogue of cabotegravir also predomin-
antly metabolized by UGT1A1, though with a notable (�30%) con-
tribution by cytochrome P450 3A4.38 Using the same allele and
activity definitions as herein, a 46% increase in dolutegravir AUCtau

and a 32% increase in Cmax was associated with low UGT1A1 activ-
ity.39 As with cabotegravir, accumulated safety data for dolutegra-
vir did not indicate any clinical significance for these increases.

On-treatment Tbili increases were associated with reduced
or low UGT1A1 function among 163 participants receiving oral cab-
otegravir, including a small number (n = 5) with moderate (grade
2) elevations above 1.5% ULN. These elevations were clinically
asymptomatic, resolved spontaneously and were not accompa-
nied by ALT elevations suggestive of drug-induced liver injury.
The elevations are of interest because cabotegravir does not
functionally affect UGT1A1 expression or activity7 and on-
treatment hyperbilirubinaemia associated with reduced UGT1A1
function is most commonly seen with UGT1A1 inhibitors such as
atazanavir,25 tranilast27 or pazopanib.26,28 However, an increased
risk of hyperbilirubinaemia associated with UGT1A1*6, *28 and/or
*37 was previously observed during treatment with sunitinib,26 a
tyrosine kinase inhibitor neither inhibitory towards, nor significantly
metabolized by, UGT1A1.40,41

It has been suggested that this hyperbilirubinaemia with suniti-
nib may have represented a benign manifestation of Gilbert’s syn-
drome26,42 and it is likely that the grade 2 Tbili elevations in the
current analyses also reflected, at least in part, an underlying
Gilbert’s condition. However, unlike sunitinib, cabotegravir is a sub-
strate for UGT1A1 and on-treatment bilirubin changes across the
entire group with low predicted UGT1A1 function were significantly
larger than in the group with normal activity. Thus a general effect,

Table 5. Effect of predicted UGT1A1 activity on exposure to parenteral cabotegravir LA (400 mg every 4 weeks or 600 mg every 8 weeks) at Week 48
of the cabotegravir LA! rilpivirine LA maintenance phase of LATTE-2 (NCT02120352)

Endpoint Total n

Association of genetically
predicted UGT1A1

activity with endpoint
Mean [n] (range) by predicted

UGT1A1 activity stratum
Fold-change in
exposure (low

vs normal)P value
parameter

estimate (SE) normal reduced low

Ctau (lg/mL) 159 0.0037 0.26 (0.10) 1.88 [61]

(0–5.13)

2.19 [75]

(0.19–5.49)

2.32 [23]

(0–6.11)

1.24

AUCtau

(h�lg/mL)

212 0.0162 250.10 (116.08) 2696 [81]

(323–9755)

2762 [99]

(277–9288)

3133 [32]

(1230–6256)

1.16

Cmax (lg/mL) 212 0.0047 0.41 (0.16) 3.53 [81]

(1.56–8.08)

3.78 [99]

(1.03–10.5)

4.16 [32]

(1.66–11.5)

1.18

Cavgi (lg/mL) 204 0.0094 0.19 (0.08) 2.01 [78]

(0.46–4.51)

2.12 [95]

(0.41–4.27)

2.33 [31]

(0–6.73)

1.16

SE, standard error.
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Figure 3. Trough cabotegravir concentrations for oral versus IM adminis-
tration according to predicted UGT1A1 activity in subjects from LATTE-2
(NCT02120352) for (a) IM administration every 4 weeks and (b) IM ad-
ministration every 8 weeks. L, low predicted UGT1A1 activity; N, normal
predicted UGT1A1 activity; R, reduced predicted UGT1A1 activity. On Day
1, oral cabotegravir trough was assessed 20–28 h after the last oral cab-
otegravir 30 mg dose taken at home. Boxes represent the range between
the 25th and 75th percentiles, the horizontal lines within the boxes show
medians and whiskers show the 5th and 95th percentiles.
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such as substrate competition between cabotegravir and bilirubin
for weakly active UGT1A1, may also have contributed to the five
asymptomatic grade 2 bilirubin elevations.

Study limitations include the retrospective nature of this PGx
evaluation that used data from only a subset of participating trial
subjects with optional PGx consent. The analyses were conducted
using data from multiple clinical trials, none of which was designed
for specific PGx assessments (or sample size considerations).
However, the pooled sample size was large compared with most
published PGx-PK analyses and represents a racially diverse popu-
lation. While the representation of some UGT1A1 alleles of interest
was limited, consistent with their population frequency, the ana-
lysis population included 56 individuals with low predicted UGT1A1
enzyme activity and a further 162 with reduced predicted activity
for a robust analysis.

In conclusion, functional reduction of UGT1A1 metabolic cap-
acity associated with carriage of the Gilbert’s syndrome-
associated alleles UGT1A1*6, UGT1A1*28 and/or UGT1A1*37 mod-
estly increased exposure to cabotegravir administered either orally
or as an LA injection. These increases are not anticipated to be clin-
ically relevant and do not require dose or administration schedule
adjustments.
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