
Safety, Tolerability, Pharmacokinetics, and Acceptability of Oral
and Long-Acting Cabotegravir in HIV-Negative Chinese Men

Kelong Han,a Paul Wannamaker,b Hongzhou Lu,c Biao Zhu,d Meixia Wang,e Melanie Paff,a William R. Spreen,b Susan L. Fordf

aGlaxoSmithKline, Collegeville, Pennsylvania, USA
bViiV Healthcare, Research Triangle Park, North Carolina, USA
cShanghai Public Health Clinical Center, Fudan University, Shanghai, China
dThe First Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou, China
eState Drug Clinical Trial Institution, Beijing Youan Hospital, Capital Medical University, Beijing, China
fGlaxoSmithKline, Research Triangle Park, North Carolina, USA

ABSTRACT Long-acting (LA) cabotegravir demonstrated superior efficacy versus
daily oral standard-of-care for HIV-1 preexposure prophylaxis. This phase 1 study
assessed safety, tolerability, pharmacokinetics, and acceptability of cabotegravir in 47
HIV-negative adult Chinese men at low risk of acquiring HIV-1. Participants received
once-daily oral cabotegravir 30 mg for 4 weeks and, after a 1-week washout, five
600-mg (3-mL) intramuscular cabotegravir LA injections at weeks 5, 9, 17, 25, and 33.
Pharmacokinetic plasma samples were intensively collected on day 27 (n = 17) and
sparsely collected before each injection until 56 weeks after final injection (n = 47).
Cabotegravir LA injections were acceptable and well tolerated. Common adverse
events included injection site pain, injection site swelling, and upper respiratory tract
infection. No drug-related serious adverse events or deaths occurred. Mean cabote-
gravir concentration remained above 1.33 mg/mL (8� in vitro protein-adjusted con-
centration for 90% of the maximum inhibition of viral growth [PA-IC90]) before each
injection and above 0.166 mg/mL (PA-IC90) for .32 weeks after final injection.
Trough concentrations remained above PA-IC90 in nearly all participants and showed
minimal accumulation. Noncompartmental pharmacokinetic analysis was performed.
Geometric mean of terminal half-life was 1.89 and 47 days after oral and LA dosing,
respectively. Cabotegravir concentrations were estimated to remain quantifiable for
48.7 weeks after final injection. Steady-state area under the concentration-time curve
(AUC), peak concentration, trough concentration, terminal half-life, time to peak con-
centration, and apparent clearance after cabotegravir oral and LA dosing were simi-
lar to those estimated in non-Asian men in historical studies. These results support
further clinical development of cabotegravir LA in China. (This study has been regis-
tered at ClinicalTrials.gov under registration no. NCT03422172.)
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In 2020, approximately 38 million people were living with HIV globally, and an esti-
mated 1.5 million people acquired HIV (1). Preventing transmission has long been im-

portant for controlling the AIDS epidemic, and preexposure prophylaxis (PrEP) has
emerged as a key prevention strategy. The following two oral PrEP regimens were
approved before the approval of cabotegravir long-acting (LA) for PrEP: tenofovir diso-
proxil fumarate plus emtricitabine (TDF/FTC) and tenofovir alafenamide plus emtricita-
bine (TAF/FTC) (2–5). Despite the availability of these daily oral PrEP options, rates of
uptake and adherence have been suboptimal, especially among those at highest risk
of acquiring HIV, thus limiting effectiveness (6–10).
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The integrase strand transfer inhibitor cabotegravir is formulated as an LA injectable
and offers an alternative to daily oral PrEP, requiring less frequent dosing and thereby
possibly reducing challenges associated with adherence to a daily regimen.
Cabotegravir LA 600 mg as a single agent administered intramuscularly (i.m.) every
8 weeks demonstrated superior efficacy to daily oral TDF/FTC for PrEP in cisgender
men and transgender women who have sex with men (11) and in cisgender women
(12) at high risk of acquiring HIV-1 through sexual transmission in two global, double-
blind, double-dummy phase 3 studies including 7,790 participants (11, 12) and has
been approved in the United States for use in adults and adolescents weighing
$35 kg.

Rates of uptake and adherence to oral PrEP regimens among men who have sex
with men in China have been low despite the increasing incidence of HIV-1 in this pop-
ulation as well as in China overall (13–18). However, cabotegravir has not been studied
in China. It was considered important to evaluate cabotegravir safety and pharmacoki-
netics (PK) in Chinese participants because cabotegravir plasma PK may be impacted
by intrinsic and extrinsic differences (e.g., body weight and habitus), possibly affecting
absorption from the injection site and elimination from the systemic circulation.

Cabotegravir is a substrate of uridine 59-diphosphosphate glucuronosyltransferase
(UGT) and is primarily metabolized by UGT1A1 (19, 20). UGT1A1 polymorphisms identi-
fied in study participants that confer low predicted metabolic activity, specifically two
copies of *28, *37, and *6 variants, were associated with a clinically nonsignificant
increase in cabotegravir plasma concentrations after oral (28% to 50%) and LA admin-
istration (16% to 24%) compared with the UGT1A1 wild-type (*1) allele (21). Expression
of UGT1A1 polymorphisms varies by ethnicity, with estimated UGT1A1*28 allele fre-
quencies of 26% to 31% in Caucasians and 42% to 56% in African Americans;
UGT1A1*36 and *37 alleles are primarily observed in African populations, with esti-
mated frequencies of 3% to 10% and 2% to 7%, respectively; and the estimated fre-
quency of the UGT1A1*6 allele is 23% among Chinese populations (22).

In addition, historical studies and population PK analysis have demonstrated that
body weight and body mass index (BMI) are associated with cabotegravir plasma PK
(23), while lower body weight and BMI have been observed in the Chinese population
compared with Western populations (e.g., the United States) (24, 25). Lower body
weight is associated with lower cabotegravir clearance and, therefore, higher plasma
concentrations (23). Lower BMI is associated with faster cabotegravir LA absorption
from the injection site and, therefore, higher peak concentrations, as observed in the
phase 2 cabotegravir PrEP studies ECLAIR (ClinicalTrials.gov identifier, NCT02076178)
(26, 27) and HPTN 077 (ClinicalTrials.gov identifier, NCT02178800) (28, 29). Despite the
potential differences in LA absorption and elimination in the Chinese population
resulting from lower body weight and/or lower BMI, the impact on cabotegravir
plasma PK is expected to be minimal, with no dose adjustment required.

For these reasons, it is important to evaluate safety and plasma PK after cabotegravir oral
and LA administration in the Chinese population. Herein, we report the safety, tolerability,
PK, and acceptability of cabotegravir after oral and LA administration in HIV-negative adult
Chinese men who are at low risk of HIV-1 acquisition (ClinicalTrials.gov identifier, NCT03422172).

RESULTS
Study population and baseline characteristics. Of 64 individuals screened, 48

were enrolled, 47 completed the oral phase and received the first cabotegravir LA
injection, 44 received the final injection, and 37 provided all safety and PK samples in
the follow-up phase through week 89. In addition to the 37 participants who provided
all safety and PK samples, five participants completed the final visit during the follow-
up phase remotely without providing safety and PK samples due to the COVID-19 pan-
demic. The week 89 visit was delayed in 12 participants. One participant withdrew
during the oral phase due to an adverse event (AE), and four withdrew during the
injection phase (withdrawn consent, n = 3; lost to follow-up, n = 1). Of those enrolled,

Han et al. Antimicrobial Agents and Chemotherapy

March 2022 Volume 66 Issue 3 e02057-21 aac.asm.org 2

https://aac.asm.org


mean (range) age was 31 (20 to 53) years, mean (range) weight was 68.5 (47.5 to 91.5)
kg, and mean (range) BMI was 23.3 (17.6 to 27.6) kg/m2.

Safety. All 47 participants in the injection phase reported at least one AE of injec-
tion site pain during the study. The most commonly reported AEs related to injection
site reactions (ISRs) in $10% of participants were injection site pain (100%, n = 47;
grade $2 severity, 38%, n = 18) and injection site swelling (47%, n = 22; grade $2 se-
verity, 4%, n = 2). Among all 48 participants, the most commonly reported AEs not
related to ISRs ($10%) were upper respiratory tract infection (46%, n = 22; 3/22 had
grade 2 events that occurred during the injection phase), pyrexia (21%, n = 10; 4/10
had grade 2 events that occurred 4 to 55 days postinjection and 9/10 had grade 1
events that occurred primarily 2 to 6 days postinjection with the exception of two
events that occurred 146 and 338 days postinjection during the follow-up phase),
cough (10%, n = 5), headache (10%, n = 5), and increased alanine aminotransferase
(ALT) (10%, n = 5).

Grade 1 ALT elevation (1.25 to 2.5� upper limit of normal [ULN]) occurred in four
participants (maximum observed individual ALT values of 60 to 80 IU/L). Grade 2 ALT
elevation (2.5 to,5� ULN) occurred at week 65 (32 weeks after injection 5) in one par-
ticipant (observed ALT value of 104 IU/L), who also experienced grade 1 ALT elevations
at screening and weeks 9, 25, 33, 41, 77, and 89 (observed ALT values of 52 to 65 IU/L).

In the oral phase, no participants reported grade $ 3 AEs; six (13%) participants in the
injection phase and eight (17%) in the follow-up phase reported grade$ 3 AEs, all of which
were grade 3. Grade $2 drug-related AEs observed in .5% of participants in the injection
phase were injection site pain (38%), pyrexia (6%), and upper respiratory tract infection (6%).

One participant in the oral phase experienced AEs that were considered related to treat-
ment, which led to discontinuation of cabotegravir and study withdrawal. This participant
experienced two nonserious AEs of nausea and vomiting (both grade 1) that resolved
1 day after onset. One participant experienced one serious AE (postprocedural hemorrhage
after augmentation rhinoplasty that required hospitalization) during the injection phase;
this event was not considered treatment related by the investigator, the event resolved,
and the participant continued in the study. One participant was reported as having two
grade 1 AEs of special interest (AESIs) of hepatic calcification and hepatic steatosis with con-
current cholelithiasis 16 days after receiving injection 2 that were considered treatment
related; the participant completed the study, and the events were reported as not resolved.
Additionally, during the injection phase, one participant experienced one grade 2 AESI of
face swelling at the left cheek 16 days after receiving injection 3, which was considered
treatment related; the event resolved within 3 days, and the participant completed the
study. There were no drug-related serious AEs or deaths during the study.

Pharmacokinetics. Intensive PK data after oral dosing were collected in 17 partici-
pants (Fig. 1). After oral administration, cabotegravir was rapidly absorbed with a me-
dian time of occurrence of maximum observed concentration (Tmax) of 2 h postdose
(Table 1). Subsequently, cabotegravir plasma concentration declined over time in a
biphasic manner (Fig. 1). The geometric mean of terminal half-life (t1/2) was 1.89 days.
Trough cabotegravir plasma concentrations were above 8� in vitro protein-adjusted
concentration resulting in 90% of the maximum inhibition of viral growth for cabote-
gravir (PA-IC90) in all participants.

Sparse PK data after LA dosing are shown in Fig. 2. After LA administration, the
plasma cabotegravir concentration-time profile was characterized by a slow absorption
phase and a prolonged terminal elimination phase. Median Tmax was 7 days postdose
(Table 1). Trough cabotegravir plasma concentrations were similar after injections 2 to
5, indicating minimal accumulation in cabotegravir plasma concentrations after the
second injection. The geometric mean of the terminal t1/2 after the final injection (fifth
injection), including the follow-up phase, was 47 days. The median time from the final
injection to the time when cabotegravir plasma concentration decreased to lower limit
of quantitation (LLOQ) was calculated to be 48.7 weeks (Fig. 3).

Geometric mean of steady-state maximum observed concentration (Cmax) after oral
administration (10.4 mg/mL) was 2.8-fold of that after LA administration (3.7 mg/mL),
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consistent with the 2.8-fold higher daily oral dose of 30 mg compared with the estimated
injected average daily dose of 10.7 mg (600 mg divided by 56 days). Similarly, when nor-
malized to daily dose, steady-state area under the plasma concentration-time curve over
the dosing interval (AUC0-t) after oral administration (6.37 h � mg/mL per day) was similar
to that after LA administration (5.74 h � mg/mL per day). Mean and median cabotegravir
plasma concentrations were maintained above 1.33 mg/mL (8� PA-IC90), and the lower
boundary of the standard deviation (SD) exceeded 4� PA-IC90 at all visits in the injection
phase through week 41, the trough after the fifth injection at week 33.

The proportion of participants with cabotegravir at trough and concentrations in
the follow-up phase above various thresholds by visit are shown in Fig. 4. During the
injection phase, plasma concentration at trough was above PA-IC90 (0.166 mg/mL)
across visits in all participants, except for one participant with a concentration of ,1�
PA-IC90 at week 17 before injection 3 (Fig. 4). Plasma trough was above 4� and 8� PA-
IC90 in .87% and .63% of all participants, respectively. During the follow-up phase, at
week 53 (i.e., 20 weeks after the final injection), 29% (12/42) of participants had cabote-

TABLE 1 Summary of repeat dose cabotegravir plasma PK parameters by route of
administrationa

PK parameterb
CAB oral (30 mg daily)
on day 27 (n = 17)

CAB LA i.m. after injection
5 (wk 33) (n = 44)c

Cmax (mg/mL) 10.4 (19.5) [9.46–11.5] 3.73 (66.1) [3.11–4.48]
AUC0-t (h �mg/mL) 191.1 (20.5) [172–212] 3443 (41.1) [3,049–3,887]d

Trough concentration (mg/mL) 6.81 (26.8) [5.95–7.79] 1.58 (43.1) [1.39–1.80]
Tmax, median (range) (h) 2.00 (0.983–4.00) 167 (0.00–765)
t1/2 (days) 1.89 (20.5) [1.70–2.09] 47.0 (71.2) [38.4–57.6]e

CL/F (L/h) 0.157 (20.5) [0.141–0.174] 0.174 (41.1) [0.154–0.197]d

Vz/F (L) 10.3 (17.8) [9.36–11.2] NR
aAUC0-t, area under the plasma concentration-time curve over the dosing interval; CAB, cabotegravir; CI,
confidence interval; CL/F, apparent clearance after oral dosing; Cmax, maximum observed concentration; %CVb,
between-participant coefficient of variation; i.m., intramuscular; LA, long-acting; NR, not reported; PK,
pharmacokinetic(s); t1/2, terminal half-life; Tmax, time of occurrence of Cmax; Vz/F, apparent volume of distribution
after oral dosing.

bData presents geometric mean (%CVb) [95% CI] unless otherwise noted.
cValid PK parameters were derived for 44 participants unless otherwise noted.
dn = 43.
en = 41.

FIG 1 Cabotegravir plasma concentration-time profile on day 27 after oral cabotegravir 30 mg once
daily. Error bars represent 5th and 95th percentiles.
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gravir concentrations of .4� PA-IC90 and 50% (21/42) between 1� and ,4� PA-IC90.
At week 77 (44 weeks after the final injection), 20% (8/40) of participants had cabote-
gravir concentrations ranging from 1� to ,4� PA-IC90, 33% (13/40) between LLOQ
and 1� PA-IC90, and 48% (19/40) below LLOQ. At week 89 (final visit, 56 weeks after
the final injection), 64% (16/25) of participants had concentrations below LLOQ, 24% (6/
25) between LLOQ and 1� PA-IC90, and 12% (3/25) between 1 and ,4� PA-IC90 (Fig. 4).
The week 89 visit was delayed in 12 participants; therefore, 25/37 participants had values
within the week 89 study window. Of the 12 participants with a delayed week 89 visit, the
final visit occurred 58 to 66 weeks after the final injection (instead of 56 weeks), and 10/12
(83%) of the final cabotegravir plasma concentrations were nonquantifiable.

FIG 2 Cabotegravir plasma concentration-time profile after five cabotegravir LA injections (first injection was at week 5; final injection was at week 33) through
week 89. Error bars represent 5th and 95th percentiles. Numbers in parentheses on x axis represent the numbers of participants with cabotegravir concentrations
at trough and concentrations in the follow-up phase. Nonquantifiable concentrations were imputed as zero for the purpose of calculating statistics. LLOQ, lower
limit of quantitation; PA-IC90, in vitro protein-adjusted concentration resulting in 90% of the maximum inhibition of viral growth for cabotegravir. The week 89
visit was delayed in 12 participants, and therefore, 25/37 participants who completed the week 89 visit were considered within the visit window. Median at week
89 and the 5th percentile beyond week 53 were zero and, therefore, could not be displayed.

FIG 3 Individual cabotegravir terminal concentration-time profile with log-linear regression after the final injection. Linear
regression was applied to fit the log-transformed cabotegravir plasma concentration data over actual sampling time after the
final injection in each participant (solid line) and to calculate the time from the final injection to the time when cabotegravir
plasma concentration decreased to LLOQ. PA-IC90 = 0.166 mg/mL. LLOQ, lower limit of quantitation; PA-IC90, in vitro protein-
adjusted concentration resulting in 90% of the maximum inhibition of viral growth for cabotegravir. All 44 participants were
included in this analysis, regardless of whether the week 89 visit was delayed or not.
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One participant acquired HIV-1 at week 89. For this participant, cabotegravir plasma
concentration was 0.0495 mg/mL at week 65 and not quantifiable at weeks 77 and 89.
Thus, cabotegravir plasma concentration was below the PA-IC90 of 0.166 mg/mL for
$6 months before the confirmed HIV-1 diagnosis.

Tolerability and acceptability. Overall, 84% (n = 38) and 87% (n = 39) of 45 partici-
pants (score of 1 to 3 on the HIV-Prevention Treatment Satisfaction Questionnaire,
change version) reported being willing to recommend the medication and were willing
to continue with the study medication, respectively. Assessment of the tolerability of
cabotegravir LA injections showed that 91% (n = 41) of participants were satisfied with
side effects, and 78% (n = 35) tolerated the pain/discomfort. Most participants (98%,
n = 44) were satisfied with their current treatment to prevent HIV (score of 1 to 3), with
a median total score (across all 13 items) of 23. Most participants (83%, 40/48) consid-
ered using cabotegravir LA for HIV prevention in the future.

DISCUSSION

The primary objectives of this study were to evaluate the safety, tolerability, and PK
of cabotegravir LA 600 mg administered i.m. every 4 weeks for two doses followed by
every 8 weeks for three doses in HIV-negative Chinese men. The safety results observed
in the present study are consistent with those reported from other cabotegravir LA stud-
ies (11, 26–31). The mild-to-moderate nature of the ISRs seen in the present study has
also been observed in previous studies of HIV-negative volunteers and trial participants
at high risk of acquiring HIV (32, 33). Cabotegravir PK results from this study were similar
to those in non-Asian male participants in the HPTN 077 study (Table 2) (28, 29).

The safety and PK results from this study were compared with those from HPTN 077
because the studies were conducted in a similar fashion as follows: identical dose level
and dosing schedules, PK samples collected for an extended period (up to week 109 in
cohort 2 of the HPTN 077 study) after the final injection, enrollment of HIV-negative
participants, and use of the same cabotegravir LA formulation (28, 29).

The safety profile of cabotegravir LA observed in this study was similar to the HPTN
077 study (29). Grade $2 ISR AEs observed in this study occurred at a similar event
rate in the HPTN 077 study. HPTN 077 was a placebo-controlled study and reported
that the only grade $2 AE that was more common in the cabotegravir group com-
pared with the placebo group was ISRs (P , 0.001). Although AEs of upper respiratory

FIG 4 Proportion of participants with cabotegravir at trough and concentrations in follow-up phase above various thresholds
by visit. PA-IC90 = 0.166 mg/mL. LLOQ, lower limit of quantitation; PA-IC90, in vitro protein-adjusted concentration resulting in
90% of the maximum inhibition of viral growth for cabotegravir. The first injection was at week 5 and the final injection was
at week 33. The week 89 visit was delayed in 12 participants, and therefore, 25/37 participants who completed the week 89
visit were considered within the visit window. The number in parentheses represents the number of participants.
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tract infection were common in this study, only 6% of participants reported grade $2
AEs of upper respiratory tract infection, a lower rate than was reported in the cabote-
gravir group in the HPTN 077 study (23%).

The proportions of participants with cabotegravir trough concentrations above and
below various thresholds (i.e., LLOQ, 1� PA-IC90, 4� PA-IC90, and 8� PA-IC90) at each of
the five injection visits in this study were similar to the proportions of non-Asian male
participants in HPTN 077 who received the same cabotegravir dosing regimen.
Cabotegravir LA PK parameter estimates were also similar. Additionally, the propor-
tions of participants with cabotegravir concentrations above and below various thresh-
olds (LLOQ, 1� PA-IC90, 4� PA-IC90, and 8� PA-IC90) at each scheduled visit after the
final injection in this study were similar to the proportions of non-Asian male partici-
pants in cohort 2 of the HPTN 077 study who received the same cabotegravir dosing
regimen.

Cabotegravir plasma PK parameters and exposure in this study were consistent
with those observed in other cabotegravir studies (23, 27–31). The geometric mean
(95% confidence interval [CI]) trough concentration at week 41 (trough for the week 33
injection) in this study was 1.58 mg/mL (1.39 to 1.80), similar to the geometric mean
(95% CI) at trough of 1.58 mg/mL (1.49 to 1.68) at week 48 in participants who had no
prior exposure to cabotegravir and received cabotegravir 600 mg every 8 weeks
(n = 217) in the phase 3 ATLAS-2M study (ClinicalTrials.gov identifier, NCT03299049)
(unpublished data). The geometric mean of the terminal slope after the final injection
observed in this study was 0.000614 h21, similar to the population estimate of terminal
slope of 0.000733 h21 for the 1,223 male participants in the final population PK model
(23).

In the injection phase of this study, peak arithmetic mean cabotegravir plasma con-
centrations occurred within 1 week of each injection, and mean concentration at
trough remained above 1.62 mg/mL throughout the injection phase. Target cabotegra-
vir trough concentrations were achieved consistently throughout the injection phase
(Fig. 4): PA-IC90 (0.166 mg/mL) was achieved in $98% of participants, 4� PA-IC90

(0.664 mg/mL) in $88% of participants, and 8� PA-IC90 (1.328 mg/mL) in $64% of par-
ticipants. Concentrations remained above PA-IC90 in all but one participant throughout
dosing during the injection phase. After the final injection was administered at week
33 (injection 5), mean cabotegravir plasma concentrations were maintained above
0.166 mg/mL (PA-IC90) until between weeks 65 and 77 and above 0.664 mg/mL (4� PA-
IC90) until week 53.

The prolonged terminal half-life of cabotegravir LA and the persistence of plasma
concentrations after the final injection are both an advantage and a limitation. The pro-
longed terminal half-life of cabotegravir LA allows for the convenience of infrequent
injections, such as once every 8 weeks, and could potentially maintain efficacy for a
prolonged period of time after interruption or discontinuation of injections. However,
upon discontinuation of cabotegravir LA injections, cabotegravir plasma concentration

TABLE 2 Comparison of CAB LA PK parameters after the final injection between adult Chinese male participants and non-Asian male
participants in HPTN 077a

PK parameterb
Chinese male participants in present study
(n = 44)

Non-Asian male participants in HPTN 077
(n = 18)c

AUC0-t (h �mg/mL) 143 (127–162)d 163
Cmax (mg/mL) 3.73 (3.11–4.48) 3.82
Trough concentration (mg/mL) 1.58 (1.39–1.80)d 1.68
t1/2 (days) 47.0 (38.4–57.6)e 45.3
Estimated time to LLOQ, median (range) [IQR] (wks) 48.7 (16.5–251.0) [31.9–71.5] 43.7 (20.4–152.5) [31.1–66.6]
aAUC0-t, area under the plasma concentration-time curve over the dosing interval; CAB, cabotegravir; CI, confidence interval; Cmax, maximum observed concentration; LA,
long-acting; LLOQ, lower limit of quantitation; PK, pharmacokinetic(s); t1/2, terminal half-life. All values calculated based on the final injection.

bData presents geometric mean (95% CI) unless otherwise noted.
cOnly published data for non-Asian male participants in HPTN 077 are listed. Source data are unavailable; therefore, some 95% CIs are unavailable (30, 36).
dn = 43.
en = 41.
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was predicted to remain below preventive or therapeutic thresholds but was quantifi-
able for years (Fig. 3), potentially increasing the risk of development of drug resistance.

Most participants were satisfied with cabotegravir LA as an HIV prevention modal-
ity, felt that the LA regimen was effective and acceptable compared with the oral cabo-
tegravir regimen, and would plan to use cabotegravir LA for HIV prevention in the
future if needed, indicating that cabotegravir LA was well tolerated. Although injection
site pain was common, results suggest that participants experienced a high level of
overall satisfaction and preference for LA injectable PrEP and reported convenience,
flexibility, and ease of use as important factors in their satisfaction. These results are
consistent with those from the phase 2 ECLAIR trial (34), in which participants also
reported high levels of satisfaction, preference for cabotegravir LA over oral regimens,
and a willingness to continue and recommend cabotegravir LA using the Study
Medication Satisfaction Questionnaire (35).

Limitations of this study include the small sample size, which may have limited the
detection of rare AEs. It should also be noted that ISRs and health outcome assess-
ments were self-reported and, therefore, could have been biased by individual inter-
pretation. Additionally, polymorphisms in UGT1A1 metabolizing enzymes that may
have contributed to the higher observed concentrations were not assessed. Finally,
this study only enrolled Chinese participants who were male at birth. Female at birth
and/or transgender participants in pivotal cabotegravir LA PrEP studies were enrolled
at global clinical sites, including in North and South America, Africa, and Asia (Thailand
and Vietnam); however, none were from China, and further evaluation of cabotegravir
LA for PrEP in Chinese individuals may be warranted.

In conclusion, oral cabotegravir 30-mg tablets administered once daily for 4 weeks
and cabotegravir 600-mg LA injections (3-mL single intramuscular injections into the
gluteus medius) administered every 8 weeks, with the first two injections given 4 weeks
apart, were studied in HIV-negative Chinese men. These dosing regimens demon-
strated a favorable safety profile, tolerability, and acceptability in a Chinese population,
similar to those observed in historical cabotegravir studies. Cabotegravir trough con-
centration was maintained above various in vitro thresholds during cabotegravir LA
dosing. Cabotegravir plasma PK exposure and PK parameters in Chinese men after oral
and LA cabotegravir dosing were similar to those estimated in men from non-Asian
regions in historical studies. These results support further clinical development of cab-
otegravir LA in China.

MATERIALS ANDMETHODS
Study design. This was an open-label, nonrandomized, single-arm, multicenter phase 1 study con-

ducted in China to evaluate the safety, tolerability, PK, and acceptability of cabotegravir after oral and LA
intramuscular administration in HIV-negative adult male Chinese participants at low risk of HIV-1 acquisi-
tion (ClinicalTrials.gov identifier, NCT03422172). As shown in Fig. 5, eligible participants first received oral
cabotegravir (30-mg tablets) once daily for 4 weeks during the oral phase (i.e., weeks 1 to 4) to assess indi-
vidual tolerability before receiving cabotegravir LA injections. After a 1-week washout upon completion of
the oral phase, given the oral elimination t1/2 of 35 to 42 h observed in historical cabotegravir studies, par-
ticipants received five cabotegravir LA 600-mg injections (3-mL single intramuscular injection into the

FIG 5 Study design. Red arrows denote PK sampling (intensive PK sampling occurred in only 17 participants at week 4); green circles
denote injection. IM, intramuscular; PK, pharmacokinetic; PO, daily oral.
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gluteus medius) once every 8 weeks with the first two injections given 4 weeks apart (i.e., weeks 5, 9, 17,
25, and 33).

This study was conducted in accordance with International Conference for Harmonization of
Technical Requirements for Registration of Pharmaceuticals for Human Use Good Clinical Practice and
applicable country-specific requirements, applicable laws and regulations, and consensus ethical princi-
ples derived from international guidelines including the Declaration of Helsinki and Council for
International Organizations of Medical Sciences International Ethical Guidelines. Written informed con-
sent was obtained from each participant before the performance of any study-specific procedures.

Study population. This study recruited HIV-negative Chinese participants aged 18 to 65 years who
were male at birth, had both a nonreactive point-of-care HIV test and undetectable HIV-1 RNA at screen-
ing, and were at low risk of acquiring HIV-1. Participants were required to agree to appropriate use of
contraceptive measures if participating in heterosexual/vaginal intercourse (participants were counseled
on safer sexual practices, including use of effective barrier methods such as male condoms to reduce
risk of sexually transmitted infections). Participants were excluded from the study if they had received
antiretroviral therapy in the past 30 days, had current or chronic history of liver disease or known hepatic
or biliary abnormalities, history of cardiac disease, active skin disease or disorder, high risk of seizures,
other medical conditions (including psychiatric conditions) that would interfere with the ability to com-
plete study procedures, or were determined to pose a significant suicide risk. Participants were also
excluded if they were at high risk of acquiring HIV-1, which was defined as including one or more of the
following: being the negative partner in an HIV-serodiscordant couple where the partner with HIV is not
suppressed, exchanging sex for goods or money, engaging in any condomless anal intercourse in the
past 6 months, having .5 male or female sexual partners in the past 6 months, having a sexually trans-
mitted infection in the past 6 months, or engaging in any other behavior assessed by the investigator as
“high risk.”

Procedures. Adverse events were assessed at day 1 and all study visits thereafter; vital signs were
assessed at screening, day 1, week 5, and all visits thereafter. Clinical laboratory testing was performed
at screening; day 1; and weeks 4, 5, 6, 9, 17, 25, 33, 41, and 89. Point-of-care HIV testing was performed
at screening, day 1, each study visit before each injection, 8 weeks after the final injection, and week 89.

To characterize cabotegravir oral PK, a subgroup of participants volunteered to take part in the in-
tensive PK assessment during the oral phase and underwent 24-h serial PK blood sampling at predose
and 1, 2, 3, 4, 8, and 24 h postdose after the 27th oral dose on days 27 and 28. Pharmacokinetic sampling
during the injection phase and follow-up phase was conducted at every visit shown in Fig. 5: before
each injection (weeks 5, 9, 17, 25, and 33), 1 week after each injection (weeks 6, 10, 18, 26, and 34), 4
and 8 weeks after the final injection (weeks 37 and 41), and then every 12 weeks during the long-term
follow-up phase (weeks 53, 66, 77, and 89).

Plasma samples were analyzed for cabotegravir concentration using a validated analytical method
(28) based on protein precipitation, followed by high-performance liquid chromatography with tandem
mass spectrometry analysis. The assay has a 1,000-fold linear range with an LLOQ of 0.025 mg/mL and
an upper limit of quantitation of 25mg/mL.

Study objectives and endpoints. The primary study objectives were evaluation of the safety and tol-
erability of cabotegravir LA throughout the injection phase and plasma PK of cabotegravir after repeat
oral and LA administration. Safety and tolerability endpoints included evaluation of AEs, clinical laboratory
tests, study withdrawals due to AEs, vital signs assessments, and ISRs. Plasma cabotegravir PK parameters
included concentration at the end of the dosing interval, AUC0-t, Cmax, Tmax, apparent clearance after oral
dosing (CL/F), apparent volume of distribution after oral dosing (Vz/F), terminal t1/2, and terminal elimina-
tion phase rate constant (lz).

Pharmacokinetic targets of cabotegravir trough concentration for preventive efficacy used in this
study were selected based on macaque models using a rectal or vaginal simian/human immunodefi-
ciency virus (SHIV) challenge (36, 37): PA-IC90 (0.166 mg/mL) should be achieved in 95% of participants,
4� PA-IC90 (0.664 mg/mL) in 80% of participants, and 8� PA-IC90 (1.328 mg/mL) in 50% of participants
(i.e., the target of median cabotegravir trough concentration is 1.328 mg/mL). The PK targets selected in
this study were consistent with those in other cabotegravir PrEP studies (11, 12, 26–29).

Tolerability and acceptability of cabotegravir LA injections were key secondary objectives. The 13-
item HIV-Prevention Treatment Satisfaction Questionnaire, change version score was used to assess tol-
erability via measurement of the experience of prevention treatment using a scale from 3 (much more
satisfied/effective/convenient/flexible/likely to recommend the treatment/likely to speak well of the
treatment/easier now) to 23 (much less satisfied/effective/convenient/flexible/likely to recommend the
treatment/likely to speak well of the treatment/easier now). In addition, participants were asked if they
would consider using cabotegravir LA for HIV prevention in the future at their week 41 visit or at their
withdrawal visit, whichever occurred first. The proportion of participants who would consider using cab-
otegravir LA for HIV prevention in the future was calculated as an assessment of acceptability.

Statistical analysis. Participants who had at least one postdose quantifiable cabotegravir plasma
concentration were included in the analysis. Nonquantifiable concentrations were not imputed for esti-
mating PK parameters. Pharmacokinetic parameters were estimated from concentration-time data using
noncompartmental methods with Phoenix WinNonlin version 8.0 (Certara, Princeton, NJ), and results are
presented as descriptive statistics. Linear regression was applied to fit the log-transformed cabotegravir
plasma concentration data in the terminal phase over actual sampling time after the final injection in
each participant (the same method to estimate the terminal t1/2 by noncompartmental analysis). The
time from the final injection to the time when cabotegravir plasma concentration decreased to LLOQ
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was calculated by extrapolating the linear regression beyond the observed concentrations. Safety and
tolerability results are summarized using descriptive statistics.

Data availability. Anonymized individual participant data and study documents can be requested
for further research from www.clinicalstudydatarequest.com.
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