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Cabotegravir Plus Rilpivirine
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Abstract

Long-acting cabotegravir plus rilpivirine has revolutionized the concept of antiretroviral therapy, but as the causes
of virological failure and satisfaction can depend on patient background, real-world data are needed. In this
single-center study, we reviewed clinical records of people with HIV (PWH) who received injectable cabotegravir
plus rilpivirine between June 2022 and January 2023. We assessed virological and safety outcomes, including
injection site reactions (ISRs) and changes in serum creatinine and cystatin C. Seventy-four patients were
included. There were no virological failures. Approximately 80% of individuals achieved HIV-RNA undetectable
in all visits up to 14 months (median 13 months) after switching. Pain upon injection was significantly more
common at the rilpivirine injection site, while delayed pain was significantly more common at the cabotegravir
injection site. The serum creatinine (mean difference -0.12 mg/dL, p < .0001) and the cystatin C (mean difference
-0.077 mg/dL, p < .0001) decreased significantly after switching, and in multivariable regression analysis,
baseline characteristics did not affect the decrease in these renal function markers. Long-acting cabotegravir plus
rilpivirine showed excellent antiviral efficacy and safety in PWH in Japan. ISRs were characterized differently at
the cabotegravir and rilpivirine injection sites. Although cystatin C showed decrease after the regimen switch,
further confirmation is needed whether cabotegravir plus rilpivirine can improve renal function.
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Introduction

Along-acting therapy of cabotegravir plus rilpivirine
(CAB plus RPV LA) is now available for treatment with

intramuscular administration every month or every 2
months.1,2 Since its approval in the United States and Europe,
there has been controversy as to which people with HIV
(PWH) would benefit from this regimen. Patient satisfaction
was high, with over 90% preferring the injectable long-acting
agent over the oral drug.2,3 However, to date, real-world data
on this issue were scarce. The effectiveness of CAB plus RPV

LA can vary from region to region, and differences in health
care systems can affect patient satisfaction.

In Japan, CAB plus RPV LA became available in late June
2022. In our previous report, we showed that even patients
who would have to go to the hospital more frequently after
switching to CAB plus RPV LA, and even patients who
would not eliminate their oral medications due to other
concomitant oral medications, felt that they would benefit
from switching to CAB plus RPV LA.4

Although CAB plus RPV LA has revolutionized ART by
being an injectable drug, the impact of injection site reaction
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(ISR) on the lives of PWH has never been discussed fully,
because no previous options included injectable drugs. ISR
was a key endpoint in clinical trials,2,3,5 however, it is based
on subjective symptoms and may have a different impact on
PWH in the real world, where regimens can be more easily
switched than in clinical trials, which are contract based. There
are racial and cultural differences in ISR and pain perception.6

Clinical data on adverse reactions other than ISR are also
scarce. Although dolutegravir (DTG) and bictegravir are
known to increase serum creatinine by inhibiting tubular
transport proteins, no clinical data have been reported for CAB.

The objective of this study is to evaluate the satisfaction and
acceptability of CAB plus RPV LA in Japan by determining
the virological efficacy, safety profile (e.g., renal function
biomarkers), and ISR after switching to CAB plus RPV LA.

Patients and Methods

Population

In this single-center study, we reviewed routinely collected
clinical records of PWH who received at least one dose of
injectable CAB plus RPV LA at IMSUT hospital of the In-
stitute of Medical Science, The University of Tokyo, between
June 2022 and January 2023. Laboratory data through Sep-
tember 2023 were included in the analysis. Treatment was
given in accordance with the Japanese drug package inserts:
all patients had been on oral CAB plus RPV LA for at least
1 month and had maintained HIV-RNA <50 copies/mL for at
least 6 months before the oral lead-in (OLI) initiation. We
introduced CAB plus RPV LA if the patient is virologically
suppressed, regardless of anti-hepatitis B surface antibody
status or oral adherence. Patients of non-Asian ethnicity,
patients with a history of participation in clinical trials, and
patients who used these drugs in a way other than that de-
scribed in the package insert were excluded from the analysis.

Evaluation of virological outcomes

Virological outcomes were evaluated at the start of OLI, at
the start of injectable CAB plus RPV LA, and at 1, 3, 5, 7, 9,
11, and 13 months after injectable CAB plus RPV initiation,
that is, *14 months after the start of OLI. One who was
dosed every month was analyzed in the same way. HIV-RNA
was measured at BML, Inc. (Tokyo, Japan), using cobas�

6800/8800 System (Roche diagnostics, Tokyo, Japan); HIV-
RNA ‡20 copies/mL was measured quantitatively and HIV-
RNA <20 copies/mL was evaluated for qualitative detection.
‘‘Undetectable HIV-RNA’’ means that the virus is qualitatively
undetectable, which is synonymous with ‘‘Target not detected.’’

Evaluation of ISRs

The injection site pain was recorded with severity for each
drug. The severer side was used for the analysis. If the pain
was the same on both sides, only the pain that concerned the
participant was counted. Pain was differentiated depending
on the timing of appearance: pain upon injection referred to
the acute pain felt at the time of injection and delayed pain is
the pain that developed on or after the day following injec-
tion. Duration of the pain was counted in days; if there was no
pain on the next day, it was counted as 0 days. Duration was
reported as median and interquartile range (IQR), excluding
those who did not complain of pain. Systemic symptoms such

as pyrexia and fatigue were also investigated in the same way
if they were associated with injections.

Evaluation of renal function biomarkers

At each visit from the start of OLI until 7 months after
injectable CAB plus RPV administration, that is, *8 months
after the start of OLI, data on serum creatinine and cystatin C
were collected from clinical records to assess safety. To
evaluate renal function biomarkers in stable conditions, only
test results conducted at regular HIV outpatient visits were
included, and the results at the irregular visits for other
complaints (e.g., acute infectious diseases) and at the follow-
ups for complications were excluded from the analysis.

Statistical analyses

We used the exact McNemar test for comparing the in-
jection site pain between CAB and RPV. One-way analysis of
variance was used to test for differences in ISR duration
between the respective drug injection sites. Repeated mea-
sures analysis of variance (ANOVA) was used to assess
whether serum creatinine and cystatin C changed statistically
at different time points. We used the paired t-test to evaluate
the difference between biomarkers before (baseline OLI
initiation) and 3 months after switching to CAB plus RPV
LA. Cumulative probability of patients whose HIV-RNA
remained not detected after the start of injectable CAB plus
RPV LA was evaluated using Kaplan–Meier estimates: only
patients with undetectable HIV-RNA at baseline were in-
cluded. Statistical analyses above were performed using
Stata/MP 16.1 (StataCorp) or Prism 9 (GraphPad Software).

Multivariable regression analysis was performed with the
difference between renal function biomarkers before (base-
line OLI initiation) and 3 months after switching to CAB plus
RPV LA as the dependent variables and age, body mass index
(BMI), inflammation biomarker (i.e., CD4/CD8 ratio and
C-reactive protein), smoking, heart diseases, malignancy and
preswitching regimens (i.e., DTG-containing regimen,
bictegravir/emtricitabine/tenofovir alafenamide (B/F/TAF)
use, cobicistat-containing regimen, and other regimens), as
the independent variables, using JMP Pro 17 (SAS Institute,
Inc.). Analysis of covariance (ANCOVA) was also conducted
using the same variables.7 Statistical significance was defined
as two-sided p < .05.

Results

Population

Eighty-two PWH received CAB plus RPV LA during the
period, and eight of whom were excluded: four were clinical
trial participants and had been administered before the time
period of this study; two were non-Asian ethnicity; one was
on OLI only for 1 week due to an underlying condition that
made oral administration difficult; and one switched to the
previous regimen after the OLI because of fatigue. A total of
74 PWH were analyzed. One received CAB plus RPV LA
every month and 73 received CAB plus RPV LA every 2
months. Baseline characteristics of the participants are shown
in Table 1. Among the participants, only three were women,
one of whom was a transgender woman. The majority of
participants was Japanese and infected with HIV-1 subtype
B, which is not different from the distribution among PWH in
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Japan. Participants with subtypes AG, AE, D, and G were all
Japanese, and some of these participants were thought to be
infected by non-Japanese. All patients had HIV-RNA <50
copies/mL at the start of OLI, but 2 had HIV-RNA ‡50
copies/mL at the start of CAB plus RPV LA injection.

Three patients switched to other oral ART within 3 months
after initiation because of ISR; the ISRs for all three cases were
mild, equivalent to grade 1 in general clinical trials grading.
There were no cases of switching from CAB plus RPV LA to
other regimens due to drug-related adverse events other than ISR.

Antiviral efficacy of cabotegravir plus rilpivirine

The median observation period for this study was 14 months
(1 month for OLI and 13 months for CAB plus RPV inject-
able). More than 97% of individuals had maintained HIV-
RNA <50 copies/mL in all visits up to 13 months after the
administration of injectable CAB plus RPV, and no individ-
uals had virological failure (Fig. 1). Figure 2A shows the
percentage of HIV-RNA achieving less than detection sensi-

tivity at each visit. Approximately 80% (60/74) of individuals
were with undetectable HIV-RNA (i.e., ‘‘target not detected’’)
at the start of OLI or at the start of injectable CAB plus RPV
LA, and this was well maintained after switching to CAB plus
RPV injectable. Cumulative probability of individuals with
target not detected was 86.7% (95% confidence interval [CI]:
75.1–93.0) at month 3 and 72.6% (95% CI: 59.1–82.2) at
month 13, by the Kaplan–Meier estimates (Fig. 2B).

Figures 1 and 2 have missing data for the following reasons:
in month 1, unmeasured HIV-RNA (three cases); in month 3,
discontinuation of CAB plus RPV (two cases); in month 5,
discontinuation of CAB plus RPV (three cases); and after
month 7, discontinuation of CAB plus RPV (three cases) and
absence from outpatient visits during the study period (X cases).

Characteristics of ISRs at rilpivirine and cabotegravir
injection sites

Eighty-six percent (64/74) of the patients reported any
ISRs at the first administration, and 62.0% (44/71) after the
second administration. At the time of the first injection,
74.3% (55/74) reported pain upon injection and 39.1% (29/
74) had delayed pain, whereas, at the time of the second
injection, 52.1% (37/71) had pain upon injection and 26.8%
(19/71) had delayed pain. Table 2 shows that pain upon in-
jection was significantly more common at the RPV injection
site, while delayed pain was significantly more common at
the CAB injection site for the first administration. The same
significant difference was found for the second injection. The
duration of pain was similar on the CAB side, the RPV side,
and both sides, with a median of 2 days for pain upon in-
jection and 3 days for delayed pain and was similar between
the first and second injections. Pyrexia was observed in 2.1%
(3/145) of individuals either at the first and second injections,
and pyrexia and fatigue combined were observed in 4.8% (7/
145) of patients.

Changes in renal function biomarkers after switching

Any changes in renal function biomarkers after switching
to CAB plus RPV LA were examined using repeated

Table 1. Baseline

and Demographic Characteristics

Total, n 74

Age, years 47 [26–64]
Gender

Male 71
Femalea 3

Race
Asians 73
Southeast Asians 1

CD4+ cell count, cell/lL 647 [200–1,210]
HIV-RNA

<50 Copies/mL 72
‡50 Copies/mL 2

Body mass index, kg/m2 24.1 [17.7–36.8]
>30 kg/m2 4

HIV-1 subtypeb

B 68
AG 2
AE 1
D 1
G 1

ART regimen before switching
DTG/3TC 28
B/F/TAF 33
ABC/3TC/DTG 2
F/TAF+DTG 2
D/C/F/TAF or DRV/COBI 2
Other regimensc 4

Hepatitis B status
Positive for anti-HBs 51
Negative for anti-HBc 22

Data are n or median [range].
a1 for transgender woman.
bNo data for 1 individual.
c2 for rilpivirine/emtricitabine/tenofovir alafenamide and 2 for

raltegravir + emtricitabine/tenofovir alafenamide.
ABC/3TC/DTG, abacavir/lamivudine/dolutegravir; anti-HBc, anti-

hepatitis B core antibody; anti-HBs, anti-hepatitis B surface antibody;
ART, antiretroviral therapy; B/F/TAF, bictegravir/emtricitabine/
tenofovir alafenamide; D/C/F/TAF, darunavir/cobicistat/emtricitabine/
tenofovir alafenamide; DTG/3TC, dolutegravir plus lamivudine;
DRV/COBI, darunavir/cobicistat.

FIG. 1. Proportion (95% confidence interval) of patients
with HIV-RNA less than 50 copies/mL at each visit. ‘‘OLI,’’
the start of the oral lead-in. ‘‘month 0,’’ the start of cabo-
tegravir plus rilpivirine injectable.
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measures ANOVA. There were significant changes in both
serum creatinine ( p < .0001; Fig. 3A) and cystatin C
( p < .0001; Fig. 3B). The serum creatinine and cystatin C
decreased after the introduction of OLI and then leveled off
rather than continuously decreasing over time. To perform a
repeated measures ANOVA for this change, it was consid-
ered appropriate to perform the analysis of variance at

month 7, when sufficient data are available, rather than
comparing up to month 13, when fewer data are available.

Additionally, when the serum creatinine and cystatin C
were compared specifically between baseline OLI initiation
and month 3 by paired t-test, both serum creatinine (mean
difference -0.12 mg/dL, p < .0001 [n = 72]) and cystatin C
(mean difference -0.077 mg/dL, p < .0001 [n = 53]) were

FIG. 2. Proportion (95% confidence interval) of patients with target not detected at each visit (A) and the Kaplan–Meier
estimates of the probability of maintenance of undetectable HIV-RNA among patients whose HIV-RNA was undetectable at
the start of cabotegravir plus rilpivirine injectable (B). ‘‘OLI,’’ the start of the oral lead-in. ‘‘month 0,’’ the start of
cabotegravir plus rilpivirine injectable.

Table 2. Injection Site Reaction After the First or Second Administration

First dose (n = 74) p Second dose (n = 71) p

Number of participants who reported ISR 66 44
Pain upon injection

CAB > RPV 2 .00040a 2 .013a

RPV > CAB 18 12
Equal on both sides 35 23

Duration (pain upon injection), days (IQR)
Pain of any patterns 2.0 [0–3.0] 1.0 [0–3.0]
CAB > RPV 3.0 [3–3] .58b 1.5 [0.8–2.6] .34b

RPV > CAB 2.5 [0.3–3.0] 0.5 [0–1.5]
Equal on both sides 2.0 [0–3.0] 1.0 [0–3.0]

Delayed painc

CAB > RPV 14 .013a 8 .039a

RPV > CAB 3 1
Equal on both sides 12 10

Duration (delayed painc), days
Pain of any patterns 3.0 [3.0–3.8] 3.0 [2.0–7.0]
CAB > RPV 3.0 [3–4.5] .86b 2.0 [2.0–3.0] .083b

RPV > CAB 3.0 [3.0–3.0] 7.0 [7.0–7.0]
Equal on both sides 3.0 [1.8–3.5] 5.0 [3.0–7.0]

Nodule 4 4
Pyrexia or fatigue 6 1
Pyrexia 2 1

Data are n or median.
aPain that developed on or after the day following injection: ISR, CAB, and RPV.
bExact McNemar test.
cOne-way analysis of variance.
CAB, cabotegravir; IQR, interquartile range; ISR, injection site reaction; RPV, rilpivirine.

RENAL FUNCTION AND ISRS ON CAB PLUS RPV 219



significantly decreased. Serum creatinine and cystatin C were
significantly reduced regardless of the original ART regi-
mens before switching. None of the participants’ statuses of
chronic inflammation, heart disease, malignancy, or smoking
changed from the baseline.

To further investigate the impact of these baseline factors
on the absolute change in renal function biomarkers, we
evaluated the effect of age, BMI, inflammation biomarker
(i.e., CD4/CD8 ratio and C-reactive protein), smoking, heart
diseases, malignancy and preswitching regimens (i.e., DTG-
containing regimen, B/F/TAF use, cobicistat-containing
regimen, and other regimens) using multivariable regression
analysis. None of the factors had a statistically significant
effect on the changes in creatinine and cystatin C. Same
conclusion was made by using an analysis of covariance
(ANCOVA).7

Discussion

The observation period was determined based on when
virological failures occurred in clinical trials. Of the cases of
confirmed virological failure by the primary endpoint of
week 48, in the ATLAS trial, all three of the cases occurred
by week 24,8 in the FLAIR trial, 3 of 4 cases developed
virological failure by week 28,9 and in the ATLAS-2M trial 9
out of 10 cases had occurred by week 24.1 The median ob-
servation period of this study was able to detect 88% (15/17)
of virological failures in the three clinical trials.1,8,9 The
tendency to virological failure shortly after treatment initia-
tion is a characteristic feature of CAB plus RPV LA.
Therefore, our study had an observation period with suffi-
cient margin to detect virological failures.

Pooled data from the phase 3 and phase 3b ATLAS,
FLAIR, and ATLAS-2M trials suggested that risk of con-
firmed virological failure increased when two or more of the
following baseline factors were present: proviral rilpivirine
resistance-associated mutations, HIV-1 subtype A1/A6, or a
BMI of 30 kg/m2 or more.10 Most of the patients on CAB plus
RPV LA included in this report were infected with subtype B.
In addition, among the three phase 3 trials, one case of vi-
rological failure occurred after 96 weeks of ATLAS-2M in a
patient with subtype B infection.2 Some participants with
HIV-1 subtype B failed virologically in the SOLAR study, a

head-to-head trial comparing with B/F/TAF,11 and in the
CARLOS study, which evaluated CAB plus RPV LA up to 6
months in a real-world setting.12 Our study showed that the
risk of virological failure is small in real-world data from
Japan, where HIV-1 subtype B is endemic. Participants in this
study also had a median BMI of 24 kg/m2 and 4 cases with
BMI ‡30 kg/m2, all of which were virologically suppressed.

In recent clinical trials, more sensitive virological markers
other than conventional endpoints (e.g., HIV-RNA <50
copies/mL) may be used to assess virological efficacy in
more detail, with viral load below the detection sensitivi-
ty,13,14 inflammation markers15–18 being evaluated as out-
comes. The method of evaluating HIV-RNA with less than
detection sensitivity or viral blips has the advantage of using
data obtained in daily clinical practice. In Italian real-world
data, about 40% of B/F/TAF users had undetectable HIV-
RNA, and those with HIV-RNA less than detection sensitivity
were able to maintain undetectable HIV-RNA if their esti-
mated adherence level was about 70% or higher.19 Because
CAB plus RPV was introduced by switching to PWH with
stably suppressed HIV-RNA, in this study, the proportion of
PWH with undetectable HIV-RNA at baseline was*80%, but
this proportion was maintained over 1 year, as was treatment
with oral antiretroviral drugs.19

ISR is an issue first introduced by CAB plus RPV LA in the
history of ART and can be the major reason of switching
regimens. The ISR-related discontinuation rate tended to
increase with the frequency of administration, with 1% of
patients in the every 8 weeks’ group and 2% in the every 4
weeks’ group changing their regimens because of ISR in
ATLAS-2M study.1 Besides, there was a 60%–70% ISR at
the first injection, and about 30% at the primary endpoint of
48 weeks; the number of ISRs per visit was characterized by a
decrease with each visit.2 The ISR data in our study differed
from those in the clinical trial, possibly because the ISR
endpoint of pain differed depending on how the data were
taken. Moreover, as in the previous clinical trials, subjective
pain was less in the second injection than in the first; how-
ever, the overall percentage of respondents who reported that
the pain was bothersome was higher than those in the pre-
vious phase 3 clinical trials.1,5

In addition, the current study suggested that the ISR dif-
fered between CAB and RPV injection sites. Pain felt at the

FIG. 3. The changes in renal function
biomarker after switching to cabotegravir
plus rilpivirine. Serum creatinine (A) and
cystatin C (B) are shown. The p values in the
graphs are calculated by paired t-test com-
paring the values at baseline and at month 3.
‘‘Baseline,’’ at the start of oral-lead-in.
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time of injection may be more common at the site of RPV
injection, while delayed myalgia-like pain may be more
common at the site of CAB injection.

The pain at the time of injection is probably a physical pain
associated with the administration and may be related to the
viscosity of the drug, while the delayed myalgia-like pain
may be due to inflammation of the muscle. Moreover, muscle
inflammation can be the focus of the fever. Pyrexia has been
reported as adverse events other than ISR in about 4% of
patients in CAB plus RPV LA clinical trials;1,20 a similar
frequency of pyrexia has also been reported in a phase 3 trial
of CAB single agent dosing for pre-exposure prophylaxis21

and the ECLAIR trial, a randomized controlled trial com-
paring injectable CAB with saline as placebo, reported sim-
ilar levels of fever and fatigue after CAB injection, but not
after saline injection.22 Although pyrexia and fatigue in this
study were less than those reported in previous clinical trials,
longer-term data are required because pyrexia can develop
for the first time after the third or subsequent injections. Other
than ISR, there were no adverse events related to discontin-
uation of CAB plus RPV LA; the safety profile was favorable
in Japanese PWH.

Unlike DTG, bictegravir, ritonavir, or cobicistat, CAB
does not inhibit the renal organic cation transporter (OCT) 2 or
the multidrug and toxin extrusion transporter (MATE) 1
and therefore is unlikely to inhibit tubular secretion of
creatinine.21,23 The HPTN083 study used CAB alone for pre-
exposure prophylaxis and showed a decrease in serum creati-
nine, but no data on cystatin C.21 In combination with RPV,
neither serum creatinine nor cystatin C data have been reported
to date. This study showed a decrease in cystatin C as well as
serum creatinine, which may indicate improved renal function,
because cystatin C is thought to be less susceptible to the tu-
bular transporter inhibitory effects of DTG.24 Cystatin C is a
biomarker affected by chronic inflammation, smoking, and
heart disease, but none of these factors changed before or after
switching to CAB plus RPV LA in this study, and multivariable
analysis showed that no baseline characteristics significantly
affected the absolute changes in these biomarkers.

Although CAB may decrease both serum creatinine and
cystatin C, as an off-target effect rather than improving renal
function, our data may represent improvement in renal
function after switching to CAB plus RPV, as no studies
evaluating cystatin C after discontinuation of DTG or
B/F/TAF have been reported. Long-term follow-up of uri-
nalysis is needed to determine if the renal impairment that
existed before switching to CAB plus RPV LA improves, and
the detailed analysis would be left for future studies.

This study has several limitations. First, it was an obser-
vational study. Due to the nature of the retrospective study,
the outcomes set in this study, such as delayed pain, were
based on the authors’ experience, and thus the results could
have been influenced by the way these endpoints were set.
Second, all participants underwent OLI before administration
of injectable CAB plus RPV LA. In the extended FLAIR and
SOLAR studies, OLI was optional,3,11 but these clinical trials
showed no difference in virological efficacy with or without
OLI. On the other hand, OLI was mandatory before injectable
CAB plus RPV in Japan during the period when this study
was conducted. Finally, the Patient-Reported Outcome used
in clinical trials has not been evaluated for treatment satis-
faction. However, even if PWH has copayments for medical

expenses in Japan and can return to their original regimen at
any time in real-world medical practice, the PWH preferred
to continue CAB plus RPV LA.

This is the first report on the efficacy and safety outcomes
of ART with CAB plus RPV LA for PWH in Japan. There has
been no literature reporting a difference in ISR between CAB
and RPV injection sites or a decrease in renal function bio-
markers. In conclusion, this study suggests that switching to
CAB plus RPV LA may be a beneficial treatment option for
Asian PWH.
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9. Orkin C, Arasteh K, Górgolas Hernández-Mora M, et al.
Long-acting cabotegravir and rilpivirine after oral induc-
tion for HIV-1 infection. N Engl J Med 2020;382(12):
1124–1135; doi: 10.1056/NEJMoa1909512

10. Dandachi D, Dang BN, Lucari B, et al. Acceptability and
preferences for long-acting antiretroviral formulations
among people with HIV infection. AIDS Care 2021;33(6):
801–809; doi: 10.1080/09540121.2020.1764906

11. Moti N. Ramgopal DS-P, Alessandro Berni, et al. SOLAR
12-Month Results: Randomized Switch Trial of CAB+RPV
LA VS ORAL B/FTC/TAF. 30th The Conference on Ret-
roviruses and Opportunistic Infections (CROI) [Abstract
191]. February 19–22, 2023.

12. Borch J, Scherzer J, Jonsson-Oldenbüttel C, et al. 6-Month
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