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Abstract

The newest class of antiretrovirals for all persons living with HIV are the integrase strand transfer
inhibitors (INSTIs). Since 2007, five INSTIs have been introduced: raltegravir, elvitegravir,
dolutegravir, bictegravir, and cabotegravir. The INSTIs have favorable pharmacokinetic and
pharmacodynamic properties, which contribute to both their effectiveness and ease of use. With
the exception of cabotegravir, each INSTI is US Food and Drug Administration (FDA) approved
for treatment-naive individuals initiating antiretroviral therapy. All of the INSTIs, except
raltegravir, are approved for antiretroviral treatment simplification for virologically suppressed
patients without INSTI resistance. Data also support the use of dolutegravir and raltegravir in
individuals with antiretroviral resistance as part of an optimized antiretroviral regimen. INSTIs are
generally well tolerated by people living with HIV compared with older classes of antiretrovirals,
but emerging data suggest that some INSTIs contribute to weight gain. Due to their efficacy,
safety, and ease of use, HIV treatment guidelines recommend oral INSTIs as preferred
components of antiretroviral therapy for individuals initiating therapy. The newest INSTI,
cabotegravir, represents an alternative to oral administration of life-long antiretroviral therapy with
the availability of a long acting injectable formulation. This review summarizes the current use of
INSTIs in adults living with HIV, highlighting the similarities and differences within the class
related to pharmacodynamics, pharmacokinetics, safety, dosing and administration that contribute
to their role in modern antiretroviral therapy.

1. Introduction

For the nearly 40 million persons living with HIV (PLWH), effective antiretroviral therapy
(ART) reduces morbidity and mortality, leading to a life expectancy expected to be similar to
age-matched peers [1, 2]. Randomized, clinical trials have demonstrated health benefits
associated with early initiation of ART beyond the reduction in HIV-associated morbidity
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and mortality [3, 4]. Furthermore, effective ART offers a significant public health benefit by
preventing transmission of HIV [5-7]. Based on these combined benefits, together with
improvements in available antiretroviral options, ART is now recommended for all PLWH
[8-10].

The integrase strand transfer inhibitor (INSTI) class of antiretrovirals contributes to the
enhanced safety and efficacy of modern ART regimens. Based on data demonstrating
efficacy, safety and ease of administration, INSTIs are now part of preferred or
recommended ART regimens in HIV treatment guidelines throughout the world [8-10]. The
efficacy of INSTIs has been well established in comparison with both protease inhibitor (PI)
and non-nucleoside reverse transcriptase inhibitor (NNRTI)-based ART regimens (see
Section 5.0) [8]. INSTI effectiveness is related to their antiviral activity and improved
tolerability, which results in fewer treatment discontinuations [11].

Raltegravir was the first drug in the INSTI class and was approved for twice-daily
administration by the United States (US) Food and Drug Administration (FDA) in 2007
[12]. A once-daily formulation was approved in 2017, but raltegravir remains the only
INSTI not available as a fixed dose combination (FDC). Elvitegravir was the second INSTI
approved by the FDA in 2012, and was the first once-daily, FDC single tablet regimen
containing an INSTI [13]. The two most commonly used INSTIs are dolutegravir, approved
in 2013, and a bictegravir-containing FDC approved in 2018. Cabotegravir is an INSTI
formulated as a long-acting product given intramuscularly in combination with rilpivirine.
The combination was recently approved in Canada, and is undergoing regulatory review in
the US and Europe [14].

This review will summarize key information regarding the dosing and administration,
pharmacodynamics, pharmacokinetics, efficacy, and safety of INSTIs with an emphasis on
treatment of adults with HIV. A detailed review on the use of INSTIs in pediatric patients is
addressed by Dehority and colleagues [15]. Similarities and differences between the
individual agents will be highlighted to inform the current place in therapy for each INSTI.

2. Dosage and Administration

Table 1 describes the available formulations, dosing, and indications for each INSTI. The
companion antiretrovirals included in the INSTI single tablet regimens vary by agent, as
described in Table 1.

3. Pharmacodynamic Properties

3.1 Antiviral Activity

INSTIs inhibit HIV by blocking the strand transfer step of viral DNA integration into the
host genome. INSTIs are potent and selective antiretrovirals with sub- to low nanomolar /in
vitro activity. Against clinical isolates of HIV-1, /in vitro 50% inhibitory concentrations
(ICsp) reported in approved product labels are approximately, 0.1 ng/mL for cabotegravir,
0.2 ng/mL for both bictegravir and dolutegravir; and range from 0.04-0.6 ng/mL for
elvitegravir, and 2.2-5.3 ng/mL for raltegravir [12, 14, 16-18]. However, all INSTIs are
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highly protein bound, which substantially influences clinical ICsq values. For example, in an
in vitro assay in peripheral blood mononuclear cells, the ICsq of dolutegravir was 0.21
ng/mL, but was increased 75-fold in the presence of human serum albumin to a protein-
adjusted ICsq of 16 ng/mL [19]. The protein-adjusted 90% or 95% inhibitory concentration
(ICgg or 1Cgs5) values (ng/mL) for the current INSTIs are: raltegravir, 15; elvitegravir, 45;
dolutegravir, 64; bictegravir, 162; cabotegravir, 166 [20].

3.2 Resistance

To date, resistance to all antiretrovirals has been documented [21]. With regard to INSTIs,
the first-generation agents, raltegravir and elvitegravir, share similar clinical resistance
profiles, including cross-resistance. The second-generation INSTIs, bictegravir and
dolutegravir, are characterized by similar resistance profiles and retention of potency against
resistant mutants selected by first-generation INSTIs. There is evidence the resistance barrier
of bictegravir and dolutegravir are higher than raltegravir and elvitegravir [22, 23].
Resistance has emerged during therapy with long-acting, intramuscular cabotegravir plus
rilpivirine [24, 25]. In the combined results of two phase 3 trials, six of 586 participants
(1.02%) had confirmed virologic failure with INSTI-resistance mutations. Characteristics
common among all six were cabotegravir and rilpivirine plasma concentrations in the lowest
quartile, despite receipt of all intramuscular injections, and HIV-1 subtypes A/Al or AG;
resistance emerged before or at week 28 of therapy in five of six. Whether clinical resistance
emerges to an INSTI (or any antiretroviral) is dependent upon a variety of factors including
the drug’s inherent genetic barrier to resistance, the drug’s structure, inhibitory quotient,
therapeutic index, and pharmacokinetic forgiveness/adherence [26]. The consequences of
resistance are virologic failure and reduced options for future ART regimens. Current
treatment guidelines therefore contain specific recommendations for resistance testing in
both naive- and treatment-experienced PLWH, and recommendations for the use of ART
regimens to maximally and durably suppress plasma HIV-RNA to minimize the emergence
of resistance [8].

3.3 Clinical Pharmacodynamic Characteristics

Explicit pharmacodynamic relationships have been described between the decline in plasma
HIV-RNA and trough concentrations (Cyrougn) Of cabotegravir, dolutegravir, and elvitegravir
[27-29]. For cabotegravir, pharmacodynamic analyses found the HIV-RNA change from
baseline was associated with cabotegravir Ciqygh as a maximum effect (Emax) relationship:
Emax was 2.56 log;p and 50% effective concentration (ECsg) was 82 ng/mL [27]. The
reduction in plasma HIV-RNA with dolutegravir monotherapy of 2, 10 and 50mg once-daily
for 10 days was associated with dolutegravir Crough in an Emax relationship with an
estimated ECgq of 36 ng/mL [28]. The Cyyqugh Of elvitegravir in antiretroviral-naive and
experienced persons not currently on therapy, were strongly associated with the logyg change
in plasma HIV-RNA in an Emax relationship, with an ECsq of 14 ng/mL and 90% effective
concentration (ECgg) of 126 ng/mL [29]. While less quantitative, exposure-response
relationships have clearly been demonstrated for bictegravir and raltegravir [30, 31]. A 10-
day monotherapy study of bictegravir found the mean change in HIV-RNA, from baseline to
day 11 was —1.45, —2.06, —2.08 and —2.43 logyg copies/mL for 5, 25, 50 and 100mg doses,
respectively, clearly demonstrating that higher doses, and therefore higher concentrations,
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were associated with a greater anti-HIV response [30]. A trial of raltegravir 800mg once-
daily compared with 400mg twice-daily found Cyroygn raltegravir with once-daily dosing
correlated with virologic response [31]. Participants who had raltegravir Cyrough in the lowest
quartile (median Cyrough 12.5 ng/mL) had a clear fall off in virologic response, with <80%
achieving HIV-RNA <50 copies/mL compared to =90% achieving HIV-RNA <50 copies/mL
if the Cyrough Was >44 ng/mL. The recently completed phase 3 trials of intramuscular
cabotegravir also provide qualitative pharmacodynamic information. The geometric mean
cabotegravir concentrations at weeks 8 and 48 were approximately 1500 ng/mL and 3000
ng/mL, respectively, which are 9-fold and 18-fold greater than the protein binding-adjusted
ICqyg of 166 ng/mL [24, 25]. At weeks 4-8 after the start of intramuscular cabotegravir
therapy, which is where the lowest concentrations are found, the 51" percentile cabotegravir
concentration is approximately 450 ng/mL, which is 2.7-fold greater than the protein
binding-adjusted 1Cqg. As noted above, INSTI-resistance mutations emerged before or at
week 28 of therapy in the phase 3 trials of injectable cabotegravir. Collectively, for the
INSTI class with regard to the anti-HIV response, data support relationships with dose/
plasma concentrations.

The inhibitory quotient (1Q) is an intuitive concept for predicting clinical drug activity. The
IQ is the ratio of drug concentration in any biologic fluid (e.g., plasma, cerebral spinal fluid)
divided by an /n vitro inhibitory concentration, (i.e. how much drug you have to how much
drug you need). The I1Q has utility in antiretroviral drug development, as discussed by the
FDA [32], because a high 1Q indicates sufficient drug concentrations can be achieved that
may minimize the emergence of viral resistance and inform the selection of doses for phase
3 and 4 studies, as well as for select patient populations. For the available INSTIs, the
hierarchy of 1Q values, where 1Q is the ratio of typical trough plasma concentration achieved
with approved oral dose divided by the protein-binding adjusted 1Cqq or 95 iS cabotegravir >
dolutegravir > bictegravir > elvitegravir > raltegravir [20].

4. Pharmacokinetic Properties

The pharmacokinetics of INSTIs have recently been reviewed by Podany and colleagues,
and readers can find detailed pharmacokinetic parameters there [20]. All oral INSTIs may be
given with or without food (Table 1), except elvitegravir, where one study found that a low
versus high fat meal increased the area under the concentration time curve (AUC) by 34%
and 87%, respectively, compared with fasting [18]. The dolutegravir/rilpivirine FDC must
also be administered with food due to the rilpivirine component. As a class, oral absorption
can be impaired if taken with divalent or trivalent cations, discussed further in Section 4.2.

INSTIs are not extensively renally cleared and primarily undergo hepatic metabolism [20].
Raltegravir is primarily conjugated via uridine 5’diphosphate glucuronosyltransferase
(UGT) 1A1 [12]. Elvitegravir is primarily metabolized via cytochrome P450 (CYP) 3A4
enzyme and is the only INSTI that must be coadministered with a pharmacokinetic-
enhancer, cobicistat [8]. Dolutegravir is primarily conjugated by UGT1AL, with secondary
metabolism by CYP3A4 (10-15%) [17], while bictegravir is metabolized by both CYP3A4
and UGT1A [16]. Finally, cabotegravir is metabolized by both UGT1A1 (primarily) and
UGT1A9, with minimal CYP involvement [33]. The metabolic pathway of each INSTI
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informs the likelihood of metabolism-related drug-drug interactions, as discussed in Section
4.2.

The oral INSTIs have half-lives ranging from 9 to 38.8 hours [12, 16-18, 34]. Oral
cabotegravir has the longest half-life of the INSTIs, 38.8 hours, and intramuscularly
administered cabotegravir exhibits an exceptionally long and variable half-life, estimated as
2.3to 14.7 weeks [35, 36]. Considering the prolonged time to maximum concentration
(Crnax), @and the observed elimination half-life , cabotegravir is expected to accumulate over
the first several months of administration, and is detectable for several months after
discontinuation [37]. Landovitz and colleagues recently described that cabotegravir
remained detectable in 23% of males and 63% of females one year after discontinuing
cabotegravir for pre-exposure prophylaxis [37].

4.1 Special Populations

Overall, population pharmacokinetic studies have shown that oral INSTIs do not have any
clinically-relevant pharmacokinetic differences based upon race or sex in adults [12, 16, 17,
38, 39].

Ontogenic enzymatic changes that occur in pediatric patients inform INSTI dosing in infants
and children. For example, activity of the enzyme responsible for glucuronidation (i.e.,UGT)
is low at birth and increases dramatically during the first four to six-weeks of life in full-
term neonates [40]. This can lead to increased clearance of INSTIs that primarily undergo
UGT enzyme metabolism (i.e, dolutegravir, raltegravir, cabotegravir). Other potential
differences in enzymatic activity of specific age groups in pediatric patients should be
considered when selecting and dosing agents [41]. Recommendations on specific INSTIs in
pediatric patients vary by agent (Table 1), with raltegravir and dolutegravir allowing dosing
with formulations suitable for the smallest children. Some INSTIs may be used to treat
pediatric patients weighing 20 kg or more using standard, adult doses, while many FDCs
and newer agents do not yet have information for use in patients less than 18 years of age.

For many currently available INSTIs, the manufacturers recommend caution in geriatric use
(=65 years) given the greater frequency of decreased hepatic, renal or cardiac function in this
population [12, 13, 17]. However, a population pharmacokinetic analysis of participants in
phase 3 trials of bictegravir showed age did not have a clinically-relevant effect on
bictegravir exposures up to 74-years of age [16]. Similarly, clinical trials of elvitegravir
included participants over 65-years and found no differences in safety or efficacy compared
with participants age 18- to 65-years [18]. A pharmacokinetic analysis of dolutegravir in
PLWH who were = 60 years of age did find that the Cy,5« for dolutegravir was significantly
higher in this age group compared with a historical control population aged <50 years
(geometric mean 4246 ng/mL versus 3402 ng/mL, p=0.005) [42]. Despite the increased
Cmax: there was no excess risk of adverse events associated with dolutegravir. No
recommendations are available for cabotegravir in geriatric populations. Despite warnings in
product labeling, available data suggest INSTIs may be used in geriatric patients. Given the
aging PLWH, more pharmacokinetic and pharmacodynamic studies in geriatric persons at
conventional FDA-approved doses are needed.
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4.1.1 Pregnancy and Lactation—The US Department of Health and Human Services
(DHHS) Perinatal HIV Treatment Guidelines recommend ART therapy for all pregnant
PLWH [43]. However, pregnancy can cause physiological changes that have the potential to
impact ART pharmacokinetics, which may require dose considerations. For example,
induction of UGT1AL1 and CPY3A4 during pregnancy may influence INSTI metabolism
[44, 45]. Detailed reviews of INSTI pharmacokinetics during pregnancy was recently
described by van der Galien et al. and Podany et al [20, 46]; generally, INSTI exposure is
lower during pregnancy, resulting in variable clinical recommendations (Table 1).

Though the exposure of dolutegravir during pregnancy was decreased between 10-50%
compared to post-partum concentrations in several studies [47, 48], it still may be given
without dose adjustment during pregnancy as long as it is taken with food to increase
absorption [43]. This is based on the high rate of virologic suppression observed, and
because the median AUC during preghancy was similar to nonpregnant adults in clinical
trials. Raltegravir concentrations were 30-50% lower during pregnancy, though highly
variable, and the effectiveness during pregnancy was not affected by the reduced exposure
[49, 50]. Therefore, twice-daily raltegravir is recommended; the once-daily raltegravir HD
formulation should not be used in pregnant women due to the lower Cyyoygn Observed with
this formulation compared with twice-daily [43].

Three INSTIs have insufficient evidence to support their use or are not recommended during
pregnancy. Elvitegravir is not recommended due to significantly lower plasma
concentrations during pregnancy with associated cases of virologic failure [43, 44, 51]. For
example, Momper and colleagues performed a study in 30 pregnant women taking
elvitegravir/cobicistat once-daily and found that compared to postpartum data, elvitegravir
AUCs were 24% lower in the second trimester (n=14, geometric mean ratio [GMR] =0.76,
90% CI: 0.57, 1.0) and 44% lower in the third trimester (=24, GMR=0.56, 90% CI 0.42,
0.73) [51]. The reduced elvitegravir exposure during pregnancy is related to a decrease in
cobicistat exposure during pregnancy; cobicistat was 44% lower during the second trimester
(GMR 0.56, 90% CI 0.37, 0.85) and 59% lower in the third trimester (GMR 9.41, 90% ClI
0.30, 0.85) of pregnancy, leading to less pharmacokinetic enhancement of elvitegravir [51].
No pharmacokinetic studies are available for bictegravir during pregnancy, but studies in
pregnant women are ongoing. Cabotegravir pharmacokinetic data during pregnancy are
limited to three participants who became pregnant during clinical trials [52]. All three
individuals had adequate cabotegravir concentrations prior to pregnancy, throughout
pregnancy, and post-partum.

It is also important to consider fetal exposure throughout the antepartum period to ensure
prevention of HIV transmission from mother to fetus. Pharmacokinetic studies of
dolutegravir [47, 48, 53], elvitegravir [51, 54] and raltegravir [50] have shown placental
transfer with mean/median cord-to-maternal plasma ratios ranging from 0.09 to 1.5. A
comprehensive review of antiretroviral placental transfer is available [55].

The DHHS Perinatal HIV Treatment Guidelines recommend that women with HIV refrain
from breastfeeding due to the risk of HIV transmission [43], but this recommendation is not
consistent with international guidelines [56]. Data from a recent study found dolutegravir
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passes to milk in pregnant women (milk-to-plasma ratio of 0.03) [48]. Dolutegravir was
detectable in the plasma of the breastfed infants 10 days of age (range: 7-18) with mean
Chax Of 66.7 (range: 21-654) ng/mL, representing an infant to maternal plasma ratio of 0.03
and a mean minimum concentration of 60.9 (range: 16.3-479) ng/mL (infant:maternal ratio
0.08).

Based on pharmacokinetic results, dolutegravir and raltegravir are appropriate for use during
pregnancy for treatment of maternal HIV disease and for prevention of HIV transmission to
the infant [43]. There were no adverse effects observed due to infant exposure to
dolutegravir during breastfeeding in one clinical trial [48].

4.1.2 Renal/Hepatic Impairment—As a class, no clinically relevant differences in
INSTI pharmacokinetics have been observed between patients with renal impairment and
those with normal renal function. As such, no dose adjustments are required for the INSTI
component of regimens (Table 1) [57, 58]. However, plasma concentrations of dolutegravir
have been found to be decreased in persons with severe renal impairment [17]; therefore,
caution is advised in certain populations (e.g. those with INSTI-associated resistance).
INSTIs are highly bound to plasma proteins (albumin and alpha-1-acid glycoprotein, 83—
99%) and are not significantly removed by dialysis (hemodialysis or peritoneal dialysis);
therefore, no dose adjustments are required in patients who are receiving hemodialysis or
peritoneal dialysis [12, 16-18, 33]. Because most nucleoside reverse transcriptase inhibitors
(NRTIs) are renally excreted, the use of INSTI containing FDCs in patients with renal
insufficiency may be limited by the concurrent NRTIs (Table 1).

Liver disease has the potential to alter pharmacokinetics of drugs due to changes in hepatic
blood flow, altered plasma protein levels, and changes to CYP enzymes and/or
glucuronidation [59-61]. However, no significant differences have been seen in the
exposures of INSTIs in persons with mild to moderate hepatic impairment (Child-Pugh
Class A or B) and no dose adjustment are recommended (Table 1) [57, 62—-66]. Given the
lack of data available in persons with severe hepatic impairment (Child-Pugh Class C),
INSTIs are not recommended [12, 16-18, 33].

4.2 Drug interactions

Most INSTIs are not potent inducers or inhibitors of drug metabolizing enzymes, and so
infrequently cause metabolism related causing metabolism related drug-drug interactions
[8]. The exception is elvitegravir, which is an inducer of CYP2C9, and must be
coadministered with cobicistat, a potent CYP3A4 and a weak CYP2D6 inhibitor [13, 18].
Therefore, elvitegravir/cobicistat is commonly associated with metabolism related drug-drug
interactions that effect the exposure of co-administered CYP substrates. Any drug that is a
strong inducer or inhibitor of CYP3A and/or UGT1A1 may substantially influence the
plasma concentrations of INSTIs [8]. Of the INSTIs, elvitegravir is the most susceptible to
adverse drug-drug interactions because it is primarily metabolized by CYP3A4 [13, 18].
Bictegravir and dolutegravir are metabolized by both CYP3A4 and UGT, and comparatively,
bictegravir is more susceptible to drug-drug interactions via CYP3A4 compared to
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dolutegravir [16, 17]. Raltegravir and cabotegravir have a lower risks of metabolism related
drug-drug interactions as they do not undergo CYP3A4 metabolism [12, 14].

Co-administration of rifampin with each INSTI illustrates the potential for metabolism
related drug-drug interactions. A phase 1 drug interaction study evaluated the exposure of
dolutegravir 50mg once- or twice-daily when co-administered with rifampin [67]. Twice-
daily dolutegravir exposures were 54—72% lower in participants receiving rifampin
compared with twice-daily dolutegravir without rifampin. However, participants receiving
dolutegravir twice-daily with rifampin had higher dolutegravir exposure than those receiving
standard dose dolutegravir once-daily without rifampin [GMR (90% CI): AUCg_o4p: 1.33
(1.15, 1.5); Cyrough: 1.22 (1.01, 1.48)]. Clinical data in patients being treated for both HIV
and tuberculosis support the efficacy of dolutegravir given twice-daily when combined with
rifampin or other enzyme inducing agents [68]. Some guidelines recommend an increase in
the adult dose of raltegravir from 400mg to 800mg twice-daily based on reduced raltegravir
exposure of 40-61% when combined with rifampin; once-daily raltegravir HD is not
recommended [8]. Alternatively, some guidelines do not recommend the increased dose
based on one study that demonstrated similar virologic response among participants
receiving either raltegravir 400mg or 800mg twice-daily in combination with rifampin (n=51
per group) [virologic suppression: 76% (95% CI 65%, 88%) vs. 78% (95% CI, 67%, 90%),
respectively] [69]. In contrast to dolutegravir and raltegravir, coadministration of rifampin
and bictegravir, cabotegravir, or elvitegravir is contraindicated [13, 14, 16, 18]. When
rifampin was combined with bictegravir 50mg daily, the bictegravir exposure decreased 46—
61% and could not be overcome when bictegravir was increased to twice-daily [8]. Oral
cabotegravir has been investigated in one healthy-volunteer study that found that co-
administration with rifampin reduced cabotegravir AUC by nearly 60% [70]. Finally, a
physiologically-based pharmacokinetic model predicted that oral rifampin will decrease the
exposure of intramuscular cabotegravir 41-46% [71].

A common drug-drug interaction encountered with INSTI therapy is coadministration of
polyvalent cations, which may decrease INSTI absorption due to chelation. The specific
management of these interactions is dependent upon the polyvalent cation and its dose, the
INSTI, and how the combination was evaluated in pharmacokinetic studies [8]. For example,
bictegravir may be coadministered with antacids containing calcium when taken together
with food, but not on an empty stomach because food increases the exposure of bictegravir
[16]. In contrast, any antacids containing aluminum or magnesium should be given at least
two hours after, or six hours before, bictegravir administration. Once-daily raltegravir should
not be coadministered with calcium containing antacids, but the 400mg twice-daily dose
may be coadministered with calcium antacids irrespective of timing because the twice-daily
formulation achieves higher Cyqygnh compared with the once-daily formulation [12].
Raltegravir should not be combined with aluminum or magnesium containing antacids.
Interactions with oral cabotegravir, dolutegravir, and elvitegravir may be managed by dose
separation of the calcium, aluminum, or magnesium-containing antacid and the INSTI [13,
14, 17, 18]. Beyond antacid interactions, consideration of INSTI dosing is required with
supplements or laxatives containing polyvalent cations. Specific recommendations exist for
calcium and iron supplements, and are often extrapolated to other polyvalent cation
containing products [8].
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Drug transporters are a cause of some drug-drug interactions involving some INSTIs. /n
vitro studies have shown that bictegravir and dolutegravir inhibit the organic cation
transporter 2 (OCT2) and multidrug and toxin extrusion transporter 1 (MATEL1) [16, 17, 72].
Coadministration of bictegravir or dolutegravir with other drugs that are substrates of OCT2
and MATEZ1, such as metformin or dofetilide, may increase concentrations of the
coadministered medications. Due to the narrow therapeutic index of dofetilide,
coadministration with either dolutegravir or bictegravir is contraindicated [16, 17].
Dolutegravir and bictegravir increase metformin exposure 66—79% and 39%, respectively
[17]. Case reports of dolutegravir plus metformin report the occurrence of lactic acidosis
when metformin was combined with dolutegravir, as well as case reports of loss of glycemic
control when the dose of metformin was empirically reduced in combination with
dolutegravir [73]. Therefore, the risk/benefit of combining metformin with either bictegravir
or dolutegravir should be evaluated on a case-by-case basis.

INSTIs are involved in bidirectional drug-drug interactions to a varying degree based on
their unique pharmacology. An up-to-date drug-drug interaction resource is recommended
when evaluating INSTI-related interactions, including the DHHS Adult and Adolescent
Treatment Guideline drug-drug interaction tables [8] or the University of Liverpool’s
database (http://hiv-druginteractions.org).

5. Clinical Efficacy

The INSTIs are a key component of modern ART regimens for treatment-naive and
treatment-experienced PLWH. One unique attribute of the INSTIs is rapid virologic
suppression compared with other antiretroviral classes. All of the oral INSTIs demonstrate a
rapid virologic decay and potent suppression as early as 4 weeks after initiation in treatment-
naive individuals [8, 43, 74-76]. For example, in a study comparing dolutegravir- to
bictegravir-containing regimens, 76% to 80% of participants demonstrated virologic
suppression within four weeks of treatment initiation [74]. Table 2 summarizes the
difference (95% CI) in virologic suppression for each clinical trial discussed in this section.

5.1 Raltegravir

Raltegravir efficacy was compared against an NNRTI regimen containing efavirenz in the
STARTMRK study [77]. With raltegravir twice-daily plus two NRTIs, virologic suppression
rates at week 48 were 86.1% compared with 81.9% in the efavirenz arm. Raltegravir efficacy
remained largely durable, with 71% of raltegravir participants and 61.3% of efavirenz
participants maintaining virologic suppression through week 240 [78]. The long-term
success of raltegravir compared with efavirenz was largely driven by efavirenz treatment
discontinuations.

Two switch studies, SWITCHMRK-1 and 2, investigated raltegravir efficacy in treatment-
experienced, virologically-suppressed adults receiving a lopinavir/ritonavir-based ART
regimen [79]. Participants were randomized to continue the Pl-based regimen or to switch to
a raltegravir twice-daily regimen. The study was terminated at week 24 due to lower than
expected virologic efficacy of raltegravir: 84% of raltegravir recipients and 91% of
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lopinavir/ritonavir achieved virologic suppression. These results failed to establish non-
inferiority of raltegravir as a switch strategy [79].

The BENCHMRK trials explored efficacy of raltegravir in treatment-experienced
participants with triple drug class resistance [80]. Both studies were randomized studies,
comparing raltegravir twice-daily versus placebo in addition to optimized background
therapy. Week 48 results demonstrated the efficacy of raltegravir as part of a salvage regimen
(virologic suppression: raltegravir, 62.1%; placebo, 32.9%). Week 96 and 156 results largely
mimic week 48 outcomes, with 51% of raltegravir recipients and 22% of placebo recipients
sustaining virologic suppression through week 156 [81, 82].

Given the necessity of twice-daily dosing of original raltegravir formulation, the QDMRK
study investigated the possibility of once-daily dosing in treatment-naive individuals [83].
Comparing raltegravir once-daily (two 400mg tablets taken together every 24h) versus
twice-daily (one 400mg tablet every 12 hours), both in combination with emtricitabine/
tenofovir DF, the once-daily regimen had lower virologic suppression at week 48.
Subsequently, the raltegravir HD 600mg tablet was developed and ONCEMRK again
investigated the possibility of once-daily raltegravir dosing with the new formulation [84].
The ONCEMRK study found the once-daily raltegravir 1200mg was non-inferior to standard
twice-daily raltegravir in virologic suppression at week 48 [84]: 89% of those receiving
once-daily raltegravir versus 88% of the twice-daily group. These results continued through
week 96, where 81.5% of the once-daily and 80.1% of the twice-daily participants with HI\/-
RNA <40 copies/mL [85].

In summary, raltegravir was the first-in-class INSTI with demonstrated efficacy, given as
twice-daily dosing, for treatment-naive and -experienced individuals. The raltegravir HD
formulation offers an alternative, once-daily dosing regimen for treatment-naive individuals.
Raltegravir is the only INSTI not approved for antiretroviral switch in virologically-
suppressed individuals.

5.2 Elvitegravir

Elvitegravir efficacy has been demonstrated in a number of studies, beginning with the FDC
containing tenofovir DF in GS102 and GS103 in treatment-naive individuals. When
compared against efavirenz/tenofovir DF/emtricitabine in treatment-naive individuals,
87.6% of participants receiving elvitegravir had virologic suppression compared with 84.1%
for efavirenz at week 48 [86]. Similar rates of virologic suppression were observed through
week 144 (elvitegravir, 80.2% vs. efavirenz, 75.3%) [87, 88]. Similar non-inferior
performance was observed when the elvitegravir FDC was compared against boosted
atazanavir-based regimens in treatment-naive individuals [89-91]. At week 48, 89.5% of
elvitegravir recipients and 86.8% of PI recipients were virologically suppressed [89]; and
77.6% and 74.6%, respectively, remained suppressed through week 144 [91].

The elvitegravir FDC containing tenofovir DF were evaluated in three switch studies for
treatment-experienced, virologically suppressed individuals. In participants randomized to
continue on NNRTI-based ART or switch to the elvitegravir FDC, no difference was found
in virologic suppression at 48 or 96 weeks [92, 93]. Similarly, in individuals randomized to
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continue a Pl-containing ART regimen or switch to the elvitegravir FDC found no difference
in virologic suppression at week 48; at week 96, however, the elvitegravir FDC was superior
(87% vs 70%) [94, 95], driven by virologic failures and discontinuations for non-virologic
reasons [94]. Finally, in individuals on twice-daily raltegravir-based ART, 100% of 48 study
participants remained virologically-suppressed at week 48 after switching to the elvitegravir
FDC [96].

Two studies, GS104 and GS111, compared the efficacy of the newer elvitegravir FDC
containing tenofovir AF with the elvitegravir FDC containing tenofovir DF in treatment-
naive individuals [97-99]. In GS104, 93% versus 92% of participants in each of the arms
met the study-defined endpoint of virologic suppression at week 48, while GS111 reported
92% (tenofovir AF arm) versus 89% (tenofovir DF arm) of participants meeting virologic
suppression at week 48 [97]. No differences were found between regimens with respect to
baseline CD4+, age or race. Combined long term efficacy data from both studies found
similar rates of virologic suppression between groups at week 96 and 144 [98, 99].

The tenofovir AF-containing elvitegravir FDC was also studied in treatment-experienced
patients [100]. In GS109, virologically-suppressed adults receiving a tenofovir DF-
containing regimen (combined with either efavirenz, elvitegravir/cobicistat, or boosted-
atazanavir) for 296 weeks were switched to the elvitegravir FDC containing tenofovir AF, or
continued their tenofovir DF-containing ART. At week 48, switching to the tenofovir AF
regimen was non-inferior to remaining on the tenofovir DF-containing regimens with
virologic suppression rates of 97% vs. 93%, respectively; at week 96, the tenofovir AF arm
was statistically favored (93% vs. 89%) [100, 101].

In summary, both elvitegravir FDCs have demonstrated efficacy in clinical trials of
antiretroviral-naive individuals or treatment-experienced, virologically-suppressed
individuals who have not previously received INSTIs. The available data suggest the newer
FDC formulation of elvitegravir containing tenofovir AF results in similar treatment efficacy
compared to the original FDC containing tenofovir DF. Therefore, if elvitegravir is used,
clinicians may choose between the formulations based upon clinical considerations related
to pill size, cost, or adverse effects.

5.3 Dolutegravir

Dolutegravir efficacy has been demonstrated in studies of treatment-naive individuals as
well as in ART-experienced individuals. In the SINGLE trial, a once-daily regimen of
dolutegravir/abacavir/lamivudine was compared against a once-daily regimen of efavirenz/
tenofovir DF/emtricitabine in treatment-naive individuals. At week 48, superiority of the
dolutegravir-based regimen was realized with 88% of participants in the dolutegravir arm
and 81% in the efavirenz arm achieving virologic suppression [102]. The superiority of
dolutegravir continued to week 144, with 71% of dolutegravir versus 63% (p<0.01) of
efavirenz recipients maintaining virologic suppression [103]. Interestingly, the dolutegravir
arm had lower study drug discontinuation rates at weeks 48 and 144 (2% vs. 10% at week 48
and 3% vs. 11% at week 144), likely due to central nervous system adverse events
associated with efavirenz [103, 102]. Dolutegravir was also compared with ritonavir-boosted
darunavir in the FLAMINGO trial. In this study of ART naive-individuals, dolutegravir-
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based ART was superior to darunavir-containing regimens at both week 48 and 96 [104,
105].

Dolutegravir was also compared with a first generation INSTI, raltegravir, for treatment-
naive individuals [106]. SPRING-2 randomized participants to either dolutegravir once-daily
or raltegravir twice-daily, both with two NRTIs. At week 48, 88% of dolutegravir and 85%
of raltegravir recipients achieved virologic suppression, meeting the prespecified non-
inferiority margin of 10%. Non-inferiority was confirmed at the week 96 analysis with 81%
of the dolutegravir group and 76% of the raltegravir group maintaining virologic suppression
[107]. In the SAILING study, dolutegravir was again compared against a raltegravir-based
regimen, only this time in ART-experienced participants who were INSTI-naive but with at
least two drug class resistance [108]. Participants were randomly assigned to either
dolutegravir once-daily or raltegravir twice-daily in addition to optimized background
therapy. At week 48, 71% of dolutegravir and 64% of raltegravir participants were
virologically suppressed, demonstrating superiority of dolutegravir in this group of
individuals with drug resistance.

The VIKING phase 2b study was the first study to evaluate dolutegravir in participants with
prior INSTI resistance, dosed either once- (cohort 1) or twice-daily (cohort 2) [109].
Participants failing a raltegravir-containing regimen substituted dolutegravir for raltegravir
for 10 days, then received an optimized background regimen continaing dolutegravir through
week 24. More participants receiving dolutegravir twice-daily achieved the primary endpoint
of at least a 0.7 logg decline in the HIV-RNA, or HIV-RNA < 400 copies/mL, on day 11
(23/24; 96%) compared with dolutegravir once-daily (21 of 27; 78%). The advantage of
twice-daily dosing persisted through 24 weeks (virologic suppression: twice-daily, 75% vs.
once-daily group, 41%). The VIKING-3 study investigated dolutegravir twice-daily in
participants failing either a raltegravir or elvitegravir based regimen with INSTI resistance
[110]. Dolutegravir twice-daily replaced raltegravir or elvitegravir in the failing regimen
during the first 7 days of the study, followed by an optimized background regimen according
to resistance data. The primary study endpoints were the change in HIV-RNA from baseline
to day 8 and the proportion of participants with virologic suppression at week 24. In the
intention to treat population of 183 participants, the mean change in plasma HIV-RNA from
baseline to day 8 was —1.43 logyg and 69% of the participants were suppressed at week 24.

There are currently two FDA-approved FDC products containing dolutegravir plus a second
antiretroviral, representing two-drug combination ART. Efficacy of dolutegravir/rilpivirine
was demonstrated in two switch studies in participants receiving three-drug ART [111].
These trials, SWORD-1 and SWORD-2, participants were on a combination of two NRTIs
plus either a PI, NNRT]I, or INSTI for at least 6 months with virologic suppression.
Participants were randomized to continue their current three-drug therapy or switch to the
dolutegravir/rilpivirine FDC. In a pooled data analysis, 95% of participants in each treatment
arm reached the primary endpoint of virologic suppression at week 48. There were no
significant treatment differences by baseline CD4+ count, age, gender, race or baseline ART
regimen. At week 52, 477 of the 511 participants originally randomized to the three-drug
arm were eligible to switch to dolutegravir/rilpivirine [112]. An analysis of all participants

Drugs. Author manuscript; available in PMC 2021 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Scarsi et al.

Page 13

receiving dolutegravir/rilpivirine at week 100 found 93% of these participants maintained
virologic suppression.

Efficacy of dolutegravir/lamivudine was demonstrated in two randomized trials of treatment-
naive adults with baseline HIV-RNA <500,000 copies/mL [113]. In the GEMINI-1 and
GEMINI-2, participants were randomized to receive dolutegravir plus emtricitabine/
tenofovir DF or dolutegravir plus lamivudine, each given as two separate tablets once-daily.
In a pooled analysis, there were no significant differences in virologic suppression at week
48 (91% in the two-drug arm and 93% in the three-drug arm). In each of the trials, lower
response rates were observed for individuals with baseline CD4+ counts <200 cells/mm3 in
the two-drug group vs. the three-drug group (81 vs. 90%, respectively, GEMINI-1; 78 vs.
96%, respectively, GEMINI-2), although it must be noted only 8% (n=118) of the total study
population had CD4+ <200 cells/mm3 [114]. Dolutegravir plus lamivudine remained non-
inferior to the three-drug regimnen at week 96, with 86% and 89.5% of participants in the
two and three drug arms maintaining virologic suppression [115].

Clinical trials involving dolutegravir have demonstrated its efficacy in treatment-naive
individuals as part of both traditional, three-drug ART regimens, and as a novel, two-drug
ART regimen containing lamivudine as a partner drug. Notably, the three drug regimens
containing dolutegravir were superior to efavirenz-based ART and non-inferior to
raltegravir-based ART, while dolutegravir/lamivudine was non-inferior to dolutegravir-
containing, three-drug ART regimens for antiretroviral-naive individuals. In addition,
dolutegravir is an alternative INSTI for individuals who have failed raltegravir or
elvitegravir-based regimens with INSTI resistance. Finally, the dolutegravir/rilpivirine FDC
is a switch-strategy for individuals suppressed on another ART combination.

5.4 Bictegravir

Bictegravir efficacy has been demonstrated in two phase 3 randomized trials in HIV
treatment-naive individuals, each comparing the bictegravir FDC with a dolutegravir-based
regimen. In study GS1489, the bictegravir FDC was non-inferior to the dolutegravir/
abacavir/lamivudine FDC [116, 117]. At week 48, 92.4% of participants in the bictegravir
arm and 93% in the dolutegravir arm achieved virologic suppression [116]; non-inferiority
was maintained at week 96 (bictegravir: 88% vs. dolutegravir: 90%) [117]. Similar virologic
suppression was observed in study GS1490 where the bictegravir FDC was compared with
dolutegravir in combination with emtricitabine/tenofovir AF [118, 119]. At week 48, 89% of
bictegravir recipients and 93% of dolutegravir were virologically suppressed [118]; non-
inferiority was maintained through week 96 (bictegravir: 84% vs. dolutegravir: 86%) [119].
There were no differences in efficacy in participants with lower (<100,000 copies/mL)
versus higher (>100,000cpm) HIV-RNA. Nor were there differences in treatment outcomes
in subgroup analysis of those with varying baseline CD4+ cell counts.

In switch studies, the bictegravir FDC was non-inferior to remaining on either a
dolutegravir-based regimen or a Pl-based regimen. In study GS1844, the bictegravir FDC
was compared against dolutegravir/abacavir/lamivudine in persons who were virologically
suppressed for at least 3 months. Participants were randomly assigned to continue the
dolutegravir regimen or switch to the bictegravir FDC regimen. At week 48, 3 of 282 (1%)
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participants in the bictegravir arm, and 1 of 281 (<1%) in the dolutegravir arm had HIV-
RNA of =50 copies/mL, demonstrating non-inferiority [120]. In a similar study design with
virologically-suppressed participants receiving a boosted atazanavir or darunavir containing
ART regimen, switching to the bictegravir FDC was again non-inferior to remaining on the
boosted PI regimen. At week 48, each arm had 2% of participants with HIV-RNA =50
copies/mL [121]. Finally, a switch study looking at participants with pre-existing resistance
to NRTIs (eg. M184V, K65R, thymidine analog mutations (TAMS)) found no significant
differences in virologic suppression at week 48 between switching to the bictegravir FDC
versus a dolutegravir plus emtricitabine/tenofovir AF [122].

In summary, the bictegravir FDC has demonstrated non-inferiority to dolutegravir FDC for
individuals who are ART-naive and those virologically suppressed on another regimen.
Recent data suggest bictegravir may be effective in participants with a history of NRTI
resistance [122], but data are needed to confirm the expectation that this second-generation
INSTI will also offer an effective alternative for individuals with resistance to first-
generation INSTIs.

5.5 Cabotegravir

The cabotegravir/rilpivirine combination has been studied in phase 3 clinical trials as once-
monthly intramuscular injections [24, 25]. In the FLAIR trial, treatment-naive adults were
given 20 weeks of oral therapy with dolutegravir/abacavir/lamivudine [24]. Participants who
reached virologic suppression by week 16 were randomized 1:1 to either continue
dolutegravir-based therapy or receive one month of oral cabotegravir and rilpivirine followed
by long-acting injectable cabotegravir/rilpivirine. At week 48, 2.1% of the participants in the
long-acting arm and 2.5% in the oral therapy arm were virologically suppressed,
demonstrating non-inferiority.

A second phase 3 study investigated monthly intramuscular cabotegravir and rilpivirine as
maintenance therapy [25]. The ATLAS study enrolled PLWH who were virologically
suppressed for at least six months while taking a NNRTI, Pl or INSTI based regimen.
Dolutegravir/abacavir/lamivudine was excluded in an attempt to broaden the generalizability
of the ATLAS study, as dolutegravir-based regimens were the focus of the FLAIR study.
Participants were randomized to continue their oral ART or to switch to intramuscular
cabotegravir/rilpivirine. Similar to the FLAIR study, participants randomized to the
cabotegravir arm of ATLAS were first given a four week lead in of daily oral cabotegravir
and rilpivirine, followed by monthly injections of the long-acting cabotegravir/rilpivirine
formulations. At week 48, 1.6% of participants in the long acting ART arm and 1.0% in the
continued oral therapy arm were virologically suppressed, meeting the predefined criteria for
non-inferiority.

The ideal dosing interval for intramuscular cabotegravir/rilpivirine is being explored in

ATLAS-2M. Participants who were virologically suppressed on either oral therapy or in the
ATLAS study receiving cabotegravir/rilpivirine intramuscularly were randomized to receive
either cabotegravir/rilpivirine every four weeks or every eight weeks. Preliminary data show
the two dosing strategies met the non-inferiority criteria, with 1.0% of those receiving every
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four-week injections and 1.7% of those receiving every eight-week injections maintaining
virologic suppression at week 48 [123].

Efficacy data support injectable cabotegravir/rilpivirine for individuals who attain virologic
suppression on oral ART. The optimal dosing frequency of injectable cabotegravir/rilpivirine
remains an area investigation, with the most data to date supporting once-monthly injections.
However, emerging data suggest the potential for future dosing every eight weeks.
Cabotegravir is also being investigated as a single agent for injectable pre-exposure
prophylaxis, which is beyond the scope of this review [124, 125].

6. Safety and Tolerability

INSTIs are generally associated with lower rates of adverse effects than comparator classes
in clinical trials. A summary of safety and tolerability data from phase 3 clinical trials is
given in Table 3. Additionally, cohort studies have identified low rates of discontinuation
due to adverse effects among INSTIs [11, 126]. Specific concerns related to INSTIs,
including neuropsychiatric adverse events (NPAE), fetal toxicity, as well as weight and
metabolic complications, have been identified and are discussed in Sections 6.1-6.3.

In clinical trials of raltegravir-based ART, mild to moderate rashes were most commonly
observed through 96 weeks [81, 127]. Rash was more frequent with raltegravir versus
placebo (11.3% and 6.3%) but lower in comparison with efavirenz (9.6% vs. 20.9%) [128].
While Stevens-Johnsons Syndrome has been reported with raltegravir, no cases were
observed in clinical trials [128]. Further, significantly lower rates of dyslipidemia were
observed when compared with efavirenz- [77, 129] or Pl-based regimens [130, 131].
Creatinine phosphokinase (CPK) elevations occurred in clinical trials with raltegravir, but
none of these cases lead to treatment discontinuation [128, 132]. One cross-sectional, cohort
study found higher rates of myalgias (19% vs. 3%, p<0.001) and myopathies (4% vs. 0%,
p<0.001) in persons taking raltegravir compared to a control group [133]. There were no
differences in CPK elevations (14% vs. 16%, p<0.001) nor any cases of rhabdomyolysis
observed, but post-marketing reports of rhabdomyolysis have been reported [134-138].

Overall, a higher rate of adverse effects are reported with elvitegravir compared with other
INSTIs, which may be related to the coformulation with cobicistat. Gastrointestinal adverse
events (nausea and diarrhea), abnormal dreams, CPK elevations, and headache have been
reported in >5% of individuals receiving elvitegravir-based regimens (Table 3) [86, 89, 96,
98]. Compared to dolutegravir or raltegravir, the elvitegravir FDC resulted in higher rates of
fatigue, malaise, and gastrointestinal adverse effects [139]. Despite cobicistat-boosting of
elvitegravir, lower rates of dyslipidemias, diarrhea, and hyperbilirubinemias were observed
with elvitegravir FDC compared with atazanavir/ritonavir-based regimens [89]. Greater
increases in serum creatinine and reductions in glomerular filtration rates were observed
with the elvitegravir FDC containing tenofovir DF compared with both NNRTI- and PlI-
based regimens [86, 89]. This adverse effect is secondary to a well described non-pathologic
inhibition of renal tubular secretion of serum creatinine by cobicistat [140]. In contrast, the
FDC containing tenofovir AF demonstrated less effect on glomerular filtration rate, as well
as lower proteinuria, albuminuria, and tubular proteinuria [100]. Additionally, safe use of the
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elvitegravir FDC containing tenofovir AF was demonstrated among persons with moderate
to severe renal dysfunction (creatinine clearance 30-59 ml/min) and also those on
hemodialysis [141].

In clinical trials, dolutegravir has been associated with nausea, headache, and elevation in
aspartate aminotransferase and CPK in =5% of participants (Table 3) [102, 106, 111, 113,
116, 142] Asymptomatic elevations in CPK across trials with dolutegravir intervention arms
occurred in 5% (naive) and 2% (experienced) of patients [132]. Insomnia was reported more
often among naive participants on dolutegravir compared with other antiretrovirals in a
recent meta-analysis (6.1% vs. 4.5%; p=0.02) [143].

The most common adverse events associated with the bictegravir FDC in clinical trials were
gastrointestinal (diarrhea, nausea), headache, and CPK elevations (Table 3) [116, 118]. In
comparison with dolutegravir/abacavir/lamivudine, lower rates of nausea were observed
with bictegravir/emtricitabine/tenofovir AF among treatment-naive participants at week 96
(11% vs. 24%; p<0.001) [117]. Additionally, statistically lower rates of nausea were
observed in a trial of participants randomized to switch to bictegravir/emtricitabine/tenofovir
AF or remain on dolutegravir/abacavir/lamivudine (0% vs. 2%, respectively; p=0.03) [120].
The difference in nausea may be related to the NRTIs (abacavir vs. tenofovir AF), rather
than the INSTI component of the FDC, but because bictegravir is not available outside of the
FDC, it is difficult to separate related adverse events. One cohort study observed low rates of
adverse events (8.9%; n=18/201) and discontinuations due to adverse events (4%; n=9/201)
in persons treated with bictegravir [144]. Rash was the most commonly reported adverse
event (n=10/18; 56%) and cause for discontinuation (n=7/9; 78%).

Due to the high-volume intramuscular injection of cabotegravir/rilpivirine, high rates of
injection site reactions (ISR), including pain, nodule and swelling at the injection site were
observed among trial participants. The majority receiving injectable cabotegravir/rilpivirine
experienced at least one ISR in FLAIR and ATLAS (83% and 82%, respectively) [24, 25].
ISR were typically mild to moderate in severity with most (88%) resolving within 7 days
(median, 3 days). A higher incidence of ISRs was reported at week 4 after the loading dose,
decreasing over time to week 48 (FLAIR: 69% to 11%; ATLAS: 71% to 20%). Similar ISR
outcomes were seen in ATLAS-2M, despite the larger dosing volume in the 8-week dosing
arm, as illustrated by the proportion with ISR at weeks 4 and 48, respectively (four-week
arm: 53% and 19%; eight-week arm: 70% and 20%) [123]. Reassuringly, low
discontinuation rates due to ISRs (range: <1-2%) were observed [24, 25, 123]. Aside from
ISR, the most common drug-related adverse events were headache and pyrexia (Table 3) [24,
25].

6.2 Neuropsychiatric Adverse Events

NPAEs have commonly been reported in clinical trials and post-marketing studies of
INSTIs. The reported NPAEs primarily include dizziness, depression, anxiety, headache,
insomnia and other psychiatric disorders [132]. Higher rates of psychiatric disorders were
observed when comparing dolutegravir with darunavir/ritonavir-based ART (6/242 [2.5%)]
vs. 1/242 [0.4%]) [104]. Yet, most NPAEs secondary to INSTI-based ART have been
compared with NNRTI-based regimens and between INSTI-based regimens.
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In comparative clinical trials, dolutegravir and elvitegravir-based ART were associated with
fewer NPAEs compared with efavirenz-based ART. In STARTMRK, NPAEs were higher for
participants receiving efavirenz compared with those receiving raltegravir at weeks 8 (18%
vs. 10%, p=0.0149) and 48 (23% vs. 14%, p=0.0044) [77]. Dizziness (24% vs. 7%),
abnormal dreams (27% vs. 15%), and insomnia (14% vs. 9%) were significantly more
common (all p<0.01) with efavirenz in comparison with elvitegravir [86]. Further, treatment-
naive participants receiving dolutegravir-based ART experienced less NPAEs (dizziness,
abnormal dreams, anxiety, somnolence) compared with efavirenz-based ART in the SINGLE
trial; however, insomnia was more common in the dolutegravir arm (15% vs. 10%) [102].
Discontinuations across these trials were low and rarely associated with NPAEs

Similar rates of NPAEs (range, 4-6%) were seen within the SPRING trials comparing
dolutegravir and raltegravir [106]. This was consistent with randomized clinical trials
investigating bictegravir- versus dolutegravir-based ART, which found similar, but rare, rates
of NPAE or discontinuation between treatment arms [116, 120, 142]. Further, NPAEs were
rarely observed in the randomized clinical trials of long-acting cabotegravir/rilpivirine in
both treatment-naive and —experienced persons [25, 123]. In contrast, the SWORD studies
found NPAEs more common (5% vs. <1%) in the dolutegravir/rilpivirine treatment arm
compared with the standard of care arm (INSTI-, PI-, or NNRTI-based ART) and more
participants in the dolutegravir/rilpivirine arm discontinued due to NPAE (n=5 vs. 1) [111].

Numerous observational cohort studies have evaluated the rates NPAEs and associated ART
discontinuation among patients initiated on, or switched to, INSTI-based regimens. In a
cohort study of 323 participants, higher rates of NPAEs (depression, vertigo, and sleep
disturbances) were observed for dolutegravir compared to elvitegravir or raltegravir (10%
vs. 1-2%, respectively), while a larger cohort of 1344 participants on the same regimens
found a similar trend for higher, but not statistically different, rate of NPAESs in those
receiving dolutegravir (3.5%) compared to raltegravir (2.8%) or elvitegravir (1.6%) [139,
145]. Several cohort studies found higher rates of discontinuation associated with NPAES in
patients receiving dolutegravir compared to either elvitegravir or raltegravir [11, 146-148].
Female sex at birth, elderly persons (>60 years), lower CD4+ cell counts, and use of
dolutegravir with or without abacavir have all been identified as predictive factors for
therapy discontinuation related to NPAEs in European cohorts [11, 147-149]. However,
these predictive factors have not been consistently identified across studies [126, 146]. Few
cohort data are available with regard to NPAE incidence among patients treated with
bictegravir or cabotegravir; however, similar rates of NPAE were observed between
bictegravir/emtricitabine/tenofovir AF and dolutegravir/abacavir/lamivudine in one switch
study [120].

Overall, though NPAEs are associated with INSTIs, the occurrence of INSTI discontinuation
appears to be low based on the evidence to date. Therefore, providers should educate and
monitor patients for NPAEs, and modify therapy as needed. Some NPAEs, such as sleep
disturbances, may be managed by revising the dose time from evening to morning, while
severe NPAEs may require therapy modification.
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6.3 Fetal Toxicity

Raltegravir use among pregnant women has demonstrated an acceptable safety profile and
low rates of fetal toxicity [49, 50]. The prevalence of birth defects among infants exposed to
raltegravir during the first trimester of pregnancy was 3.09% (95% ClI: 1.42-5.79)
comparable with the US population average rate of 2.72% [150, 151]. One retrospective
cohort of pregnant individuals (n=497) receiving raltegravir-based ART found similar rates
of birth defects among infants exposed to raltegravir during the first versus the second/third
trimesters (5.7% vs. 3.5%, respectively; p=0.29) [152].

Zash et el. reported higher rates of birth defects among infants exposed to dolutegravir at the
time of conception that raised concern around the use of dolutegravir at the time of
conception or during early pregnancy [153, 154]. In the initial report, rates of birth defects
for those who started dolutegravir at conception, started on dolutegravir during pregnancy;,
started on a non-dolutegravir regimen at conception, or were HIV-negative were 0.94%
(4/426), 0.00% (0/2,812), 0.12% (14/11,300), and 0.09% (61/66,057), respectively [153].
After further observations of the same study cohort, the prevalence of neural tube defects
was 0.30% (5/1,683) among infants exposed to dolutegravir regimens at conception
compared with 0.10% (15/14,792) among infants exposed to non-dolutegravir regimens at
conception (difference, 0.20%; 95% CI: 0.01-0.59) [154]. According to the Antiretroviral
Pregnancy Registry, the rate of birth defects was 3.6% (11/302) for infants exposed to
dolutegravir at any time during pregnancy, while the rate of neural tube defects was 0.004%
(1/248) for infants with dolutegravir exposure at periconception [150].

No increased risk of birth defects have been observed in infants exposed to elvitegravir-
based ART during pregnancy [150]. The prevalence of birth defects in infants with
elvitegravir exposure during the first-trimester was 2.50% (6/240) compared with the U.S.
overall prevalence of 2.72% [150, 151]. However, as described in Section 4.1.1 elvitegravir
exposure is decreased during pregnancy, suggesting it may not be the optimal regimen for
pregnant women [43].

The DHHS Perinatal HIV Treatment Guidelines currently recommend raltegravir- and
dolutegravir-based regimens for pregnant PLWH, while dolutegravir-based regimens are an
alternative regimen during periconception [43]. The World Health Organization recommends
dolutegravir as preferred therapy for all PLWH, irrespective of pregnancy or childbearing
potential [9]. There are no data to support the use of bictegravir or cabotegravir among
pregnant women, as the prevalence of birth defects among infants exposed to either is
unknown.

6.4 Weight Gain and Metabolic Concerns

Recent reports of weight gain associated with the use of INSTI-based ART is a rising
concern [155, 156]. A pooled analysis of eight randomized controlled trials among ART-
naive persons with 96 weeks of follow-up found INSTIs, specifically dolutegravir and
bictegravir, associated with more weight gain compared with NNRTIs and Pls [157]. The
use of tenofovir AF in combination with the INSTI was associated with more weight gain
than other NRTI partner drugs. Predictive clinical factors associated with weight gain were
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lower CD4+ cell count, higher HIV-RNA, no injection drug use, female sex at birth, and
black race.

The NAMSAL trial was a randomized, non-inferiority trial in Africa evaluating three once-
daily treatments consisting of dolutegravir in combination with emtricitabine/tenofovir AF,
dolutegravir plus emtricitabine/tenofovir DF, or efavirenz 400mg plus emtricitabine/
tenofovir DF in treatment-naive participants; a majority of participants (65.9%) were female
[158]. Analogous with Sax et al. [157], larger weight gain and obesity incidence was
observed at 48 weeks in participants in the dolutegravir compared with efavirenz arms
(median weight gain, 5.0 kg vs. 3.0 kg; incident obesity, 12.3% vs. 5.4%). The ADVANCE
trial was a randomized trial in Africa among treatment-naive participants with the same
treatment arms as NAMSAL, except efavirenz was dosed as 600mg daily [159]. The
population was nearly all black race and 59% were female. At 96 weeks, weight gain was
most common in the dolutegravir groups, particularly those receiving tenofovir AF, and
higher among females. Incidence in new obesity was higher overall for females, but a similar
trend was observed among treatment arms and sex (incident obesity male vs. female:
tenofovir AF group, 20% vs. 7%; tenofovir DF group, 11% vs. 3%; efavirenz group, 9% vs.
3%). Further, increases in mean changes of limb and truncal lean and fat mass were
observed.

A retrospective, observational cohort study evaluated differences in weight gain among
treatment-naive persons 18 months after starting ART in the US. Of the 1,152 patients,
significantly more weight gain was observed with dolutegravir compared with NNRTIs or
elvitegravir (6.0 kg vs. 2.6 kg vs. 0.5kg respectively; p<0.05) [160]. Similarly, another
observational cohort study of virologically-suppressed persons found larger increases in
weight over an 18-month period after switching from efavirenz to either an INSTI- or PI-
based regimen compared with continuing efavirenz-based ART [161]. Weight gain was
greatest with INSTI-based regimen [efavirenz-based regimen: 0.9 kg vs. INSTI: 2.9 kg,
p=0.003; or vs. PI: 0.7 kg, p=0.81).

Minimal data exist from clinical trials to inform our understanding of weight gain among
persons treated with bictegravir or cabotegravir. Wohl et al. found median weight gain of 3.6
kg (IQR, 0.0-8.5) in persons treated with bictegravir/emtricitabine/tenofovir AF compared
with 2.5 kg (IQR —0.4-5.8) over 96 weeks in those randomized to dolutegravir/abacavir/
lamivudine [117]. Small weight increases were observed in persons receiving injectable
cabotegravir/rilpivirine in FLAIR (injectable: 1.80 kg [IQR: —0.30-4.90]; oral: 0.30 kg
(IQR: —1.60-2.50]) and ATLAS trials (injectable: 1.30 kg [IQR: —1.0-5.0]; oral: 1.50 kg
(IQR: —1.0-3.9]) [24, 25]. No changes in weight or fasting metabolic parameters were
observed in the phase 2 study evaluating cabotegravir versus placebo in HIV-negative
participants using cabotegravir for HIV prevention over 41 weeks [162]. However, the phase
3 trial observed a median 1.3 kg (95% CI 0.99 to 1.6) increase per year in HIV-negative men
receiving cabotegravir compared to emtricitabine/tenofovir DF [+0.31 (95% CI: —-0.12 to
-0.48) kg per year] [163].

Treatment-naive persons often experience weight gain after ART initiation, which has been
described as a return to health [164]. Yet, several observational cohorts have associated the
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risk of onset diabetes mellitus and cardiovascular risk with weight gain after ART initiation
[165, 166]. At week 96, the ADVANCE trial found the dolutegravir/emtricitabine/tenofovir
AF arm had significantly higher risk of metabolic syndrome (International Diabetes
Foundation; p=0.031), myocardial infarction or coronary death (QRISK; p=0.027), and 10-
year risk of emergent diabetes (QDIABETES, change from baseline; p=0.004) [167].
However, no significant differences in cardiovascular risk (Framingham Risk Equation) were
observed among arms. Several case reports highlight incident diabetes mellitus and
hyperglycemia in patients taking dolutegravir [168, 169]. A single-center, retrospective
cohort study among Ugandan patients identified a higher rate of hyperglycemia after
initiation of dolutegravir-based ART compared to ART without dolutegravir (0.47%
[16/3417] vs. 0.03% [1/3230]; p=0.0004) [170]. The median time to hyperglycemia after
initiation of dolutegravir-based ART initiation was 4 months (IQR 2.5-4.5) and weight loss
preceding hyperglycemia was observed in 80% (12/15).

Weight gain is a clinical challenge with INSTI-based regimens, particularly second
generation INSTI regimens in combination with tenofovir AF [117, 119, 157, 159, 160,
171]. Further, data suggest a higher incidence of weight gain among specific populations
including women, those of African descent, and Hispanic ethnicity [157, 159, 172].
Understanding the intersection of weight gain and other resultant metabolic and
cardiovascular comorbidities is critical, and further data are needed to support clinical
decisions on the selection of ART regimens to minimize weight gain and any associated
metabolic comorbidities.

7. INSTIs in the Management of HIV-1 Infection

Clinical trials have demonstrated the INSTIs produce a rapid decline in, and maintain
durable suppression of, plasma HIV-RNA, and are generally safe and well-tolerated. The
rapid decline in plasma HIV-RNA associated with INSTIs is a unique characteristic
compared with older antiretroviral classes, and is particularly relevant to prevent HIV
transmission through rapid virologic suppression [8, 43, 74—76]. All INSTIs, except
cabotegravir, are indicated for antiretroviral-naive persons [12, 13, 16, 18, 114, 173]. With
the exception of raltegravir, all INSTIs are also indicated for individuals currently
suppressed on an ART regimen, who don’t have INSTI-related resistance mutations, and
desire treatment switch [13, 16, 18, 114, 173]. Intramuscular cabotegravir plus rilpivirine is
currently approved in Canada for a non-oral ART option for virologically-suppressed adults
[14]. Dolutegravir and raltegravir may be used in treatment-experienced persons with a
detectable viral load in the presence of viral resistance [12, 17]. For pediatric patients, the
agents have different indications for use, with raltegravir approved for use immediately after
birth, dolutegravir for children at least four-weeks of age, and bictegravir and elvitegravir for
adolescents weighing at least 25kg [40].

Within the INSTI class, raltegravir has the longest period of use and has minimal drug-drug
interactions that cannot be managed by dose adjustment. Based on these characteristics, both
the twice-daily and once-daily formulations remain a recommended antiretroviral for most
individuals initiating ART in the US DHHS Adult and Adolescent Treatment Guidelines [8]
but not the International AIDS Society guidelines [10]. In addition, the twice-daily
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formulation is a preferred INSTI for use during pregnancy [43]. Disadvantages related to
raltegravir include a higher pill burden compared with other INSTI-based regimens, and a
lower barrier to resistance compared with second generation INSTIs, dolutegravir and
bictegravir [22, 23]. It offers flexibility for combination with preferred NRTIs based on an
individual’s characteristics and may be combined with other antiretrovirals to form an ART
regimen for persons with drug resistant virus.

Elvitegravir requires pharmaco-enhancement to achieve adequate concentrations, therefore,
its coformulation with cobicistat results in a significantly higher risk of drug-drug
interactions. In addition, a higher rate of gastrointestinal adverse events, fatigue, and malaise
are reported with elvitegravir FDCs [139]. These disadvantages, along with a requirement
that the medication be co-administered with food and a lower barrier to antiretroviral
resistance, highlight why elvitegravir is no longer preferred for most PLWH [8, 10].
Elvitegravir is not recommended during pregnancy due to suboptimal concentrations and
associated risk for virologic failure [43]. One benefit of elvitegravir is a lower risk of weight
gain compared with dolutegravir in retrospective evaluations [160]. Elvitegravir is co-
formulated with either tenofovir DF or tenofovir AF plus emtricitabine, allowing use of the
elvitegravir FDCs in patients with chronic hepatitis B coinfection.

Dolutegravir and bictegravir are recommended options for antiretroviral-naive individuals
due to their minimal drug-drug interactions, ease of use as a FDC, and higher barrier to
antiretroviral resistance compared with other INSTIs and some other antiretroviral classes
[8, 10]. These characteristics also support the use of both for ART rapid start programs after
diagnosis of HIV, and before resistance testing is available [174]. Dolutegravir is also the
World Health Organization’s only preferred option for ART in all adults, including pregnant
women [56]. Dolutegravir is a preferred regimen for pregnant women according to the US
DHHS Perinatal HIV Treatment Guidelines, while bictegravir does not yet have data to
support its use during pregnancy [43]. Dolutegravir was non-inferior to raltegravir in ART-
naive persons [107], and superior to raltegravir in those with some drug resistance [108].
Though bictegravir has not been evaluated in a phase 3 trial compared with raltegravir,
dolutegravir and bictegravir were non-inferior initial therapies for ART-naive individuals
[118, 142]. The choice between the two agents as triple therapy in adults or adolescents is
often based upon the desired NRTI companion drugs present in the FDC. Though a complete
discussion regarding the benefits of emtricitabine/tenofovir AF versus abacavir/lamivudine
is outside the scope of this review, there are concerns related to cardiovascular risks
associated with abacavir use and with weight gain related to tenofovir AF, while the
emtricitabine/tenofovir AF combination is preferable for individuals with chronic hepatis B
virus coinfection [8]. Concern regarding the contribution of dolutegravir to weight gain after
ART initiation is growing; however, it is not known if there is a difference in the associated
risk between the two agents due to a shorter duration of clinical use of bictegravir. Finally,
the bictegravir FDC is more susceptible to drug-drug interactions that cannot be overcome
with dose adjustment and it is not indicated in combination with any other antiretroviral
[16]. In contrast, dolutegravir may be given twice-daily, to overcome drug-drug interactions
and as a treatment option for individuals with drug resistance [17].
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The two-drug regimens of dolutegravir/lamivudine or dolutegravir/rilpivirine may be useful
for individuals at risk for adverse events related to the companion drugs in INSTI FDCs,
such as abacavir or the tenofovir prodrugs. The dolutegravir/lamivudine FDC is the only
two-drug combination recommended as an initial regimen for most PLWH (with an HIV-
RNA level 500,000 copies/mL) according to the DHHS Adult and Adolescent Treatment
Guidelines [8], while either two-drug regimen may be useful for treatment switch in those
already suppressed on another ART regimen [175]. The dolutegravir/rilpivirine combination
has added food restrictions and drug-drug interaction considerations, due to the rilpivirine
component. Neither dual-therapy agent has been evaluated in adolescents, nor can they be
used for patients coinfected with chronic hepatitis B virus.

Cabotegravir is not currently included in HIV treatment guidelines, but this long-acting
agent, in combination with rilpivirine, offers an alternative to PLWH who do not want to
take daily oral medications. Although clinical trials have been conducted in treatment-naive
individuals initiating therapy and virologically suppressed individuals desiring treatment
simplification [24, 25], the recent Canadian approval was only for treatment simplification
[14]. In clinical trials, participants preferred long-acting injectable ART over oral therapy
and eight-week dosing over every four-week dosing [24, 25, 123]. These results, however,
may be skewed given all subjects volunteered to participate in long-acting therapy trials. The
acceptability and demand for intramuscular injections outside of a clinical trial setting is
unknown. Intramuscular injection will avoid some absorption related drug-drug interactions
with divalent cations and food requirements for rilpivirine, but it is not yet clear how
coadministration of UGT1A1 inducers or inhibitors will be managed in combination with
long-acting cabotegravir.

INSTIs are part of the standard of care for most PLWH. Future ART strategies will need to
demonstrate non-inferiority to the second generation INSTIs to have a role in first-line ART
therapy. As long-acting ART emerges as a treatment option, clinicians will need to confront
challenges managing the prolonged pharmacokinetic tail after long-acting ART
discontinuation [37], how monthly or bimonthly injections will be administered in clinical
settings, and non-adherence. Virologic failure has occurred in clinical trial participants
receiving long-acting therapy who had perfect adherence (i.e., did not miss any injections)
[24, 25]. These findings indicate the need for dosing regimen optimization, particularly as
this strategy moves to settings of less than perfect adherence, and investigations of individual
characteristics, such as sex and high body-mass-index that may be associated with an
increased risk for virologic failure. The contribution of individual INSTIs to weight gain
remains an area of clinical investigation and may influence the choice of ART. INSTIs now
represent an essential component of most ART regimens and are likely to remain an
important class of antiretrovirals for the foreseeable future due to their anti-HIV potency,
efficacy, safety and tolerability.
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Key points

Bictegravir and dolutegravir are both co-formulated as a single tablet regimen,
and the choice of agent may be driven based on the preferred nucleoside
reverse transcriptase inhibitor.

Elvitegravir/cobicistat is available as a single tablet regimen, though it has a
higher propensity for drug-drug interactions and must be administered with
food, increasing complexity compared with other integrase strand transfer
inhibitors (INSTI).

Raltegravir has the most safety data associated with its use; however, it is the
only INSTI not available as single tablet antiretroviral regimen, increasing the
pill burden associated with a raltegravir-containing regimen.

Cabotegravir is part of the first long-acting, injectable antiretroviral regimen,
recently approved in Canada for treatment of individuals currently
virologically suppressed on another antiretroviral regimen.
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