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SUMMARY

The treatment of HIV infection has entered a dichoto-
mous phase, as established oral regimens are now
sharing the landscape with long acting injectable
combination therapies. By looking at the new antiret-
rovirals in the pipeline it is apparent that the future of
HIV treatment will be largely covered by long-acting
regimens, with an increasing shift toward injectable
formulations allowing much less frequent administra-
tion; in parallel, the development of novel once-daily
oral combinations, as well as oral long acting thera-
pies is expected to further expand treatment options.
However, the current HIV-infected population still in-
cludes a large proportion of patients with a variety of
immunovirological conditions whose weaknesses re-
quire the currently available strongest option, such as
a triple oral regimen including a 2"¢ generation inte-
grase strand-transfer inhibitor (INSTI) like the co-for-
mulation containing Bictegravir (BIC), Emtricitabine
(FTC) and Tenofovir alafenamide (TAF). Further to a
proportion of newly diagnosed HIV infections at an
advanced disease stage still exceeding 50%, many are
the patients whose history may include a late start

B INTRODUCTION

hile the antiretroviral horizon is being in-
creasingly populated by novel combinations
and most of current pharmaceutical research is ori-
ented toward the development of long-acting in-
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of treatment, virologic failures and a suboptimal im-
mune recovery. BIC/FTC/TAF is the point of arrival
of decades of antiretroviral research and has the phar-
macologic characteristics to guarantee the therapeutic
success in most patients with difficult-to treat infec-
tions. Properties like intrinsic potency, strong genetic
barrier and forgiveness of BIC/FTC/TAF are unique
among currently available antiretroviral regimens
and make this single tablet combination as the gold
standard for comparative studies of new therapeutic
solutions. The main clinical-pharmacologic features
of BIC/FTC/TAF are here analysed with the intention
to focus on some key advantages this regimen may
offer whenever the individual conditions are less than
ideal for other regimens.
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Long-Acing Injectables, HIV-RNA, HIV-DNA, CD4+ T-
cell, Elimination half-life (T /2), Volume of Distribution
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jectable formulations, strand-transfer integrase in-
hibitor (INSTI)-based oral therapy remains a main-
stay in antiretroviral treatment guidelines for a
variety of reasons [1]. The vast majority of patients
currently receiving antiretroviral therapy achieve
the suppression of HIV replication below the inter-
nationally accepted cut-off of 50 HIV-RNA copies/
mL [2]. However, if we look at each individual his-
tory, very different substandard pathways to viro-
logic suppression can be described whose impact
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on long-term maintenance of virologic suppression
could be substantial if the properties (e.g. potency,
forgiveness, genetic barrier) of the current regimen
are less ideal than required to ensure persistent
suppression of HIV replication. The years spent
with uncontrolled viral replication, the degree of
immune deterioration as well as of the magnitude
of the viral biomass before the treatment was start-
ed, are all major variables to consider in evaluating
the suitability of patients to receive dual instead of
triple antiretroviral regimens [3]. A further major
factor to carefully take into consideration is the
presence of viral mutations coding for resistance to
antiretrovirals. Having been poorly adherent and/
or having received suboptimal regimens in the
past (e.g. in the era of unboosted protease inhibi-
tors — Pls) put the patients at risk of virologic fail-
ure when the new regimen is not potent enough to
overcome the weaknesses generated by past histo-
ry of HIV infection and/or treatment [4]. These are
the main reasons why potent combination regi-
mens are still necessary in a sizeable proportion of
patients, and beyond the number of drugs there
are some specific properties of antiretrovirals that
contribute to compensate for several vulnerabili-
ties associated to the individual immune—virologic
profile. This is the case of the single-tablet regimen
consisting of Bictegravir (BIC), Emtricitabine (FTC)
and Tenofovir alafenamide (TAF), whose pharma-
cologic characteristics, like intrinsic potency, diffu-
sion into compartments, intracellular penetration,

elimination half-life (T/2) and dissociation time
from target receptors actually account all together
for its capacity to overcome most of the difficult to
treat situations. Here we review the clinical phar-
macologic properties and peculiarities of this com-
bination with an attempt to compare it to other
established regimens in order to identify some
poorly explored immunovirological parameters
that might fruitfully contribute to drive the thera-
peutic choice.

B PHARMACOLOGICAL FEATURES
OF BICTEGRAVIR, EMTRICITABINE
AND TENOFOVIR ALAFENAMIDE

Table 1 shows the main pharmacological features
of BIC, FTC, and TAF as well as of the other most
used oral antiretroviral drugs (TDF, 3TC, DTG) [5].
Molecular weight affects all the steps of the ab-
sorption, distribution, metabolism and excretion
(ADME) process with smaller molecules usually
more easily distributed across barriers. Lipophilic-
ity (expressed as LogP, the higher the more lipo-
phile a molecule) affects the ability of a drug to
cross barriers and accumulate in fat-rich tissues
(such as the brain and adipose tissue). Protein
binding represents the amount of total concentra-
tion of a given substance bound to plasma pro-
teins (mainly albumin and alpha-1-acid glycopro-
tein): unbound molecules are available for drug
transport and distribution. These features affect

Table 1 - Main pharmacological features of commonly used oral antiretroviral drugs.

TDF TAF 3TC FTC DTG BIC

Molecular weight KDa 519 476 229.3 247.2 4414 4494
Lipophilicity LogP 21 1.6 -1.4 -0.43 22 18]
Protein binding % <0.7 80 <36 <4 >98 >99
Bioavailability % 25 82 80-85 93 n.a. n.a.
Metabolism Renally, Renally, Renally, Renally, UGT1A1 CYP3A4,

unchanged | unchanged | unchanged | unchanged | (CYP3A4) UGT1A
Volume of distribution L/Kg 0.8 >1.6 13 14 0.3 0.2
Half-life hours 12-18 17 5-7 10 14 17
Intracellular half-life* hours 95 87-150 16-19 39 n.a. n.a.
Dissociation time from integrase hours n.a. n.a. n.a. n.a. 71-96 163
Cmax ng/mL 326° 6.2° 2000 1800 3670 6150
Ctrough ng/mL 64° 23 40 90 1110 2610

* for NRTIs: tri-phosphorylated or bi-phosphorylated molecules; ° reported pharmacokinetic data rely to tenofovir

Note: “n.a.”, not available.
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the volume of distribution (Vd), that represent the
“virtual” space that a compound may diffuse into:
drugs with large Vd have usually high tissue con-
centrations. Finally terminal half-life represents
the time needed for the halving of drug concentra-
tions and is, therefore, a relevant parameter for
understanding the persistence of a drug in plasma
or in cells and tissues.

Bictegravir

BIC is a potent INSTI that inhibits the HIV inte-
grase enzyme by blocking the strand transfer step
of viral DNA integration into the host genome. By
chelating divalent metal ions at the integrase active
site, it prevents stable insertion of viral DNA,
thereby halting viral replication at an early post-en-
try stage. BIC is orally bioavailable and reaches
peak plasma concentrations approximately 2—4
hours after dosing; while food may modestly in-
crease its exposure, these effects are not clinically
significant, allowing administration without re-
gard to meals [6, 7]. However, absorption can be
reduced by concomitant administration with poly-
valent cations (e.g., magnesium, aluminum, calci-
um), which can chelate the drug in the gastrointes-
tinal tract [8]. BIC is highly protein bound (>99%)
and extensively distributed in plasma. Despite
high protein binding, the drug distribution is fair
with an approximate Vd of 0.2 L/kg. BIC is metab-
olized primarily by CYP3A4 and UGT1Al-mediat-
ed glucuronidation. While it has some susceptibil-
ity to enzyme induction or inhibition, it has a fa-
vorable drug-drug interaction profile compared
with earlier INSTIs. Strong inducers of CYP3A4 or
UGT1A1 (e.g., rifampicin) can significantly reduce
BIC exposure and are contraindicated unless a
double dose is used: conversely, moderate induc-
ers have successfully administered with BIC [9, 10].

Emtricitabine

FTC is a cytidine analogue NRTI that undergoes
intracellular phosphorylation to emtricitabine
triphosphate. This active metabolite competitively
inhibits HIV reverse transcriptase and causes DNA
chain termination upon incorporation into the
growing viral DNA strand. FTC is active against
both HIV-1 and HIV-2 and also exhibits activity
against hepatitis B virus. FTC is well absorbed after
oral administration, with high bioavailability
(>90%). Peak plasma concentrations are typically
achieved within 1-2 hours, and absorption is not

significantly affected by food. FTC exhibits low
plasma protein binding (<4%) and is widely distrib-
uted throughout body tissues and fluids. FTC un-
dergoes minimal metabolism and is largely elimi-
nated unchanged via renal excretion through glo-
merular filtration and active tubular secretion. As a
result, FTC has a low potential for metabolic inter-
actions but may require dose adjustment in patients
with significant renal impairment [11].

Tenofovir alafenamide

TAF is a prodrug of tenofovir, a nucleotide ana-
logue of adenosine monophosphate. After intracel-
lular activation, tenofovir diphosphate competes
with natural deoxyadenosine triphosphate for in-
corporation into viral DNA by HIV reverse tran-
scriptase. Incorporation results in premature chain
termination, inhibiting viral DNA synthesis. Com-
pared with its predecessor TDF, TAF delivers high-
er intracellular concentrations of the active metab-
olite with substantially lower plasma tenofovir
exposure. TAF is rapidly absorbed following oral
administration and exhibits improved plasma sta-
bility compared with TDF. It remains largely intact
in circulation and is efficiently taken up by target
cells, particularly lymphocytes and macrophages.
Food has minimal clinically relevant effects on TAF
exposure when administered in fixed-dose combi-
nation. TAF results in low systemic tenofovir con-
centrations but achieves high intracellular levels of
tenofovir diphosphate within peripheral blood
mononuclear cells [12, 13]. Plasma protein binding
of TAF is moderate, while tenofovir itself has min-
imal protein binding. Distribution favors lym-
phoid tissues, supporting antiviral efficacy while
reducing renal and bone toxicity [14]. TAF under-
goes intracellular hydrolysis primarily by cathep-
sin A to release tenofovir, which is subsequently
phosphorylated to its active diphosphate form.
Minimal metabolism occurs via cytochrome P450
enzymes, reducing the risk of metabolic drug-drug
interactions: rifampicin induction, despite lower-
ing TAF exposure, minimally affected intracellular
diphosphate concentrations and now the drug can
be used in patients treated for tuberculosis [15].

B COMPARTMENTAL DISTRIBUTION
AND EFFICACY

Beyond systemic viral suppression, long-term
therapeutic success depends on adequate drug
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exposure in anatomical and cellular compart-
ments that serve as viral reservoirs. These include
different cell types, the central nervous system
(CNS), the gastrointestinal (GI) tract, and the
male and female genital tracts [16]. The pharma-
cokinetic properties of BIC/FTC/TAF have been
extensively characterized and demonstrate dif-
ferential but complementary penetration across
these compartments. The clinical consequences
of poor or asymmetric drug exposure in compart-
ments may be residual viral replication, selection
of resistance-associated mutations and chronic
immune activation. In the CNS this may translate
in cerebrospinal fluid (CSF) escape (detectable
HIV RNA in the CSF while undetectable in plas-
ma): despite being asymptomatic in the majority
of patients it may cause several neurological
symptoms [17, 18].

Lymphocytes and Macrophages

HIV primarily infects CD4* T lymphocytes and
monocyte-derived macrophages, both of which
contribute to viral persistence. Compared with
tenofovir disoproxil fumarate (TDF), TAF results
in approximately 4-7-fold higher intracellular
TFV-DP concentrations in peripheral blood mono-
nuclear cells (PBMCs) while maintaining ~90%
lower plasma tenofovir exposure. This pharmaco-
logical profile is particularly advantageous in
macrophages, which efficiently convert TAF to
TFV-DP and retain the active metabolite for pro-
longed periods due to slow cellular turnover. BIC
achieves high intracellular concentrations and po-
tently inhibits viral integration in both activated
and resting lymphocytes, as well as in macrophag-
es, thereby targeting key cellular reservoirs.

The Central Nervous System

The CNS represents a pharmacological sanctuary
due to the restrictive nature of the blood-brain
barrier and the activity of efflux transporters such
as P-glycoprotein and breast cancer resistance pro-
tein. Subtherapeutic antiretroviral exposure in the
CNS has been associated with ongoing viral repli-
cation and HIV-associated neurocognitive disor-
ders. Three studies investigated BIC/FTC/TAF
CSF exposure: the PK data as well as CSF HIV
RNA are reported in Table 2 [19-22]. They suggest
that CSF drug exposure is low, but the drugs are
more unbound than in plasma thus leaving un-
bound concentrations above inhibitory ones (con-
sidering a half-maximal effective concentration or
EC50 of 1.1 ng/mL). Specifically, TAF was found
to be undetectable in CSF and tenofovir to be low:
two published works studied the switch from TDF
to TAF in the CSE They reported the maintenance
of virological suppression in plasma and CSF and
no effect of biomarkers associated with neuronal
damage [22, 23].

The Gastrointestinal Tract

The Gl tract, particularly gut-associated lymphoid
tissue (GALT), is a major site of early CD4* T-cell
depletion and persistent immune activation.
Achieving adequate antiretroviral concentrations
in intestinal tissues is therefore critical for reser-
voir suppression. FTC displays extensive penetra-
tion into intestinal mucosa and lymphoid tissue,
resulting in high intracellular FTC-TP concentra-
tions in gut-resident immune cells. TAF enhances
delivery of TFV-DP to lymphocytes and mac-
rophages within GALT, despite lower luminal ex-
posure compared with TDF (since its bioavailabil-

Table 2 - Bicetgravir/emtricitabine/tenofovir alafenamide cerebrospinal fluid concentrations in published studies.

Tiraboschi 2020 Rigo-Bonnin 2020 Gelé 2021
N 15 6 24*
Undetectable plasma HIV RNA % 100 100 67
Undetectable CSF HIV RNA % 100 100 92
Bictegravir ng/mL 6.9 7.1 11.8
Unbound bictegravir ng/mL 219 3.7 44
Emtricitabine ng/mL n.r. n.r. 84.4
Tenofovir ng/mL nr nr. 1.6

*with CNS opportunistic disorders or cognitive impairment.
Note: “n.r.”, not reported.
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ity is higher). This targeted intracellular activation
reduces off-target toxicity while maintaining anti-
viral efficacy. BIC exhibits sufficient tissue distri-
bution within the GI tract, with concentrations
exceeding the inhibitory threshold for integrase
activity despite tissue concentrations in PWH on
treatment have not been reported. An interesting
study evaluated the dynamics of the decay of HIV
RNA and distribution of BIC in the genital tract
and rectum in cART naive adults treated with
BIC/FTC/TAF [24]. The time to undetectable
HIV-1 RNA was significantly shorter in seminal
plasma (SP) and rectal fluid (RF) than in blood
plasma (BP). All women achieved undetectable
HIV-1 RNA in cervicovaginal fluid (CVF) at Day
14. The median total BIC concentrations in SP, RT,
and CVF were 65.5 (20.1-923) ng/mL, 74.1 (6.0
478.5)ng/g, and 61.6 (14.4-1760.2) ng/mL, respec-
tively, representing 2.7%, 2.6%, and 2.8% of the BP
concentration; the protein-unbound fractions were
51.1%, 44.6%, and 42.6%, of BP concentrations.

The Male Genital Tract

The male genital tract is relevant for both viral per-
sistence and sexual transmission. FTC penetrates
efficiently into seminal plasma, often achieving
seminal-to-plasma ratios greater than 1. Intracel-
lular FTC-TP concentrations in seminal leukocytes
are sustained and pharmacologically active. Teno-
fovir exposure in seminal plasma is lower with
TAF than with TDF; however, intracellular TFV-
DP levels in genital tract immune cells remain
within the therapeutic range. Data on BIC indicate
moderate seminal penetration, with seminal plas-
ma concentrations generally exceeding the pro-
tein-adjusted 1C95. These findings support effec-
tive suppression of local viral replication and con-
tribute to the reduction of transmission risk in in-
dividuals receiving BIC/FTC/TAF [24].

The Female Genital Tract

Drug distribution in the female genital tract is in-
fluenced by hormonal fluctuations, tissue com-
partmentalization, and mucosal immune cell den-
sity. FTC demonstrates excellent penetration into
cervicovaginal fluids and tissues, with high intra-
cellular FTC-TP levels in CD4* T cells and mac-
rophages. These properties have been well docu-
mented in both treatment and prevention studies.
TAF-derived tenofovir shows lower extracellular
concentrations in cervicovaginal secretions com-

pared with TDF; however, efficient intracellular
conversion ensures adequate TFV-DP exposure in
target cells. BIC/FTC/TAF was successfully used
as post-exposure prophylaxis in 39 persons (86.4%
women) after a sexual assault: no HIV seroconver-
sion was observed [25, 26].

B CLINICAL IMPLICATIONS

All these pharmacologic factors and related prop-
erties are the result of decades of research in an-
tiretroviral therapy. The rate of virologic suppres-
sion today achievable by second-generation INS-
TI-based regimens like BIC/FTC/TAF is unprece-
dented, as demonstrated by the therapeutic per-
formance in clinical studies [27, 28]. It is notewor-
thy how the few virologic failures recorded in
clinical trials were not associated to RAMs selec-
tion, and how such occurrence is barely anecdotal
in clinical practice. To further testify the potency of
this regimen is worth noting how in several clini-
cal studies comparable high rates of virological
suppression and maintenance overtime were
achieved despite the presence of NRTI/NtRTIs
RAMs at baseline [29, 30]. The advancements that
made it possible to develop these medications
were driven by the absolute priority of providing
the most potent, tolerable and easy to use drugs.
What is available today in terms of triple regimens
based on 2" gen INSTIs is the desired result of
years spent in fighting and overcoming problems
like drug resistance, poor compliance, side effects,
drug-drug interactions as well as the never-ending
issue concerning the treatment of very advanced
infections.

The key drug class that made it possible these
achievements is thus the INSTIs and particularly
the properties of 2™ generation drugs, such as Do-
lutegravir and Bictegravir. While DTG is available
alone as well as in triple (DTG/3TC/ABV) and
dual fixed combinations (DTG/RPV, DTG/3TC),
BIC can only be administered as part of the triple
single tablet combination BIC/FTC/TAF. The lat-
ter could be seen as a limitation on one side but as
a protective factor in another perspective. Since
BIC can only be used in combination with FTC
and TAF, a reciprocal protection against RAMs se-
lection takes place among the three drugs, and
therefore the risk of virologic failure and RAMs
selection is markedly limited. The most remarka-
ble pharmacodynamic property of 2*¢ gen INSTIs
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is the very rapid action exerted against HIV repli-
cation [31]. The viral fall is very fast and a propor-
tion of patients approaching 80% reaches a viral
load level below 50 copies/mL in only 4 weeks in
treatment-naive studies. One might argue that
non-INSTI-based regimens take only few weeks
more to achieve a comparable result with other-
wise similar benefits over the long term. So the
question is what is/are the advantage/s, if any, of
such quick antiretroviral action? A conceivable an-
swer concerns the genetic barrier of 2" generation
INSTIs. Before INSTIs were released the definition
of genetic barrier was made on the basis of the dif-
ferences between NNRTIs and boosted PIs (PI/b),
and the strength of the genetic barrier was thus
proportionally defined by the number of RAMs
required to make the drug no longer able to inhib-
it HIV replication. More RAMs were necessary to
abolish the activity of PI/b (high genetic barrier)
while a single specific RAM was enough to make
NNRTIs inactive (low genetic barrier). By apply-
ing such definition, we might classify the genetic
barrier of 2! gen INSTIs as barely greater than that
of NNRTISs, as one or two mutations might actual-
ly compromise the antiretroviral activity of 2™ gen
INSTIs, but this is far to be the case in practice.
Although slightly lower than the genetic barrier of
PI/b, the one of 2™ gen INSTIs is de facto well
known to be much higher than that of NNRTIs.
And here comes the likely contribution of the very
rapid viral fall associated to 2" gen INSTIs. In
terms of general chemotherapeutic principles, in
anti-infective therapy one of the variables driving
the likelihood of resistance selection is the dura-
tion of microbial exposure to the selecting factor
(the drug in this case). The unique rapid reduction
of the viral biomass seen with 2" gen INSTIs is
such that the time available to generate the selec-
tion of resistant mutants is actually much shorter
than with any other antiretroviral drug. The pro-
tection provided by this pharmacodynamic prop-
erty not only applies to the drugs that generates it
(2 gen INSTISs) but it also encompasses the com-
panion drugs, since the advantage of a very short-
er time of exposure also applies to co-adminis-
tered antiretrovirals. A similar clinically applied
example comes from the treatment of P. falciparum
malaria. By combining the very fast acting artesu-
nate derivatives (with short plasma T/2) with
slowly acting antimalarials (with much longer
T/2) in the treatment of P. falciparum infection it

was made possible to achieve a fast reduction (3-4
log units in 48 hours) of parasitaemia driven by
artesunates, with only a small amount of residual
parasites being subsequently exposed to slower
acting 2™ drug [32, 33]. The former, when used
alone, was exposed to a progressive loss of activi-
ty, due to the long-time persistence of decreasing
concentrations in the presence of much more nu-
merous parasites. The association with artesuna-
tes not only protected the slowly acting drug from
resistance but it even restored in some circum-
stances the formerly compromised sensitivity of P.
falciparum to these drugs. Further to these charac-
teristics there are some additional features that
might help to interpret why in the vast majority of
cases the virologic failure of these regimens is un-
eventful in terms of RAMs selection. The elimina-
tion half-life (T /2) of 2" gen INSTIs is around 15
hours, and very similar values are also shared by
boosted Darunavir (DRV/c) and Doravirine
(DOR). Not surprisingly these 3 drugs are part of
most triple regimens currently successfully ad-
ministered in the western world. We might thus
consider that a T/2 value of 15 hours is probably
ideal for a conventional triple oral regimen based
on two NRTI/NtRTIs. Such T/2 duration is long
enough to allow for once daily administration and
on the other hand is short enough to make the
drug virtually disappear from plasma when viral
regrowth takes place following treatment inter-
ruption. So the old dilemma between NNRTIs and
27 gen Pls /b, with long and short T/2 respective-
ly, is today solved by this value in-between the
two alternatives. While new drugs are being de-
veloped with much longer T/2 with the purpose
of providing new long-acting options, as far as we
look at conventional triple regimens a T/2 around
15 hours seems thus to be the final desired solu-
tion.

A major contribution here also comes from the
presence of TAF, as the high Intracellular concen-
tration of the active moiety might even overcome
the presence of RAMs that would significantly
compromise the activity of the same drug when
given as TDF instead of TAF [34]. Although the
active moiety is by definition the same, the 6-7
times higher intracellular concentration reached
by the intake of TAF might actually compensate
for the reduced affinity of the drug for its target.
Furthermore, although the intracellular half-life is,
again by definition, the same regardless the drug
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is taken as TDF or TAF, the decrease of the TAF-de-
termined higher intracellular concentrations of
TFV-diphosphate (TFV-PP) below the minimal ac-
tive value takes a much longer time to reach levels
vulnerable to resistance selection, and this also
corresponds to a greater forgiveness in case of
missed doses. The counterpart of generating much
higher intracellular concentrations in target cells is
that much lower plasma concentrations are in-
stead present in the in case of TAF intake, with the
resulting advantages on the side of the safety of
the drug. As opposite to what happens with TDEF,
such as the quick dissociation between TFV and
the disoproxil fumarate salt upon absorption, in
the case of TAF the binding between TFV and its
alafenamide salt tends to be stable following intes-
tinal absorption and this allows for a selective up-
take of the drug by target cells that are rich in car-
boxylesterase 1 (CES1) and cathepsin A (CatA).
Such selective distribution of TFV also implies a
much lower TFV plasma concentration (as com-
pared to what happens with TDF), with significant
reduction of proximal tubular toxicity and the re-
lated downstream consequences in terms of bone
structure integrity.

The last component of BIC/FTC/TAF oral regi-
men is FTC, whose historical comparator is 3TC.
Both are very well tolerated and safe cytidine ana-
logues, but as compared to 3TC, FIC is associated
to the presence of higher intracellular concentra-
tions of the active moiety as well as to a longer
intracellular T/2. Although in a monotherapy
study FTC was found to generate a stronger and
more durable virologic suppression than 3TC, in
treatment-naive patients no significant differences
in efficacy are attributable to the pharmacologic
dissimilarities between the two drugs. Neverthe-
less, the advantages provided by FTC might also
contribute to the robustness of the regimen.

B BIC/FTC/TAF VS OTHER REGIMENS

Until very recently most of the research done on
antiretroviral therapy has been mostly focused on
HIV inhibition and immune recovery. In the last
decade however other aspects of the long-term
drug intake also emerged as priorities. The pa-
tients are getting older and conventional age-relat-
ed comorbidities are on the increase, many
co-medications have to be also taken together with
antiretrovirals and the need to modify the treat-

ment is increasingly perceived [35, 36] Further-
more, given the quality of the antiretroviral drugs
today available, permanent HIV inhibition is now
taken for granted. This evolving landscape has led
to the development of alternative therapeutic ap-
proaches aimed at reducing treatment burden
while maintaining immune-virologic efficacy tar-
gets. An additional opportunity on this line comes
from the long-acting injectable formulations, as an
option for those patients who might find this ther-
apeutic modality as an easier way to be treated
with less troubles both in terms of compliance and
protection from stigma, in spite of more frequent
visits. In the light of a lifelong treatment such ten-
dency to develop injectable long-acting regimens
appears to be a fruitful option for a sizeable pro-
portion of patients. Several options are currently
available as maintenance therapy for virologically
suppressed patients, including Dolutegravir /Ril-
pivirine, Dolutegravir/Lamivudine, and the
long-acting injectable combination of Cabotegra-
vir and Rilpivirine. Dolutegravir/Lamivudine is
also approved for treatment-naive patients with a
baseline viral load below 500,000 copies/mL. Less
frequently prescribed, a darunavir/cobicistat-
based regimen is also included among the availa-
ble options.

However, it remains challenging to directly com-
pare regimens with different pharmacological and
clinical characteristics, particularly when their
mechanisms supporting efficacy differ from those
historically established. These therapeutic ap-
proaches represent distinct strategies within the
current treatment landscape, developed in differ-
ent phases of antiretroviral evolution and for dif-
ferent clinical needs, and are characterized by dif-
fering profiles in terms of intrinsic potency, genet-
ic barrier, and forgiveness. This makes direct, ab-
solute comparisons inappropriate Nevertheless,
comparative clinical studies have been carried out
in specific settings defined by individual virologic
parameters. The STR combining DTG and 3TC
showed non-inferiority when compared to three-
drug regimens both as maintenance regimen in
virologically suppressed patients and in treat-
ment-naive patients when compared to TDEF/
XTC/DTG, in the registration GEMINI trial. In the
latter study viral suppression was similar (86% vs.
89.5% at 96 weeks) and no treatment-emergent re-
sistances were observed in either arm [37]. Since
some analyses suggested slightly lower response



Antiretroviral coverage provided by BIC/FTC/TAF | 157

in participants with CD4 <200 cells/uL a subse-
quent independent study was performed (DOLCE)
in this subgroup of patients with results suggest-
ing a comparable efficacy [38]. Several trials inves-
tigated DTG/3TC as a switch therapy in virologi-
cally suppressed patients (TANGO, SALSA, AS-
PIRE, DOLAM): virological suppression rates
were similar in both groups and DTG/3TC was
found to be non-inferior to triple therapy [39-41].
Data from real-life studies seem to confirm these
observations and a recent systematic review and
meta-analysis (on more than 10000 participants)
concluded that “Overall treatment outcomes in
real-world settings confirm the efficacy, tolerabili-
ty, and high barrier to resistance seen in phase 3
trials across diverse populations, including those
naive to ART or with prior ART experience” [42].
However, real-life virological data from a multi-
centre study in France suggested that a sizable
proportion of patients had resistance-associated
mutation when failing DTG/RPV (39%), DT-
G/3TC (18%), DTG/ABC/3TC (8.5%) as com-
pared to B/F/TAF (4%) [43]. The most updated
version of the study showed similar results with
RAMs observed in 32%, 15% and 3% of patients
failing LA_CAB/RPV, DTG/3TC or B/F/TAF re-
spectively [44].

Concerning the comparison between BIC/FTC/
TAF and the injectable long-acting association
CAB/RPV the task is even mor difficult for phar-
macologic reasons. A single-tablet regimen like
BIC/FTC/TAF is given daily and every single
day a peak concentration exposes the virus for
several hours to drug levels well higher than the
cutoff C,,q,, While with long-acting injectables a
single peak is achieved after 10-14 days to be fol-
lowed by decreasing concentration until a new
injection is given. The challenge is left in the hand
of prescribing doctors who are not in trouble in
choosing the regimen when overt conditions are
recognizable. An advanced treatment-naive pa-
tient with high viral load and low CD4* T-cells or
an experienced patient with an history of virolog-
ic failures requires a cautious and more conserva-
tive approach, while at the opposite, a fully viro-
logic suppressed patient with high CD4* T-cells,
intermediate-high baseline immune profile and a
rather recently acquired infection allows to select
a regimen among a wider choice of possible op-
tions, with more room for the patient’s preferenc-
es. In the middle of these opposite straightfor-

ward conditions there is a sort of grey area where
several considerations about the individual pa-
tient’s characteristics are required in order to
make a choice with an acceptable chance of pro-
viding a successful immune-virologic outcome.
While the best chances of a good outcome are by
definition associated to a triple 2" gen INS-
TI-based regimen, a variable degree of uncertain-
ty might be present when a dual regimen is con-
sidered. By respecting several specific limitations,
the clinical experience so far gained with oral
dual regimens is solid enough to drive a reasona-
bly safe choice in terms of risk of virologic failure
and resistance selection. Since all oral 2™ gen IN-
STlIs-based dual regimens are based on DTG it is
interesting to consider a recent review on the risk
of resistance selection in case of DTG-based regi-
mens virologic failure. Out of a total of 599 viremic
patients under treatment with DTG-based regi-
mens, 86 (14.4%) had INSTIs RAMs but only 36
(6%) were found to harbour RAMs associated to
DTG resistance [45]. Three were the factors signif-
icantly associated with resistance to DTG: mono-
therapy with DTG, dual therapy with 3TC and
NRTIs RAMs at baseline. It is worth noting that
the proportion of patients exposed and unex-
posed to 1** gen INSTIs was similar between those
with any INSTIs RAM and those without (33 vs
32%), thus suggesting that prior exposure to 1%
gen INSTIs was not a strict pre-requisite for the
subsequent selection of INSTIs RAMs. These data
highlight the importance of ensuring the absence
of relevant NRTI RAMs in the patient’s resistance
profile when selecting treatment strategies with
specific pharmacologic characteristics. Although
current selection criteria for DTG/3TC or DTG/
RPV generally include the absence of resistance
mutations, no active HBV infection, and sustained
virologic suppression for at least 6 months, care-
ful patient evaluation remains essential since in
some case series other factors also emerged. A
similar level of caution and careful patient selec-
tion also applies to the injectable long-acting
treatment with CAB/RPYV, for which the risk of
failure (not statistically dissimilar from 2™ gen
INSTI-based triple regimens) was found to be as-
sociated to three factors, such a viral subtype Al
or A6, baseline RAMs for RPV and a BMI above
30 [46]. While the first two point on virologic var-
iables, the third suggests a possible responsibility
of the pharmacokinetic exposure. It must be
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stressed that whenever we evaluate the therapeu-
tic performance of long-acting CAB/RPV we
should take into account that its administration is
fully supervised and no room is left for lack of
adherence from patients. This is definitely differ-
ent from oral regimens, whose virologic failure is
often interpreted as possible insufficient adher-
ence. The clinical pharmacology of long-lasting
regimens is clearly different from that of daily
oral treatments, as a single major peak is followed
by slowly decreasing concentrations until the fol-
lowing scheduled injection is given. While the
cutoff C,yqn of RPV was well known from the
studies made on the oral formulation and its va-
lidity is testified by 15 years of clinical use, the
cutoff Cy,q 0f the injectable pharmaceutical form
of CAB was first established in animal models
and subsequently applied in humans. Uninfected
animal models (Macaques Rhesus) were challenged
at different intervals with standardized inocula of
a chimeric simian/human virus (Simian/Human
Immunodeficiency Virus SHIV 162P3) after expo-
sure to CAB IM injections and the correlates of
protection were measured taking the PAIC,, (pro-
tein-adjusted inhibitory concentration of 90% of
the in vitro viral growth) as unit of measure. Based
on these experiments a pharmacokinetic level of
4xPAIC,, was found to be fully protective against
SHIV infection and the same was adopted for hu-
man clinical studies and finally confirmed at drug
entry into the market. We might argue that these
studies were not done with HIV but on a chimeric
simian/human virus, the hosts were not humans
but animal models and that the study was not on
chronic infection but on prevention against intra-
vaginal and intrarectal infection. Nevertheless,
once approved the dual long-acting injectable
combination CAB/RPV repeatedly achieved non
inferiority both in registration trials and in phase
IV comparative studies against 1% line standard
oral treatments [47]. The only real and rather con-
sistent difference between this long-acting regi-
men and standard oral comparators was the rath-
er high rate of virologic resistance recorded in the
few patients who had virologic failure with CAB/
RPV [48]. To measure and interpret this asymmet-
ric phenomenon we can look back at DTG mono-
therapy for an indirect comparison. The failure
rate of DTG monotherapy was well higher than
that of CAB/RPV, such as 18 failures out of 272
patients (6.6%) vs 24 failures out of 2313 CAB/

RPV intakers (1.03%) from 5 comparative rand-
omized studies. However, resistance selection
among patients with virologic failure was lower
in case of DTG monotherapy (7 patients out of 15
in whom resistance testing was possible, 46%), as
compared to CAB/RPV (18 out of 24 patients,
75%). This comparison is flawed by several fac-
tors, the most relevant being that it was not a
comparative properly designed trial but just a
comparison between a single non repeatable
study (open study of DTG monotherapy vs DTG/
ABC/3TC) and the findings taken from 5 clinical
comparative studies on injectable CAB/RPV vs
oral comparators (LATTE-2, ATLAS, FLAIR, AT-
LAS-2M and SOLAR). As suggested by the role of
BMI as risk factor for virologic failure, pharma-
cokinetics of CAB/RPV could be an hot point
here, as in several reports it was found that in a
sizeable proportion of patients the C,,,, of both
CAB and RPV was lower than expected, with cas-
es having barely measurable concentrations at the
end of the dosing interval [49]. Thus, an explana-
tion might be the lack of adequate drug levels in
some patients. We might envisage how in these
cases the slowly descending pharmacokinetic pat-
tern of the drugs makes the concentration fall in
the so called “mutant selection window” (MSW)
for a time sufficient to determine both virologic
failure and selection of RAMs. The MSW identi-
fies a concentration interval within which the
drug exposure is still above the sensitivity of most
virions but below the level required to inhibit the
1%t step mutants, a theoretical framework that was
taken into consideration in the past to explain the
virologic failure of 1% and 2™ gen NNRTTs intak-
ers (drugs with long T/2). If the time within the
MSW is long enough (before the subsequent injec-
tion) both virologic failure and RAMs might thus
take place. However, such a hypothesis is unlike-
ly to cover the entire story, as the number of pa-
tients with borderline or insufficient pharmacoki-
netic exposure in these studies is disproportion-
ately high as compared to the number of those
who undergo virologic failure. Some biologic var-
iables, as the ones found to be associated to DTG
monotherapy failure, might contribute to better
understand the picture. The low nadir CD4*, the
time spent with uncontrolled HIV replication be-
fore the first treatment was started and the higher
HIV-DNA burden measured in those who failed
are proxies of each other, and all three testified an
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immunovirological profile for which the use of a
single drug, although fully active and intrinsical-
ly very potent, might not be sufficient to deter-
mine and maintain viral suppression over time
[50, 51]. The intimate reasons are almost unknown
but the most accredited hypothesis is that the long
period of uncontrolled viral replication, with its
immunovirological markers, like a low nadir
CD4* T-cell count and an high HIV-DNA reser-
voir, might still determine a renewal of circulating
virus whose magnitude cannot be fully controlled
by a single active drug, as it is the case of DTG
monotherapy, and possibly in some patients un-
der treatment with CAB/RPV. Several reports
that focused on CAB/RPV failures found similar
factors to be associated with both virologic failure
and RAMs selection and suggest to include some
anamnestic items in patient’s selection. In a study
on 173 recipients of CAB/RPV these variables
could be addressed in a setting of Pk with a rela-
tively low frequency of suboptimal exposure. In
facts, as compared to other clinical reports, in this
study the average Pk exposure of patients was
definitely higher, with only a small minority of
patients (around 2%) having CAB levels < 4xPA-
ICy, (664 ng/mL) and none with RPV exposure
<4xPAICy, (50 ng/mL). Interestingly, in spite of
the better pharmacokinetic profile the failure rate
was comparable to other clinical studies (2 pa-
tients, 1.15%, both with C,,, well above the rec-
ognized cutoff value for CAB and RPV). This
study, perhaps more than others, shows how viro-
logic failure with CAB/RPV may occur even in
the presence of a Pk exposure rated as correct ac-
cording to the so far recognized cut-offs. The final
virologic findings, after a follow-up approaching
one year, were stratified according to the values
recorded, with 61.3% of patients < 20 HIV-RNA
copies/mL, 84.8% <50 copies/mL and 95.9% <200
copies/mL [50]. As compared to patients with <20
copies/mL, those with >20 copies/mL had higher
zenith values of pre-treatment viremia, a trend
toward lower nadir CD4+ T-cell counts, a higher
incidence of viremia episodes in the year preced-
ing the switch to CAB/RPV and a lower likeli-
hood to have <20 copies/mL at the time of switch.
We might argue that the threshold of 20 copies/
mL is too ambitious and that the conventional
cutoff of 50 copies/mL should be taken instead.
However, in the same study these variables had
similar trends also in case of a cutoff of 50 copies/

mL. The Authors suggest that these patients have
a large proviral reservoir from which virus pro-
duction by long-lived infected cells is barely cov-
ered by CAB/RPV. In most clinical studies ad-
dressing the association between low level
viremia and the risk of subsequent virologic fail-
ure it was found that some degree of correlation
starts with values above 50 copies/mL and it pro-
portionally increases with higher viremias. How-
ever, these studies were carried out on patients
taking various conventional oral triple regimens
and it remains to be established whether minor
viremias (<50 copies/mL) detected by ultra-sensi-
tive assays might instead predict virologic failure
in case of dual therapies. Whatever is the case, in
this study a robust protection against virologic
failure or viral blips of any magnitude was pro-
vided by switching to CAB/RPV with a viral load
<20 copies/mL.

Should these findings be confirmed by similar ob-
servations, provided that the approved criteria for
CAB/RPV treatment are also met, patients with
HIV-RNA <20 copies might be switched to this
long-acting option with the least risk of virologic
failure.

To provide a further demonstration of the differ-
ences in terms of failure rates and RAMs selection
across different therapeutic approaches, it is worth
considering the results of two studies designed to
challenge the standard daily frequency of drug in-
take. In these two studies B/F/TAF and DTG/3TC
respectively were administered less frequently
than once a day. In the DUETTO trial participants
(214 vs. 291) were randomized to receive DT-
G/3TC every day or 4 days a week: in the inter-
mittent arm 8 subjects presented virological fail-
ure and 4 resistance associated mutations [52]. The
BETAF-RED was a smaller (n=40) study in which
participants received B/F/TAF every day or 3-2-1
times/week: the three cases of viral failure includ-
ed two from the once weekly arm and one from
the thrice weekly arm [53]. Interestingly no resist-
ance was detected and no significant change was
observed in ultrasensitive HIV RNA, HIV reser-
voir (measured through IPDA) or inflammatory
markers (such as intrleukin-6 and high-sensitivity
C reactive protein). Although such unusual fre-
quencies of administration are unlikely to be ap-
plied with these regimens, what has been observed
in these studies does confirm the stronger genetic
barrier of B/F/TAF as compared to DTG/3TC.
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B CONCLUSIONS

The more recent clinical studies concerning the
risk of virologic failure and RAMs selection are to
some extent reminiscent of older times when we
were fighting against drug resistance with a lower
number of therapeutic options and with drugs less
potent than 2™ gen INSTIs and TAF. The experi-
ence gained in trying to overcome and prevent
drug resistance by relying upon the knowledge of
RAMs, Pk data and past HIV history remains
highly relevant in guiding treatment selection for
long term success. Although newer drugs have
been developed to overcome dug resistance, as it
is the case of Fostemsavir and, more recently, Len-
acapavir, a major issue today is to preserve 2™ gen
INSTIs for future use. However, the most relevant
difference between the past experience and what
we are facing now in terms of drug resistance pre-
vention is that whenever the individual profile is
not reassuring, we can safely opt for a 2" gen IN-
STI-based oral therapy with BIC/FTC/TAF. In
conclusion, considering both the wide range of
suboptimal immune-virological conditions ob-
served in clinical practice and the proportion of
patients presenting with advanced HIV infection
which remains substantial, a need for a robust and
potent therapeutic strategy still persists, particu-
larly for rapid initiation and long term treatment
success. In this context, BIC/FTC/TAEF, with its
high intrinsic potency, strong genetic barrier to re-
sistance, and forgiveness, represents a valuable
option both for initial therapy and for treatment
optimization in virologically suppressed patients,
supporting its role as a reference standard among
current antiretroviral regimens.
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