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SUMMARY

In Italy a proportion of HIV patients exceeding 50% are
diagnosed at advanced stages of disease.

A sizeable proportion of patients under chronic HIV
treatment has a story of poor adherence with archived
resistance associated mutations, a condition implying
some risks in case of treatment with dual regimens.
Conventional three-drug regimens will remain neces-
sary in the short-mid term, in order to avoid treatment
failure and selection of drug resistance.

B INTRODUCTION

In the new era of antiretroviral therapy no reg-
imens consisting of three drugs are any longer
in the pipeline of the pharmaceutical industry.
Dual regimens (2DR), mostly based on long-act-
ing injectable drugs represent the focus of current
and future developments for the treatment of HIV
infection [1]. While in their clinical development
these lighter regimens were found to provide effi-
cacy rates non inferior to conventional three drug
combinations, both in case of treatment-naive and
experienced patients [2-5], it must be recognized
that the patients recruited in these registration
clinical trials are not representative of the entire
HIV+ population. Selection of patients with suita-
ble low-risk conditions for therapeutic failure was
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and a good compatibility with concurrent medications
are all features that describe the overall quality of BIC/
FTC/TAF, a combination whose robustness will remain
a point of reference for the next years.
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a prerequisite in the study designs in order to find
the right position for dual therapies in the treat-
ment of HIV infection. This implies that a sizeable
proportion of patients not fulfilling study entry
criteria were excluded and considered at risk of
therapeutic failure with two-drug combinations
[6]. As a consequence, for these patients a three-
drug regimen (3DR) seems to be still advisable
to reduce the likelihood of treatment failure and
it appears nowadays unlikely that the currently
available dual regimens or newer solutions under
development will make 3DR no longer required
in the near future. Thus, inspite of the lack of any
3DR in the pharmaceutical pipeline, these conven-
tional regimens will keep on playing a relevant
role in the next years. High-risk naive patients
(e.g. AIDS presenters) and patients with prior
relevant treatment failures are likely to keep on
representing a critical proportion of HIV-infect-
ed patients for whom a dual regimen is unlikely
to be the best permanent solution. Furthermore,
suboptimal adherence is rather common in pa-
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Table 1 - Pharmacologic parameters of the three drugs co-formulated in the single tablet BIC/FTC/TAF. T/2: elim-
ination half-life; IC: intracellular, AUC: area under the curve.

Bictegravir Emtricitabine Tenofovir Alafenamide
T/2 (h) 17.3 10.0 plasma, 54.5 IC 32.37 plasma, 69.6 IC
VD (L) 15.56 1.4+/-03 L/Kg >100
Absorption Fat meal increases AUC Food irrelevant Fat meal increases AUC by 65%
and Cmax by 24 and 13%
Protein binding >99% 4% TAF 80%, tenofovir 0.7%
Clearance 35% renal (glucuronide) 86% renal (13% as metabolites - Cleared by glomerular filtration
(excreted by glomerular filtration | (2/3) and tubular secretion (1/3)
and tubular secretion)
Metabolism CYP3A and UGT1A1 Limited Carboxylesterase-1, cathepsin A,
Inhibitor of OCT2 and MATE CYP3A (minimal), substrate of
P-gp, BCRP, OATP1B1, OATP1B3

tients receiving antiretroviral therapy, an attitude
that emphasizes the lower intrinsic antiretroviral
potency of 2DR as compared to 3DR [6].

The last 3DR that underwent successful devel-
opment consists of the last generation integrase
strand-transfer inhibitor (INSTI) bictegravir in
co-formulation with the two reverse transcriptase
inhibitors (NtRTIs) emtricitabine (FTC, a cytidine
analogue) and tenofovir alafenamide (TAEF an
adenosine analogue). This single pill combination
was approved by FDA in 2018 and represents the
combined result of the successful evolution of
two drug classes, the INSTIs and the NtRTIs [7, 8].

Basic Clinical Pharmacology of the individual
components of the single tablet combination
Bictegravir/Emtricitabine/Tenofovir
Alafenamide (BIC/FTC/TAF)

The main pharmacologic characteristics of clini-
cal relevance of the three antiretrovirals are rep-
resented in Table 1. While more numerous are the
parameters describing the pharmacologic features
of a drug, here only those of closest relevance to
the clinical field are shown and discussed.

Bictegravir (BIC)

Pharmacodynamics — BIC is a last generation strand-
transfer integrase inhibitor (INSTI) that binds
to the integrase active site and blocks the strand
transfer step of retroviral deoxyribonucleic acid
(DNA) integration. BIC, which is available only as
component of a single tablet regimen also includ-
ing FTC and TAF, is active against both HIV-1 and
HIV-2. The 50% effective concentration (EC50) val-

ues for bictegravir [as assessed in lymphoblastoid
cell lines, PBMCs, primary monocyte /macrophage
cells, and CD4+ T-lymphocytes) was found to be in
the range of <0.05 to 6.6 nM. The protein-adjusted
EC95 of bictegravir was 361 nM (0.162 pg/mL) for
wild type HIV-1 virus [9].

As in case of other INSTIs, BIC was found to de-
termine a rapid viral fall in a 10-day monother-
apy study, with a log,  reduction of viral copies
exceeding 2.0 [10]. It must be noted that this is a
specific property of 2" generation INSTIs and that
beyond the appraisal of a remarkable intrinsic an-
tiviral potency of the drug, such an effect contrib-
utes to increasing its genetic barrier by reducing
the viral biomass in a significantly shorter time as
compared to all other existing antiretroviral drug
classes [11].

Pharmacokinetics — Peak plasma concentration
following absorption occurs 2.0-4.0 hours after
oral intake, with a limited impact on Pk param-
eters given by intake with a fat meal (AUC and
C,.. increase of 24% and 13%, respectively). The
plasma elimination half-life (T/2) is 17.3 hours,
a value well allowing once daily administration
[9]. However, beyond the plasma concentration of
BIC, what is likely to also impact in terms of du-
ration of antiviral suppression is the long dissoci-
ation time from the target shown by BIC, which is
by far the longest recorded among INSTIs. In in
vitro studies on cells, in which the antiviral activi-
ty was measured following wash-out of the drug
from the supernatant, BIC was found to have a
dissociation T/2 from wild-type integrase-DNA
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Table 2 - Dissociation half-lives of INSTIs from inte-
grase-DNA complex (from White KL, et al. AAC 2021; 65,
€02406-20).

INSTI Dzssocuzt]z/t\);ff Time (h) Dzésloiggzzngl;zggh)
Bictegravir 163 + 31 57+04
Dolutegravir 96 + 29 1.9+0.2
Raltegravir 10+2 nd
Elvitegravir 33+09 nd

complex of 163 hours [12]. The dissociation times
(half-lives) of INSTIs are shown in Table 2. Such
INSTI-specific property suggests that these drugs
retain their inhibitory activity against HIV repli-
cation for a longer time than otherwise predicted
by simply referring to plasma T/2 values. Protein
binding of BIC is rather similar to all INSTIs, with
values around 99%, and likewise similar is its vol-
ume of distribution (15.56 L) [9].

Metabolism —BIC is primarily a substrate of CYP3A
and UGT1A1, and 60% of the drug is recovered
in faeces as unchanged molecule, desfluoro-hy-
droxy-BIC-cysteine-conjugate and other minor
oxidative metabolites, while 35% is recovered in
urine as glucuronide metabolite [9].

Emtricitabine (FTC)

Pharmacodynamics — FTC acts as a nucleoside re-
verse transcriptase inhibitor (NRTI) with a mi-
metic mechanism as analogue of 2" deoxycytidine.
Following triple intracellular phosphorylation it
undergoes incorporation into proviral DNA by
the catalyst action of HIV reverse transcriptase,
which results in DNA chain termination [13]. FTC
atits approved daily dose of 200 mg was found to
determine a 1.7 log, viral fall in a 10-day mono-
therapy study [14]. In the same study the standard
dose of the drug was compared to lower doses of
FTC itself and to the standard lamivudine (3TC)
dose, and it was shown to achieve a viral load de-
crease to <400 copies/mL or a >2 log, , decrease in
53% of cases while with 3TC at the standard 150
mg bid dose the same results were obtained in
29% of patients [14].

Pharmacokinetics — With a 93% of oral bioavail-
abilty FTC achieves peak plasma concentra-
tion 1.5-2.0 hours following oral intake, and

absorption is unaffected by food. The plasma
T/2 of FTC is around 10.0 hours while its ac-
tive tri-phosphorylated moiety has an intracel-
lular T/2 of 54.5 hours [13]. For comparison we
should take into account that 3TC has a plasma
T/2 of 5 hours and an intracellular T/2 of the
active triphosphorylated active moiety of 15-16
hours [15]. Protein binding of FTC is of 4% and
its volume of distribution is 1.4+/-0.3 L/kg.

Metabolism — FTC undergoes intracellular phos-
phorylation to be transformed into its active moi-
ety. Following de-phosphorylation FTC is recov-
ered from urine (86%) and faeces (14%) mainly
as unchanged molecule, with minor metabolism
(13% as 3’sulfoxide diastereomers and 2’O-glucu-
ronide) [13].

Tenofovir Alafenamide (TAF)

Pharmacodynamics — TAF is a phosphonamidate
prodrug of tenofovir that was developed after
the successful introduction of the former prodrug
tenofovir disoproxil fumarate (TDF). Once inside
the cells tenofovir undergoes phosphorylation to
be transformed into its pharmacologically active
metabolite tenofovir diphosphate. The latter acts
as mimetic alternative to the natural substrate
adenosine triphosphate and gets incorporated
into proviral DNA by HIV reverse transcriptase,
which results into DNA chain termination [16].

Pharmacokinetics — As compared to TDF, whose
bioavailability is 25%, TAF absorption is around
40% and its AUC can be increased by 65% follow-
ing a fat meal. A strategic difference from TDF is
its greater plasma stability as alafenamide salt.
This property is associated to a much more selec-
tive distribution of tenofovir into cells. The latter
is driven by cell richness in carboxy-esterase 1
(CES1), as it occurs in case of first-pass metabo-
lism by hepatocytes, and catepsin A (CatA) ex-
pressing PBMCs [17]. The plasma half-life of TAF
is 0.51 hours, while tenofovir free of the alafena-
mide salt has a T/2 of >32 hours. The intracellu-
lar T/2 of the active phosphorylated moiety is 69
hours and the volume of distribution exceeds 100
L [18].

Metabolism — TAF is metabolized by CES1 and
CatA, then undergoes phosphorylation intracel-
lularly and once de-phosphorylated is cleared by
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glomerular filtration (2/3) and proximal tubular
secretion (1/3). Tenofovir is transported by P-gp,
BCRP, OATP1B1 and OATP1B3 [16].

Clinical/Pharmacologic considerations

about the three components together

The single tablet regimen consisting of BIC/FTC/
TAF is the last three-drug regimen developed
for the treatment of HIV infection. As such it is
not surprising that the single components of this
regimen display the best antiretroviral properties
ever seen in each drug class here considered [19].
Bictegravir is the last oral INSTI that appeared in
the antiretroviral market and alike dolutegravir,
in the 10-day monotherapy study is associated
with a log,, drop in viral copies that exceeds 2.0
[10]. This remarkable intrinsic antiretroviral po-
tency is associated to a faster reduction or disap-
pearance of detectable HIV-RNA from plasma as
compared to any other antiretroviral drug class.
Since both the size of the microbial biomass and
the duration of the exposure to the selecting agent
are among the factors driving the selection of re-
sistant mutants, such faster viral decay is by all
means a property that contributes to the robust
genetic barrier of the drug [11]. In the clinical sce-
nario this is testified by the only anecdotal emer-
gence of drug resistance when a 2" generation
INSTTI is part of the regimen [7, 8, 20].

Similar considerations apply to FIC, that is the
last cytidine analogue developed for the treat-
ment of HIV infection. When compared to the old-
er NRTI cytidine analogue available in the market
(3TC), in a 10-day monotherapy study FTC gave
overt evidence of a higher intrinsic antiretroviral
potency [14]. Further to its greater potency FTC
has a longer intracellular T/2 allowing once daily
administration [13].

Tenofovir alafenamide represents the evolution
of tenofovir prodrugs, whose development was
deemed necessary in the light of the increasing
evidence of proximal renal tubular toxicity asso-
ciated to TDF intake [21]. We must consider that
when TDF was made available into the market
the average age of the HIV-infected population
was well younger than now and that progressive
aging was prospectively seen as a further critical
factor for renal tubular toxicity [22]. Being TAF
and TDF prodrugs of tenofovir, for any compari-
son we should remember that the final intracellu-
lar active moiety is the same. What does indeed

change is its distribution, since when tenofovir is
taken as TAF much lower plasma concentration
of tenofovir are measured as compared to TDEF,
while the opposite happens at the intracellular
level, where the pharmacokinetic exposure of
tenofovir may approach a value that is 6, 7 fold
the one measured in case of TDF intake [18]. Thus
the improvement of TAF over TDF took place in
two directions, as more drug is made available
in target cells and less drug is present in the sys-
temic circulation where its higher concentration
may be harmful. Since approximately a third of
tenofovir clearance takes place through proximal
tubular secretion (the rest is freely filtered by the
glomerulus) in case of TDF intake the capacity
of extruding the drug by the tubular epithelium
may be insufficient thus leading to some degree
of tenofovir accumulation into epithelial cells. It
has been demonstrated both in animal models
and humans that such intracellular excess of ten-
ofovir may functionally damage mitochondria,
which reduces the energy available for the mem-
brane transporters mediating the efflux of the
drug into urine [23]. While this functional tubular
impairment is not usually followed by reduced
glomerular filtration, a downstream consequence
of this abnormality is the impaired tubular reab-
sorption capacity. The reduced reabsorption of
phosphate is the likely pathogenetic link with a
common feature associated to TDF intake, such
as the decrease of bone mineral density, as tes-
tified by many clinical studies [24]. Among the
variables associated to TDF tubular toxicity, the
plasma concentration of tenofovir plays a major
role and as a consequence its lower pharmacoki-
netic plasma exposure achieved when adminis-
tered as TAF is the reason why this second prod-
rug is virtually harmless for proximal tubular
physiology [21, 25, 26]. Thus, the task of making
available a less toxic pharmaceutical form of the
same virologically effective molecule was fully
accomplished.

On the side of antiretroviral potency no differenc-
es between TDF and TAF were recorded, with a
partial exception being represented by their use
in PrEP; in a randomized, comparative, dou-
ble-blind clinical trial (both drugs were combined
with FTC), although no statistically significant
difference was seen, a clear tendency to a greater
protective effect was associated to TAF [27]. Re-
cipients of TAF had an incidence of HIV infection
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of 0.16 per 100 person-years [7 infections per 4370
persons-year), while for those who were taking
TDF the incidence was 0.34 per 100 person-years
(15 infections per 4386 person-years), a >50% dif-
ference actuallyjust short of statistical significance.
In clinical trials comparing TDF and TAF in the
treatment of HIV infection the common virologic
result was that of non-inferiority, thus suggesting
that the increased pharmacokinetic exposure of
tenofovir inside the target cells achieved by TAF
intake does not provide any additional advantage
when compared to TDF in terms of virologic sup-
pression [7, 8]. However such higher intracellular
concentration of tenofovir cannot be dismissed as
an irrelevant feature, as there are individual cir-
cumstances in which having on board more drug
might compensate for weaknesses resulting from
some degree of drug resistance concerning teno-
fovir itself or the other components of the regimen
[20]. In such a view we should also consider pos-
sible advantages from a higher pharmacokinetic
exposure into compartments [28]. While the pos-
sible virologic advantages of higher intracellular
concentrations of tenofovir when given as TAF vs
TDF remain hypothetical in the treatment of HIV
infection, in the setting of HIV-HBV co-infection
some clues about additional benefits coming from
TAF intake are emerging. In a small phase-III clin-
ical trial comparing BIC/FTC/TAF and DTG/
FTC/TDE, a significantly higher proportion of pa-
tients receiving TAF achieved the target of HBV-
DNA suppression <29 IU/mL after 48 weeks of
treatment as compared to TDF intakers (63.0 vs
43.4%, p=0.023) [29]. Furthermore, TAF recipients
also had a higher incidence of HBsAg clearance
(12.6 vs 5.8%), anti-HBsAg seroconversion [8.4
vs 3.3%), clearance of HBeAg (25.6 vs 14.4%), an-
ti-HBeAg seroconversion (23.3 vs 11.3%) and ALT
normalization through week 48 (73.3 vs 55.3%).
These results are unprecedented in the setting of
anti-HBV treatment in HIV/HBV co-infected pa-
tients, and clearly suggest that the increased in-
tracellular tenofovir concentrations achieved by
treatment with TAF are of therapeutic relevance
in this setting. It is noteworthy, as a simple matter
of fact, that in such clinical therapeutic compari-
son between TAF and TDF, whose active moiety
is by definition the same, the patients who were
treated with the pharmaceutical form delivering
more drug into the cells had a better virologic
outcome. After years of immunomodulant treat-

ment of chronic HBV infection, followed by the
successful introduction of antivirals inhibiting the
viral polymerase, these results finally suggest that
a relevant factor here may be represented by the
amount of drug we are able to deliver into infect-
ed cells. Such a progress might pave the way to
novel strategies to further improve the therapeu-
tic outcome of chronic HBV infection.

B CONCLUSIONS

The new orientation of HIV pharmaceutics points
on dual regimens, mainly with the characteris-
tics of injectables, long-acting molecules. How-
ever many patients keep on having less an ideal
conditions for the use of a regimen consisting of
less than three drugs. In Italy a proportion of pa-
tients exceeding 50% are diagnosed at advanced
stages of disease, usually with high viral loads
and a deteriorated immunity, and the average
perception of the risk of acquiring HIV infection
remains rather low, thus contributing to perpetu-
ate the high numbers of AIDS presenters [30, 31].
Furthermore, a sizeable proportion of patients
under chronic HIV treatment has a story of poor
adherence with archived resistance-associated
mutations, a condition implying some risks in
case of treatment with dual regimens. As a conse-
quence it can easily predictable that convention-
al three-drug regimens will remain necessary in
the short-mid term, in order to avoid treatment
failure and selection of drug resistance. Among
physicians working in the HIV field, the respon-
sibility of preserving the efficacy of key compo-
nents of antiretroviral regimens (e.g. INSTIs) is
felt as serious, with the aim of avoiding the use
of older drugs, often characterized by lower tol-
erability and higher toxicity. To this prioritary is-
sue we must add the consideration that the choice
between a dual and a triple therapy is no longer
justified by the reduced toxicity of a regimen con-
sisting of less drugs. This was the case when the
NtRTIs available were characterized by specific
signature toxicities, and withdrawal of a drug,
when deemed immunovirologically feasible, was
the way to improve the long-term tolerability and
safety of the regimen [32]. Today is no longer the
case, as drugs like 2nd generation INSTIs and TAF,
the new tenofovir prodrug, are not actually asso-
ciated to additional relevant toxicity as compared
to the currently available dual regimens. Beyond
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the fascinating perspective of treating HIV infec-
tion with injectable long-acting options, allowing
for long intervals between sequential drug ad-
ministrations, one reason why triple regimens are
no longer in the pipeline of the pharmaceutical
industry might also lie in the fact that single-tab-
let regimens of a standard higher than BIC/FTC/
TAF are currently out of reach for most manufac-
turers. Efficacy, tolerability, safety, genetic barrier,
forgiveness and a good compatibility with con-
current medications are all features that describe
the overall quality of BIC/FTC/TAF, a combina-
tion whose robustness will remain a point of ref-
erence for the next years.
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