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n	 INTRODUCTION

Tenofovir alafenamide (TAF) is the 2nd Teno-
fovir (TFV) prodrug released into the inter-

national market [1]. The term prodrug entails 
the fact that the molecule does not generate any 
significant therapeutic effect in its original form 
but requires to be metabolically transformed to 
became active. TFV is the molecular form un-
dergoing intracellular phosphorylation, the final 
metabolic step required for the drug in order to 
compete with natural phosphorylated substrates 
of viral reverse transcriptase [2]. In the initial 
phase of development it was soon found that TFV 
as such was not absorbed at the intestinal level 
and that suitable pharmaceutical formulations 
should have been devised to allow the drug to be 
developed for oral intake [3]. The 1st TFV prod-
rug to be clinically developed was Tenofovir dis-
oproxil fumarate (TDF), that was released into the 
market in 2001 (USA) for the treatment of HIV 

infection and in 2008 its use was also approved 
for the treatment of chronic HBV infection [4, 5]. 
The decision to develop TAF inspite of years of 
worldwide successful TDF use was taken with 
the purpose of improving several aspects of the 
long-term safety of the drug [6]. 

n	 TENOFOVIR METABOLISM, 
PHARMACOKINETICS AND CLEARANCE

Although, by definition, the final product is the 
same, the clinical pharmacology of TFV is largely 
influenced by the prodrug considered. While both 
prodrugs, TDF and TAF, make the drug absorba-
ble from the intestine, once TFV is in the circula-
tion its distribution shows marked differences de-
pending on which of the two oral formulations is 
taken. Most of TFV absorbed following TDF oral 
intake (25% oral bioavailability) dissolves from 
its link with the disoproxil fumarate salt and is 
evenly distributed into a wide range of different 
tissues [7]. The reverse is true when TFV is tak-
en as TAF (40% oral bioavailability estimated), as 
the link with the alafenamide salt is stronger, and 
most of the drug circulates bound to it [8]. A ma-
jor property of TAF is that of driving a rather se-
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Tenofovir today exists in two pharmaceutical forms, 
such as Tenofovir disoproxil fumarate (TDF) and the 
newer Tenofovir alafenamide (TAF). The two different 
salts are required in order to promote intestinal absorp-
tion of the active molecule (TFV). Once absorbed the dis-
tribution of TFV into compartments is driven by the salt 
to which the drug is conjugated; in case of TDF, follow-
ing absorption most of TFV is cleared from its link with 
the salt and the drug is widely distributed into different 
tissues, while in case of TAF the reverse is true as TFV 
remains mostly associated to its alafenamide salt and 
its distribution is restricted to cells with high carboxyes-
terase and catepsin A activity, such as hepatocytes and 
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lymphocytes. This generates higher plasma levels of 
TFV in case of TDF while in the case of TFV much higher 
intracellular concentrations in target cells are achieved. 
The main reason for TAF development was to reduce the 
impact of the drug on proximal renal function and this 
was actually obtained by the much lower plasma con-
centration of TFV. Numerous clinical trials consistently 
demonstrated the significant lesser impact of TAF vs 
TDF on both renal function and structural bone integrity. 
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lective distribution of TFV (Figure 1). Here comes 
the definition of “magic bullet”, as TFV when giv-
en as TAF undergoes a rather selective uptake by 
cells in which most of viral replication occurs. This 
applies both to the first-pass metabolism, where 
the carboxy-esterase 1(CES1)-rich hepatocytes are 
able to internalize the drug, and to the catepsin 
A (CatA) expressing PBMCs [8]. This selective 
distribution accounts for the much lower (25 mg) 
dose of TAF that is required to generate compara-
ble clinical antiviral effects as the standard 245 mg 
dose of TDF [9]. Such different distribution of TFV 
when given as TAF or TDF was first described 
in a pioneer study in 2005 by Lee and cowork-
ers, who compared the pharmacokinetics of TFV 
when administered by the intravenous route (IV, 
1 mg/kg bw) and by the oral route as TDF (245 
mg) and TAF (25 mg) [10]. While the highest plas-
ma AUC was measured in decreasing order for 
IV TFV (4800 ng/h/mL), TDF (1900 ng/h/mL) 
and TAF (16 ng/h/mL), the PBMC/plasma ratio 
showed the opposite order, with TAF achieving 
the highest value, 150, followed by TDF, 5 and IV 
TFV, 1. These relevant differences in terms of in-
tracellular distribution were mirrored by the EC50 
for HIV-1 (mM), that was as low as 0.005 for TAF, 

0.05 for TDF and as high as 5.0. for IV TFV [10]. 
The clinical relevance of these different values 
have been consistently confirmed in clinical stud-
ies. Plasma and intracellular pharmacokinetics of 
TFV was measured in 30 patients who switched 
from TDF- to TAF containing regimens and it was 
found that while TFV plasma concentrations de-
creased by 90% [TDF: 99.98 (2.24) ng/mL vs TAF: 
10.2 (1.6) ng/mL, p<0.001] following the switch 
to TAF, the white cell associated TFV-diphosphate 
(TFV-DP) increased 2.41 fold [TAF: 834.7 (2.49) vs 
TDF: 346.85 (3.75) fmol/106 cells, p=0.004] [11]. 
The main reason why TAF was clinically devel-
oped following the extensive and successful use of 
TDF was not however the higher intracellular pen-
etration of TFV achieved by TAF intake but rather 
its much lower plasma pK exposure. The major 
clinical relevance of these findings, and specifically 
the negligible plasma pK exposure of TFV, is thus 
on the toxicity side as TAF has been consistently 
found to be associated to a much lower impact in 
terms of both renal toxicity and bone structural in-
tegrity as compared to its ancestor TDF [12-15]. 
The main difference in terms of clinical impact 
between TDF and TAF lies thus in the process of 
clearance of TFV, where the much lower plasma 
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Figure 1 - The different tenofovir (TFV) distribution following intestinal absorption of Tenofovir disoproxil fuma-
rate (TDF) and Tenofovir alafenamide (TAF) is represented.
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pK exposure of TFV when taken as TAF plays 
a key role in improving the safety profile of the 
drug. TFV is cleared by the renal route, with glo-
merular filtration accounting for approximately 
2/3 and secretion by the renal proximal tubule 
for the rest [16]. The amount of TFV escaping glo-
merular filtration reaches the epithelial cells of 
the proximal renal tubule by the efferent arteri-
oles. Uptake of TFV by these cells is efficient, but 
following internalization of the drug, the subse-
quent phase of apical secretion into the urine has 
a lower capacity, so that a variable amount of TFV 
tends to accumulate into proximal tubule epithe-
lial cells [17]. Although TFV was shown to have 
minimal mitochondrial toxicity, once the local 
concentration increases alteration in mitochondri-
al structure and function follow, with decrease in 
energy production by mitochondria resulting in 
lower efficiency of membrane transporters [18]. A 
vicious circle is thus generated with chronic im-
pairment of proximal tubule function. The latter 
can be measured by the capacity or reabsorbing 
low-molecular protein molecules, such as reti-
nol-binding protein (RBP) and b2-microglobulin. 
These two markers have been extensively used in 
clinical trials to demonstrate the lower proximal 
renal tubule reabsorbing efficiency in TDF vs TAF 
intakers, with unambiguous results consistently 
showing a significantly higher preserved prox-
imal renal function in TAF recipients [12-15]. It 
must be noted that these markers of proximal tu-
bular function are rarely used in clinical practice, 
where creatininemia and creatinine-based calcu-
lation of glomerular filtration are more commonly 
measured. Creatinine renal clearance mainly oc-
curs by glomerular filtration (85%), with a minor 
contribution by proximal tubular secretion [16, 
19]. This explains why the increases in creatinine-
mia and parallel decreases in the estimated value 
of glomerular filtration are common occurrences 
in TDF-treated patients, but these markers actu-
ally underestimate the impact of TDF on renal 
proximal tubule function. In an horizontal clini-
cal study on 289 TDF-treated patients with steady 
normal creatinine values and a median exposure 
to TDF of 5.2 years, the measurement of the uri-
nary RBP/creatinine ratio showed that 54% of 
these patients had a reduced proximal tubule 
function inspite of normal creatinine values. As 
expected, these alterations were inversely pro-
portional to the TFV urinary concentration, thus 

testifying a reduced capacity of clearing the drug 
by tubular secretion [20]. 
A further difference between TDF and TAF that is 
also attributable to the lesser impact of the latter 
on renal function is the reduced impact of TAF on 
bone structural integrity. Lower reduction in bone 
mineral density (BMD) have been constantly de-
tected in TAF vs TDF intakers, possibly reflecting 
a reduced phosphate loss by the proximal renal 
tubule [12-15]. In clinical studies evaluating the 
effects of switching from TDF to TAF-containing 
regimens an increase in patients BMD has also 
been regularly measured [21, 22]. 
All this data points on the benefit associated to the 
lower plasma pK exposure of TFV when admin-
istered as TAF. Before the clinical development of 
TAF was completed, differences in terms of BMD 
were already seen in TDF recipients according to 
the companion drugs. Depending on the compan-
ion drugs, the pK plasma exposure of TFV in pa-
tients receiving TDF may significantly differ, with 
both efavirenz (EFV) and raltegravir (RAL) being 
associated to the lowest TFV concentrations [23]. 
In an equivalence clinical trial comparing daruna-
vir/ritonavir (DRV/r), atazanavir/ritonavir (AT-
V/r) and RAL, all associated to emtricitabine/
tenofovir (FTC/TDF), the lowest impact on BMD 
was seen in the RAL treatment arm, and this is in 
full accordance to pK clinical studies measuring 
the TDF-associated TFV pK exposure according 
to companion drugs [23-25].

n	 CONCLUSIONS

It is thus the lower concentrations of TFV in plas-
ma that account for the significantly better safety 
profile of TFV, and to complete the TAF definition 
of “magic bullet”, the property of being less con-
centrated where potentially toxic (e.g. the plasma 
bathing the renal proximal tubule) well fits with 
its higher concentration into cells where HIV and 
HBV replicate.
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