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Actualités en Virologie 
30 ans après, où en est-on avec les Nuc’s ? 



Un peu d’histoire… 



Hendrix playing the Star Spangled Banner August 18, 1969 

June 8, 1972 Kim Phuc (Nick Ut) 



In May of that year, the invasion of 
Cambodia by US forces resulted in 

major escalation of college protests, 
one of which led to the shooting deaths 

of four students at the hands of the 
National Guard at Kent State University 

in Ohio 

J.M Coffin et al ; Ann.Rev.Virol. 2016 

The year 1970 was a tumultuous one 
on campuses across the United States 

Crosby, Stills, Nash and Young : Ohio May 1970 



J.M Coffin et al ; Ann.Rev.Virol. 2016 

Massachusetts Institute of Technology (MIT) 
University of Wisconsin (UW) 

Around the same time, in 
the laboratories of David 

Baltimore at MIT and 
Howard Temin at UW, 

experiments were being 
done that, although 

simple in concept and 
execution, were to have a 

dramatic effect on 
embryonic areas of 

eukaryotic molecular 
biology 



  H.Temin ; D.Baltimore : Nobel 1975          

Because this activity was the reverse 
of the well-known DNA-dependant 

RNA synthesis seen in transcription, 
the enzyme that catalyzed it was soon 
refereed to as reverse transcriptase 



Kohler ; Milstein : Nobel 1984   H.Temin ; D.Baltimore : Nobel 1975          



 Nobel 1980 

G.G Brownlee; J.Mol.Biol.2018 

  H.Temin ; D.Baltimore : Nobel 1975          Kohler ; Milstein : Nobel 1984 



  H.Temin ; D.Baltimore : Nobel 1975          Kohler ; Milstein : Nobel 1984 

D.A Morgan  et al ; Science  1976 

F.W Ruscetti et al ; J.Immunol. 1977 

R.Gallo 

 Nobel 1980 

G.G Brownlee; J.Mol.Biol.2018 



D.A Morgan  et al ; Science  1976 

F.W Ruscetti et al ; J.Immunol. 1977 

B.J Poiesz et al;   
PNAS 1980 

 … when Gallo first submitted their report on HTLV-I to Journal of Virology it 
was rejected right away by the editor Robert Wagner "insisting that they should cease, 

and not continue to perpetuate the controversy, strongly implying that we all know 
human retroviruses do not exist" 

A.Vahlne ; Retrovirology 2009 T.M Hammet et al ; AJPH 2016 S.Broder ; Ant.Res. 2010 

R.Gallo 

Noting the triumph 
of vaccines and 
antibiotics, he is 
often quoted as 

saying, in 1967, that 
it was time to “close 

the book” on 
infectious disease 

N.Bristol ; Lancet 2008 

Even if the first three conditions somehow did not 
apply, retroviruses by their very nature were 

inherently untreatable, based primarily on their 
capacity to integrate into the host genome and/or 

rapidly mutate due to the error-prone RT 

 … even if somehow active human 
retroviruses did exist, such agents 

played a relatively minor or 
“anecdotal” role in the public 

health  





• ↑ RT  26 /01( ↓) 
• Co-culture : RT ↑  

(04 Janvier 1983)  Courtesy of Willy Rozenbaum 

F.Barre-Sinoussi et al; Science 1983 



F.Barre-Sinoussi et al; Science 1983 

It happened on Friday, 4 February 1983, at 5:45 p.m… 





1964 With grant support 
from the NCI, AZT is first 

synthesized as a potential 
anti-cancer agent  

(Horwitz et al.1964) 

1974 AZT is shown to 
suppress the replication of 
Friend murine leukemia 
virus in vitro (Ostertag et 

al.1974) 



R.Yarchoan et al ; Lancet 1986 



The efficacy of azidothymidine (AZT) 
in the treatment of patients with AIDS 
and AIDS-related complex. A double-

blind, placebo-controlled trial 

M.A Fischl et al ; NEJM 1987 

AZT  
(1987) 

H.Mitsuya and S.Broder ; Nature 1987 

Strategies for antiviral 
therapy in AIDS 



In conclusion, 
Concorde has not 

shown any 
significant benefit 

from the 
immediate use of 

zidovudine 
compared with 

deferred therapy 
in symptom-free 

individuals in 
terms of survival 

or disease 
progression 

Preliminary analysis of the 
Concorde trial 

J.P Aboulker ; The Lancet April 3, 1993 

Reduction of maternal-infant 
transmission of human 

immunodeficiency virus type 1 with 
zidovudine treatment 

E.M Connor et al ; NEJM 1994 

A case-control study of HIV 
seroconversion in health care workers 
after percutaneous exposure. Centers 

for Disease Control and Prevention 
Needlestick Surveillance Group 

D.M Cardo et al ; NEJM 1997 

AZT  
(1987) 



AZT (1987) 
ddI (1991) 
ddC (1992) 
d4T (1994) 
3TC (1995) 

Resistance to ddl and Sensitivity to AZT 
Induced by a Mutation in HIV-1 Reverse 

Transcriptase 

The use of combination 
therapy for HIV-1 disease 

may prevent drug-
resistant isolates from 

emerging M.StClair et al ; Science 1991 

Delta : a randomised double-blind controlled 
trial comparing combinations of zidovudine 

plus didanosine or zalcitabine with zidovudine 
alone in HIV-infected individuals 

Delta coordinating comittee; Lancet 1996 

AZT plus ddI or ddC prolongs life and 
delays disease progression compared with 

AZT alone. The addition of ddI to 
participants already treated with AZT also 

improves survival, although the benefit 
appears less 

G.G Jackson et al ; Ann.Int.Med. 1988 

High levels of antigenemia correlated with symptoms, CD4 cell count, and prognosis. Monitoring 
antigenemia can be useful in evaluating patients with HIV infection and in evaluating the effect of 

antiviral chemotherapy 



AZT (1987) 
ddI (1991) 
ddC (1992) 
d4T (1994) 
3TC (1995) SQV (1995) 

RTV (1996) 
IDV (1996) 
NFV (1997) 

NVP (1996) 

F.J Palella et al ; NEJM 1998 

Declining morbidity and mortality 
among patients  with advanced 

HIV infection 

Antiretroviral therapy for HIV infection in 
1997.Updated recommendations of the 

International AIDS Society-USA panel 

The previous recommendations, which centered on 
double-NRTI regimens, were based on data available 

at the time. The panel now recommends that the 
preferred initial regimen is one that is most likely to 
reduce and maintain plasma HIV RNA levels below 

the level of detection. Currently, such a regimen 
would include 2 NRTIs and a protease inhibitor with 

high in vivo potency  

C.C Carpenter et al ; JAMA June 1997 



Ho DD et al ; Nature 1995 

G.Pantaleo et al ; Nature 1993 

http://www.coverbrowser.com/covers/time/78


 Identification of a 
reservoir for HIV-1 in 

patients on highly active 
antiretroviral therapy 

 Recovery of replication-
competent HIV despite 

prolonged suppression of 
plasma viremia 

D.Finzi et al ; Science 1997 J.K Wong et al ; Science 1997 

Quantification of latent 
tissue reservoirs and 

total body viral load in 
HIV-1 infection 

T.W Chun et al ; Nature 1997 

M.S Saag and J.M Kilby ; Nat.Med 1999  

HIV-1 and HAART: A time to cure, a time to kill 

… the demonstration that a minute fraction of resting memory CD4+ T cells carries 
quiescent but replication-competent provirus, it became clear that this would not 

be the case  



Drug-resistance genotyping in HIV-1 
therapy:   the VIRADAPT randomised 

controlled trial 

J.Durant et al ; Lancet 1999 

We found genotypic-resistance testing to 
have a significant benefit on the 

virological response when choosing a 
therapeutic alternative 



Inhibitors of strand transfer that prevent integration and inhibit HIV-1 
replication in cells 

D.J Hazuda et al ; Science 2000 



ddI (1991) 
ddC (1992) 
d4T (1994) 
3TC (1995) 

TDF (2001) 
FTC (2003) 

LPV/r (2000) 
fAPV (2003) 
ATV (2003) 

SQV (1995) 
RTV (1996) 

IDV (1996) EFV (1998) 

MVC (2007) 

NVP (1996) 

TPV (2005) 
DRV (2006) 

ETR (2008) 
RPV (2011) 

TAF (2016) 

ENF (2003) AZT (1987) 

BIC (2018) 

NFV (1997) 

RAL (2007) 

ABC (1998) 

EVG (2012) 
DTG (2013) 

IBA(2018) 

DOR(2018) 

En 30 ans… 



… probably because an 
extremely efficient synergy 

occurred between clinicians, 
virologists, immunologists, 
molecular biologists and 

epidemiologists : a perfect 
example of integrated research 

F. Barre-Sinoussi ; Nat.Med. 2003 

2  +    1        /          1           /        1 

A.Engelman et al; Nat.Rev.Microbiol. 2012 













 P.Arora et al ; PLoS Comp.Biol. 2009 



 P.Arora et al ; PLoS Comp.Biol. 2009  A.M Wensing et al ; Ant.Res. 2010 

These estimations indicate a relatively small effective population size in which solely single 
or double mutants as compared to wild-type are present. This estimation is supported by 

the observation that current Highly Active Anti-Retroviral Therapy (HAART) is capable of fully 
inhibiting viral replication, which would not have been possible if viral variants with more 

than two mutations would be present in the baseline viral population 



R.Paredes et al ; Ant.Res. 2010 « Vicious circle » 



R.Paredes et al ; Ant.Res. 2010 « Vicious circle » 

A.U Scherrer et al ; CID 2016 

D.D Richman ; CID 2016 



Tout ce que avez toujours  
voulu savoir sur les Nuc’s… 



RT that contains the sequence 
Tyr-Met-Asp-Asp that is highly 

conserved (YMDD) 

L.A Kohlstaedt et al ;  Science 1992 



K.L Seley-Radtke et al ; Ant.Res. 2018 

M.K Yates et al ; Ant.Res. 2019 

Currently there are more than 
30 nucleoside/tide analogues 

on the market approved for use 
in treating viruses, cancers, 

parasites, as well as bacterial 
and fungal infections, with 

many more currently in clinical 
and preclinical trials 

A : ddI, TFV ; C : 3TC, FTC; T : AZT, d4T; G : ABC 
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Kd 
kpol 

dNTP ddNTP 

ddNTP ddNTP 

Efficacy of Incorporation (E.I.) : 

Kd 

kpol 

E.I. =  

Nucleotides 
dCTP FTC-TP 

Selectivity 
Fold 

Résistance kpol Kd kpol/Kd kpol Kd kpol/Kd 

s-1 µM s-1 µM-1 s-1 µM s-1 µM-1 

WTa 22,9 30,2 0,760 0,082 1,4 0,060 12,6 -- 

EIddNTP 

EIdNTP 

S =  

J.Y Feng et al ; FASEB.J 1999, 13 : 1511-7 



Matrice Amorce 

P 

N 

Matrice Amorce 

P 

N 

Matrice Amorce 

P 

N 

TI/ADN TI/ADN/dNTP TI/ADN+dNMP+PPi 

Kd 
kpol 

dNTP ddNTP 

dNTP ddNTP 

Efficacité d’incorporation à l’ADN (E.I.) : 

Kd 

kpol 

E.I. =  

M184V 

 Effet Kd  : M184V, Kd  Effet kpol  : K65R, kpol 

3TC, FTC ABC, ddI, TDF, 3TC, FTC 

Résistance aux NUCs par discrimination 

 Mécanisme de résistance par discrimination 



F.Scaglione et al ; Int.J.Ant.Agents 2012  

Cytosine deoxyribonucleoside anti-HIV analogues:  
a small chemical substitution allows relevant activities 

2’,3’-dideoxy- 
3’-thiacytidine  

(3TC; lamivudine) 

The mechanistic role of the sulphur atom in the 3’-position… inducing a longer 
half-life in general leads to greater antiviral activity in vivo 

In the case of FTC, the introduction of a fluorine 
atom in the 5’-position of the cytosine ring may 
increase the lipophilicity of the drug, inducing 

better absorption and a longer plasma and 
intracellular elimination half-life 

2’,3’-dideoxy- 
5-fluoro-3’-
thiacytidine 

(FTC; emtricitabine)  

Moreover, substitution of H 
by F may be the basis for the 

higher incorporation 
efficiency into nucleic acids 

by HIV-1 RT 



Mechanistic studies show that (-)-
FTC-TP is a better inhibitor of HIV-1 
reverse transcriptase than 3TC-TP 

J.Y Feng et al ; FASEB.J 1999 

The (-)-FTC-TP is incorporated almost  
an order of magnitude more 

efficiently than 3TC-TP  

Antiretroviral activity of 
emtricitabine, a potent nucleoside 

reverse transcriptase inhibitor 

Its in vitro potency against HIV is 
generally from four to 10 times 

greater than lamivudine 

D.D Richman ; Ant.Ther. 2001 

FTC 

FTC-TP 

3TC 

3TC-TP 

≈ 39h              ≈ 22h  

≈ 10h                ≈ 6h 

Half-life (hours) 

Pharmacological considerations 
for tenofovir and emtricitabine  

to prevent HIV infection 

P.L Anderson et al ; JAC 2011 

Assessment of the relative potency 
of emtricitabine and lamivudine 

R.F Schinazi et al ; J.AIDS 2003  

…  in average, FTC is 11-fold more 
active against HIV-1 than 3TC 



Structural insights into the recognition of nucleoside reverse transcriptase inhibitors 
by HIV-1 reverse transcriptase: First crystal structures with reverse transcriptase and 

the active triphosphate forms of lamivudine and emtricitabine 

N.Bertoletti et al ; Protein Science 2019 

Overall, the binding mode between (−)FTC-TP and 
(−)3TC-TP is very similar with the minor differences in 

the position of the β and γ phosphate groups  
 

Those differences result in additional 
interactions of (−)FTC with RT especially with K220 

 
The more extensive hydrogen bond network 

between (−)FTC-TP and RT observed in the crystal 
structure is in agreement with the kinetic data that 

show a slightly higher rate of incorporation for 
(−)FTC-TP compared to (−)3TC-TP 

α         β          γ α         β          γ 



3TC            60     High-Level Resistance 

FTC 60     High-Level Resistance 

ABC 15     Low Level Resistance 

TDF          -10    Susceptible 

HIV db version 8.8 (last updated 2019-02-13) 

 M  

 2019  Update of the Drug  
Resistance Mutations in HIV-1 

A.M Wensig et al ; Top.Antivir.Med. July/August 2019 

184  

 V  



Synergie 
 Pharmacologique 

Synergie 
 Virologique 

+ 



K.Borroto-Esoda et al ; Ant.Ther. 2006 

In vitro evaluation of the anti-HIV activity and metabolic interactions of tenofovir and 
emtricitabine 

TFV-DP(pmol/million₵) FTC-TP(pmol/million₵) 

Alone               Combo Alone              Combo 

1.76 +/- 0.15       2.15 +/- 0.13 51.2 +/- 6.9     73.1 +/- 2.5 

Incubation de 10 µm de TFV ou de FTC seuls ou  en 
combinaison sur des cellules puis dosage des 

métabolites actifs (TFV-DP et FTC-TP) après 24h  

Augmentation significative des 
concentrations intracellulaires en 

TFV-DP et en FTC-TP quand ils sont 
utilisés en combinaison 

Combination of Tenofovir and Emtricitabine plus Efavirenz: In Vitro Modulation of ABC 
Transporter and Intracellular Drug Accumulation 

L.Bousquet et al ; AAC 2009 

FTC 

p < 0.0002 

FTC + TFV 

↑ FTC 42.4 % +/- 6.3% 

p < 0.004 

↑ TNF 30.0 % +/- 8.4% 
[TNF] 

₵ [FTC] 
₵ 

Des concentrations plus élevées en métabolites actifs sont retrouvées dans les 
cellules traitées par la double combinaison TFV-FTC  

FTC + TFV FTC 



S.Tuske et al ;  Nat.Struct.Mol.Biol. 2004 

In summary, the combinations of TFV + FTC … showed strong synergy against 
HIV-1 in cell culture. This may be due in part to enhanced DEC or DEC-like 
complex formation of TFV-terminated in the presence of FTC-TP  as well as 

increased levels of the active metabolites TFV-DP and FTC-TP in cell culture 
when the drugs are dosed together 

R.Kulkarni et al ; Ant.Res. 2014 



J.Deval et al ; JBC 2004 

RT dATP Tenofovir-PP 

k pol Kd  EI k pol Kd EI 

WT 50 7.5 6.7 7.0 23 0.3 

M184V 33 18 1.8 6.9 30 0.23 

↔ 
(1,3) 

↓ 
(3,7) 



M184V mutant : 
non favorable 
interactions 

between oxolane 
ring of dATP (polar 
surface, red) and 
methyl group of 
Val-184 (apolar 

surface, blue) are 
represented with a 

red arrow. 

J.Deval et al ; JBC 2004 

RT dATP Tenofovir-PP 

k pol Kd  EI k pol Kd EI 

WT 50 7.5 6.7 7.0 23 0.3 

M184V 33 18 1.8 6.9 30 0.23 

↔ 
(1,3) 

↓ 
(3,7) 

M184 

dATP TFV 

M184V 

dATP TFV 



M184 M184V 



M184 M184V 



Different Evolution of Genotypic Resistance Profiles to Emtricitabine Versus 
Lamivudine in Tenofovir-Containing Regimens 

V.Svicher et al ; J.AIDS 2010 

14% 

40% 
55% 

FTC + TDF (n = 42) 

3TC + TDF (n = 40) 

% de patients M184V lors de l’échec virologique 

3TC  Naifs de TDF 
(n = 270) 

Resistance profiles of emtricitabine and lamivudine in tenofovir-containing regimens 

A.G Marcelin et al ; JAC 2012  

24% 

51% 

11% 
22% 

FTC EFV        3TC EFV           FTC PI/r       3TC PI/r 
     (257)                   (178)                        (278)                 (167) 

TDF + 

p < 0.0001 

p < 0.002 

M184V/I 



Cell free infection 

HIV-1 can disseminate between CD4+ T  lymphocytes either by 
cell-free infection or by cell-to-cell spread at  virological synapses 

(10 to 1000-fold more efficient)  

Cell to cell  infection 



T.Do et al ; J.Virol. 2014 R.A Alvarez et al ; PLoS Pathogen  2014 

L.M Agosto et al ; Trends in Microbiol. 2015 N.Martin et al ; J.Virol. 2010 

… in lymphoid tissues CD4+ T lymphocytes are 
densely-packed and likely to frequently interact  



A.Sigal et al ; Nature 2011 

the large number of viral particles which are transmitted to an 
uninfected target cell during cell-to-cell transfer increases the 

probability that at least one viral particle will stochastically escape 
inhibition by drugs and proceed to infect the cell 

It has been 
proposed that 

cell-to-cell 
spread of HIV-1 
contributes to 

ongoing 
replication 

despite ART 



J. Martinez-Picado and SG. Deeks ; Curr.Opin. HIV AIDS 2016 



 While cell-free spread of HIV may not benefit sufficiently from nucleotide excision 
activity, delivery of large numbers of viruses across virological synapses can overwhelm 
the active concentration of intracellular NRTIs, thus increasing the likelihood of reverse 
transcripts escaping inhibition. This resistance to individual NRTIs can be prevented by 

combining NRTIs, by excision-resistant NRTIs or by mutations in HIV RT 

L.M Agosto et al ; Trends in Microbiol. 2015 



Variations in minimal drug concentrations (Cmin) can occur due to natural variation between 
individuals, drug-drug interactions, food effects, and missed doses 

Optimal adherence to daily oral antiretroviral (ARV) therapy is essential to minimize the 
emergence of drug resistant HIV isolates 

To investigate BIC+FTC+TAF vs DTG+3TC “forgiveness” , in vitro selections for viral breakthrough 
and resistance emergence were conducted under conditions simulating drug exposures modeling 

full adherence and suboptimal adherence to ARV treatment 

J.Shuter; JAC 2008 

Forgiveness of antiretroviral regimens: In vitro HIV-1viral breakthrough with 2-drug versus 
3-drug regimens simulating variable adherence to treatment 

A.Mulato et al ; IAS 2019 TUPEA  103 



Viral Breakthrough Selections: MT-2 
cells HIV-1 (laboratory-adapted IIIb 

strain). Infected cells were cultured in 
the presence of constant, fixed 

concentrations of BIC+FTC+TAF or 
DTG+3TC viral breakthrough by 

cytopathic effect for up to 5 weeks 

Test Drug Concentrations: BIC and 
DTG concentrations were calculated 

using their human plasma clinical 
trough concentrations (Cmin)  

Missed Doses: To simulate 1, 2, or 3 
consecutive missed doses (Cmin minus 
1 dose, Cmin minus 2 doses, and Cmin 
minus 3 doses), drug concentrations 
were adjusted by their plasma half-

lives for BIC and DTG and active 
metabolite half-lives for the NRTIs 

(TAF, FTC, and 3TC) 

Genotypic Analyses: Each well with viral breakthrough was sequenced in batches by next 
generation sequencing 



BIC+FTC+TAF was better at preventing in vitro viral breakthrough at trough drug concentrations seen 
during full adherence and short lapses in drug adherence than DTG+3TC 

 
 At drug concentrations corresponding to full adherence: No viral breakthrough for BIC+FTC+TAF 
(0/48 selections; 0%) compared to significant breakthrough with DTG+3TC (9/48 selections; 19%)  

 
At drug concentrations corresponding to missing 1 or 2 consecutive doses: No viral breakthrough for 

BIC+FTC+TAF (0/72 selections; 0%) compared to significant breakthrough with DTG+3TC (71/72 
selections; 99%) 

  
At drug concentrations corresponding to missing 3 consecutive doses: High rates of viral 

breakthrough for both BIC+FTC+TAF (23/24 selections; 96%) and DTG+3TC (24/24 selections; 100%) 



BIC+FTC+TAF breakthrough viruses had less resistance development than DTG+3TC. 
BIC+FTC+TAF had only one breakthrough with emergent resistance (1/144 

selections; 0.7%) which was M184I in RT 
 

DTG+3TC had 15/144 (10%) breakthroughs with emergent resistance: M184V/I, 
K70R, V75I, V118I, or K219N in RT; L74M, A128T, G140E, P145S, or S153F in IN, and 

one breakthrough with two-class resistance mutations R263K in IN with 
T215A+K219R in RT 

 
 M184I has also been reported by Yoshinaga in other in vitro DTG+3TC two-drug 

resistance selections 
 

These in vitro studies suggest that the combined antiviral activity, synergy, and 
resistance profile provided by BIC+FTC+TAF may be more protective against 

virologic breakthrough and emergent resistance than DTG+3TC  
 

Studies of antiviral forgiveness are important, particularly when used to inform on 
the risk of virologic failure with emergent resistance in the real world where drug 

adherence is difficult to predict and imperfect adherence is common 





T.Yoshinaga et al ; AAC 2019 

Drug Discovery & Disease Research Laboratory1, Global Development27 , Shionogi & Co., Ltd., 8 Osaka, Japan 



T.Yoshinaga et al ; AAC 2019 

Drug Discovery & Disease Research Laboratory1, Global Development27 , Shionogi & Co., Ltd., 8 Osaka, Japan 

Two-drug combinations in vitro, especially 
with DTG, improve the barrier to resistance 

compared with each drug alone. The high 
genetic barrier to resistance of DTG likely 

contributes to this effect 

In the wells containing 3TC and DTG, 
3TC-resistant virus RT: M184I 

emerged on day 57 at 1-fold cEC50s, 
on day 14 or on day 28 at 2-fold 
cEC50s, and on day 28 at 4-fold 

cEC50s. No DTG-resistant viruses 
emerged during the 90-day 

monitoring period. HIV-1 could not 
replicate at more than 4-fold cEC50s.  

 
Even though 3TC-resistant mutants 

emerged in the 3TC-DTG 
combination, the 3TC concentration 

which permitted viral growth and 
resistance was decreased more than 

32-fold in combination with DTG 



Et maintenant ? 



1 INSTI  

1 NNRTI  + 

X, Y, Z  

2 NRTI  + 

J.M Llibre et al ; Lancet 2018 

1 INSTI  

1 NRTI  + 

2 NRTI  + 

1 INSTI  

P.Cahn et al ; Lancet 2019 



P.Cahn et al ; Lancet 2019 

In the pooled analysis of the intention-to-treat-exposed population, 129 (92%) of 
140 participants in the two-drug regimen group with baseline HIV-1 RNA of more than 

100 000 copies per mL achieved virological success compared with 138 (90%) of 153 
in the three-drug regimen group 



P.Cahn et al ; Lancet 2019 

93% vs 79% 

LVdR 2018 



Three percent of PI TT patients, 7.0% of INI TT patients (0.0% of DTG-based 
TT), 21.7% of DTG 2DC patients  presented emergent resistance after failure 

V.Calvez et al ; Glasgow 
2018 P295 

Higher rates of drug resistance selection were observed in patients failing 
a DTG- or PI-containing 2DC comparing to INI- or PI-containing TT. Patients 
on 2DC are switched after failure to more complex regimens, containing 

PIs and higher number of tablets than patients failing TT 



A.Carr et al ; AIDS 2019 

Initial ART efficacy 
continues to 

improve, but more 
than 20% of post- 

2010 patients 
failed over 3 years 
 Real-world efficacy 

is lower than in 
phase 3 trials 

Mean ITT efficacy (RNA <50 copies/ml) was  71.3%, 63.5% and 61.8% at weeks 48, 
96, and 144, respectively  83.8%, 79.9%, and 77.1% for post-2010 studies 

354 groups,181 studies,77 999 participants 

As noted above, the comparison of TDF-FTC and ABC- 3TC favored TDF-FTC at all 
time-points in adjusted analyses 



Et demain,nouveaux Nuc’s ? 



dN 

ddN 

4′-ethynyl-2-fluoro-2′- deoxyadenosine (EFdA; MK-8591) 

These EdN analogs, unlike the existing  approved nucleoside 
reverse transcriptase inhibitors, possess a 3’-OH in their 

sugar moiety; however, they cause viral DNA chain 
termination, resulting in RT inhibition 

E.I Kodama et al ; AAC 2001 



Y.Muftuoglu et al ; Ant.Res. 2014 

C.D Sohl et al ; AAC 2011 

Pol  incorporated EFdA-TP 4.300-fold less efficiently than dATP. This strongly 
indicates EFdA is a poor Pol  substrate, suggesting minimal Pol -mediated toxicity, 

although this should be examined under clinical settings 



E.Michailidis et al ; JBC 2009 



E.Michailidis et al ; JBC 2014 



This activity was due to the 
strong van der Waals 

interactions with critical 
amino acid residues A114, 

Y115, F160, and M184 present 
in the hydrophobic pocket of 
HIV-1 reverse transcriptase 

 F160 is one of the most critical 
amino acids for HIV-1 RT 

activity, and thus the virus does 
not select F160 as a drug-
resistant substitution. This 

strong vdW interaction was not 
reduced or lost even in the 
presence of drug-resistant 
mutations, such as M184V. 

Y.Takamatsu et al ; Cell.Chem.Biol. 2018 



V.H Wu et al ; AAC 2017 

In summary, our findings show that MK-
8591 is highly active against a broad 

range of HIV-2 isolates from ART-naive 
individuals 

The entrance to this 4’ pocket, which is 
formed by residues A114, Y115, M184, 
and the main-chain atoms of D185, is 

slightly larger in the HIV-2 ROD. The size 
and shape of the 4’pocket of HIV-2 RT 

could potentially enhance binding of the 
drug at the active site and/or enable a 

more favorable positioning of the analog 
triphosphate for phosphodiester bond 

formation 

R.A Smith et al ; AAC 2015 



Une histoire extraordinaire 



Back-up 



With combination ART resulting in longer lifespans, ageing patients with HIV are 
confronted by a constellation of interrelated comorbidities and drug–drug interaction 
risks. Regimens comprising two antiretroviral drugs have been proposed to minimise 

cumulative drug exposure and reduce risks for long-term drug-related toxicities 

Treatment guidelines for adults with HIV-1 infection recommend first-line and 
second-line antiretroviral therapy (ART) regimens comprising two nucleoside reverse 

transcriptase inhibitors (NRTIs) plus a third drug 

Standard-of-care first-line therapy for HIV-1 infection in adults naive to antiretroviral 
therapy (ART) is a regimen of three antiretroviral agents that includes two nucleoside 

reverse transcriptase inhibitors and one other drug 

However, concerns exist regarding the toxicities accruing from cumulative exposure to 
drugs that need to be taken for life. Thus, two-drug regimens capable of inducing or 

maintaining virological suppression, or both, while decreasing lifetime cumulative drug 
exposure and potential long-term toxicities would represent another treatment option 

for people living with HIV-1 infect 

J.M Llibre et al ; Lancet 2018 

P.Cahn et al ; Lancet 2019 



J.M Llibre et al ; Lancet 2018 

P.Cahn et al ; Lancet 2019 



C.Orkin et al ; HIV Med. 2018 

 None of these NRTI-reducing strategies has been compared against a single-
pill regimen, including those containing tenofovir alafenamide 

Only strategies demonstrating noninferior efficacy, a benefit in 
safety/tolerability, and a favourable cost-efficacy ratio, preferably in a single 

pill, will eventually match the current SOC of triple ARV therapy 

Whether lower exposure to ART at initiation results in lower levels of long-
term drug toxicity is unknown 

M.A Boyd et al ; HIV Med. 2019 



Switching to 
DTG+3TC fixed dose 
combination (FDC) is 

non-inferior to 
continuing a TAF-

based regimen (TBR) 
in maintaining 

virologic suppression 
through 24 weeks 

(TANGO Study) 

J. Van Wyk et al ; IAS 2019 Abs. WEAB0403LB 

4,0% 0,8% 



M.Radford et al ; AIDS 2019 Sept.1 

This network 
meta-analysis 
demonstrates 

similar efficacy 
and safety 
outcomes 

over 48 weeks with 
DTG+3TC 

compared with 
traditional 3-drug 

antiretroviral 
therapy regimens 



Mean difference (%) in the proportion of (a) all patients, and (b) patients with baseline 
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CD4+ change from baseline at W48 with DTG +3TC vs 3DR  

93% vs 79% P.Cahn et al ; Lancet 2019 


