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1905 sequences analyzed  from InSTI GRT, representing 1764 patients in 39 states; 1168 (66%) had paired pol 
sequences. The number of tests increased over time, from 73 in 2009 to 1097 in 2011 

Hurt CB, Sebastian J, Hicks CB, Eron JJ. Clin Infect Dis. 2014 

One out of five US patients tested (N=1,764) during the first 3 years of InSTI GRT 
availability harbored at least one “major” InSTI resistance mutation



French National Survey of Resistance to 
Integrase Inhibitors Shows High Differences of 
Resistance Selection Rate in Case of Virological 

Failure in a Context of Routine Hospital Care 
(ANRS AC11 Virology Network)

Anne-Genevieve Marcelin,1 Maxime Grude,2 Charlotte Charpentier,3 Pantxika Bellcave,4

Audrey Rodallec,5 Coralie Pallier,6 Stephanie Raymond,7 Audrey Mirand,8 Laurence Bocket,9 Laurence Morand-
Joubert,10 Constance Delaugerre,11 Brigitte Montes,12 Helene Jeulin,13

Thomas Mourez,14 Samira Fafi-Kremer,15 Corrine Amiel,16 Catherine Roussel,17 Julia Dina,18

Marie-Anne Trabaud,19 Helene Le Guillou-Guillemette,20 Sophie Valet,21 Anne Signori-Schmuck,22 Anne 
Maillard,23 Anne Krivine,24 Philippe Flandre,2 Diane Descamps,3 Vincent Calvez1

1Virology, Pitie-Salpetriere Hospital, Paris, France; 2Inserm U1136, Pitie-Salpetriere Hospital, Paris, France; 3Virology, Bichat Hospital, Paris, France; 
4Virology, Bordeaux Hospital, Bordeaux, France; 5Virology, Nantes Hospital, Nantes, France; 6Virology, Paul Brousse Hospital, Paris, France; 7Virology, 

Toulouse Hospital, Paris, France; 8Virology, Clermont-Ferrand Hospital, Clermond-Ferrand, France; 9Virology, Lille Hospital, Lille, France; 10Virology, Saint 
Antoine, Paris, France; 11Virology, Saint Louis Hospital, Paris, France; 12Virology, Montpellier Hospital, Paris, France; 13Virology, Nancy Hospital, Nancy, 

France; 14Virology, Rouen Hospital, Rouen, France; 15Virology, Strasbourg Hospital, Strasbourg, France; 16Virology, Tenon Hospital, Paris, France; 17Virology, 
Amiens Hospital, Amiens, France; 18Virology, Caen Hospital, Caen, France; 19Virology, Lyon Hospital, Lyon, France; 20Virology, Angers, Angers, France; 

21Virology, Brest Hospital, Brest, France; 22Virology, Grenoble Hospital, Grenoble, France; 23Virology, Rennes Hospital, Rennes, France; 24Virology, Cochin 
Hospital, Paris, France

Marcelin et al. HIV Glasgow 2016; Glasgow, UK. Slides O332.



ARV Treatment Associated to INI (n=439)

Adapted from Marcelin et al. HIV Glasgow 2016; Glasgow, UK. Slides O332.

Objectives:
To characterize resistance patterns in case of virological failure to INI-
based regimen from the ANRS network

Inclusion criteria:
HIV +, failing an INI-based regimen (RAL, EVG, DTG)
VF confirmed if 2 consecutive pVL ≥ 50 cp/ml (01/01/2014 – 31/12/2017)



Patients Treated by DTG as 
First INI (n=41; cont)

Marcelin et al. HIV Glasgow 2016; Glasgow, UK. Slides O332.



Resistance to INI DTG_BID DTG_QD RAL EVG

Resistance (%) 0 0 0 2* (5%)

Possible resistance (%) 2* (5%) 2* (5%) NA NA

Susceptible (%) 39 (95%) 39 (95%) 41 (100%) 39 (95%)

*2 patients with only one E157Q mutation.

Patients Treated by DTG as
First INI (n=41; cont)

Marcelin et al. HIV Glasgow 2016; Glasgow, UK. Slides O332.
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HIV Research for Prevention (HIVR4P 2016), October 17-19, 2016, Chicago. Abstract OA03.04.



RESISTANCE EMERGENCE IN MACAQUES ADMINISTERED 
CABOTEGRAVIR LA DURING ACUTE INFECTION
Gerardo Garcia-Lerma



Bictegravir (GS-9883)

• INSTI

• Two phase III trials of FDC containing GS-
9883/F/TAF compared with dolutegravir-based
regimens

• No booster required

• STR with TAF/FTC

ASM, Boston June 2016: Poster 413; 415; 416; 417. 



• BIC is a novel, potent INSTI with a high barrier to resistance and a favorable PK profile                         
(longest plasma T1/2 with dose-proportional PK, and fewer DDIs)

• Active against HIV-1 and HIV-2

DDIs, drug-drug interactions; IC, inhibitory concentration; IN, integrase; OCT-2, organic cation transporter-2; PK, pharmacokinetic; T1/2, half-life; WT, wild type.  

 Metal-chelating core 
 2,4,6-trifluorophenyl ring
 [3.2.1] oxaza bridging 

bicyclic side chain

Bictegravir

RAL EVG DTG

Human Plasma Half-Life 9 hours 8.7 hours 14 hours

G140S/Q148H Mean Fold Change vs WT >143 >150 7.6

WT IN-DNA Dissociation Half-life, hours 5.2 1.5 16 

G140S/Q148H IN-DNA Dissociation Half-life, hours -- -- 0.65

OCT-2 IC50 -- -- 0.13 µM

• BIC demonstrates
 Preserved antiviral activity against multiple integrase mutants including G140/Q148 
 Minimal impact on estimated creatinine clearance

1. Gallant J, et al. ASM 2016. Boston, MA. Poster #415. 2. Isentress US Prescrbing Information. Merck & Co. February 2015   3. Lazerwith SE, et al. ASM 2016. Boston, 
MA. Poster #414.  4. Tivicay US Prescribing Information, ViiV Healthcare. June 2016.  5. Tsiang M, et al., AAC 2016;60:7086-7097 6. Vitekta US Prescribing 
Information, Gilead Sciences. June 2015.  7. White K, et al. CROI 2017. Seattle, WA. Poster 0893.  8. Zhang H, et al. CROI 2017. Seattle, WA. Oral 0860. 
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In vitro resistance selection by
EVG, DTG, BIC

Tsiang, AAC 2016, Sept 19



Tsiang, AAC 2016, Sept 19



Tempo di dissociazione di BIC nel virus WT

Kirsten White et al. CROI 2017 Feb 14-16 Seattle, WA



Tempo di dissociazione di BIC nel virus mutato

Kirsten White et al. CROI 2017 Feb 14-16 Seattle, WA



Injectable long-acting: phase 3 studies now 
planned using 4-weekly injections

Margolis IAS 2016 #THAB0206LB



Hickey MB et al. Curr Opin Infect Dis. 2015



• GS-CA1 inhibits HIV capsid function, resulting in aberrant core 
assembly/disassembly via multiple steps in HIV replication cycle

HIV Capsid Acts at Multiple Stages in the Viral Life Cycle
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• GS-CA1 inhibits HIV capsid function, resulting in aberrant core 
assembly/disassembly via multiple steps in HIV replication cycle

• For a full single round of replication the EC50 is 85 pM

HIV Capsid Acts at Multiple Stages in the Viral Life Cycle

Target Cell Infection
EC50 = 53 pM

Infectious Virus Production
EC50 = 240 pM

Tse W, et al. CROI 2017. Seattle, WA. Oral #38.
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GS-CA1 Pharmacokinetics in Rats Extended Release Formulation

 Single subcutaneous injection maintains plasma concentrations well above paEC95 for 
>10 weeks in rats

 Potential for a monthly dosing interval or longer in humans

paEC95 = 11 nM

1 2 3 4 5 6 7 8 9 100

P
la

sm
a 

C
o

n
ce

n
tr

at
io

n
, n

M

Weeks

9x above paEC95

GS-CA1: Novel HIV Capsid Inhibitor with Long-Acting Potential

Tse W, et al. CROI 2017. Seattle, WA. Oral #38.
paEC95, plasma-binding-adjusted effective concentration required to inhibit replication by 95%



GS-9131: A Novel NtRTI with a Broad 
Resistance Profile

• GS-9131 is a prodrug of the novel NtRTI GS-9148 that is phosphorylated and 
inhibits HIV-1 reverse transcription by chain termination1

• GS-9131 has low potential for mitochondrial toxicity and renal accumulation2

• GS-9131 has broad in vitro activity against HIV-1 and HIV-21

1. Cihlar T, et al. AAC 2008;52(2):655-665
2. Cihlar T, et al. AAC 2009;53(1):150-156

White K, et al. CROI 2017. Seattle, WA. Poster #436



NRTI Mutation
Susceptibility of HIV-1 to ARVs (Fold-change vs WT)

GS-9131 GS-9148 TFV FTC ABC ddI ZDV d4T

K65R 0.56 0.66 1.98 8.22 2.46 1.87 0.23 1.22

M184V 0.31 0.43 0.47 >110 2.82 1.29 0.19 0.61

L74V 0.61 0.66 0.57 1.30 1.93 1.34 0.22 0.86

L74I 0.67 0.75 0.82 0.92 1.13 0.90 0.40 0.74

K65R+M184V 0.40 0.42 1.20 >110 7.72 3.16 0.17 0.85

K70E+M184V 0.28 0.31 0.58 >110 6.19 1.52 0.10 0.60

L74V+M184V 0.40 0.38 0.35 >110 6.41 2.35 0.12 0.73

4-TAM (4Y) 0.68 0.69 1.69 3.60 2.15 1.05 9.85 1.51

4-TAM (4F) 0.73 0.83 1.36 3.88 1.57 0.96 9.60 1.38

4-TAM (4Y)+M184V 0.41 0.45 0.85 >110 4.66 1.35 1.91 1.35

6 TAMs 1.50 1.65 4.2 5.70 4.70 1.86 379 3.20

6TAMs+M184V 0.75 0.85 2.07 >110 9.60 1.96 32 2.54

T69-insertion+4TAMs 1.11 1.39 5.70 7.68 5.59 3.1 >664 3.57

Q151M 0.97 0.89 0.78 1.40 3.59 3.99 1.97 3.20

Q151M Complex 3.79 3.79 1.53 4.67 6.96 8.22 46 10

Q151M Complex+M184V 0.88 0.96 1.24 >110 >35 13 88 7.06

Color coding uses Monogram PhenoSenseGT cut-offs, with GS-9131 and its prodrug GS-9148 

arbitrarily set at 2.5-fold.

Susceptibility of HIV-1 with NRTI Resistance to 
GS-9131

GS-9131 exhibited potent activity against HIV-1 with most patterns of NRTI resistance

White K, et al. CROI 2017. Seattle, WA. Poster #436



EFdA is a nucleoside reverse 
transcriptase translocation inhibitor 
(NRTTI). It is highly active against 
HIV-1 in culture, with EC50 values in 
the low nanomolar to picomolar 
range and negligible cytotoxicity



Grobler,  CROI 2017



GS-PI1:

 A novel, potent HIV PI

 Has an improved resistance profile, with high activity against DRV and ATV 
resistance associated mutations

 Prevents viral breakthrough in vitro at inhibitory quotient of  1

 Has long PK t1/2 in rat and dog 

– 14 hours compared to 0.4 and 1 hour for DRV and ATV, respectively

 Is highly metabolically stable in human liver microsomes

 Has the potential for unboosted QD dosing

Novel HIV PI With High Resistance Barrier and Potential for 
Unboosted QD Oral Dosing

Link J, et al. CROI 2017. Seattle, WA. Poster #433

Represents a new generation of HIV PIs with potential for combination 

in an unboosted single-tablet regimen for HIV treatment



GS-PI1 Is a Novel Potent PI with a High Barrier to Resistance

 GS-PI1 does not show breakthrough at IQ of 

1 in MT2 cells  over 32 days

GS-PI1 DRV ATV

EC50, nM 6.8 7.2 9.7

EC95, nM 11.4 19.9 25

Protein adjusted EC95, nM 353 42 75
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 EFV and RPV breakthrough at their clinical IQ; 

ATV does not

Link J, et al. CROI 2017. Seattle, WA. Poster #433



GS-PI1: Fold Change vs Wild Type for Clinically Relevant RAMs

Mutant Virus

GS-PI1 has an improved resistance profile, 
with high activity against most DRV and ATV RAMs

Link J, et al. CROI 2017. Seattle, WA. Poster #433



CURE
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Killing Strategies

Therapeutic vaccines 

Anti-Env antibodies 

Anti-PD-L1

TLR7 agonists  

KICK 

Activate expression of HIV

KILL

Kills cells expressing HIV proteins

Latency Reversal Agents 

HDACis 

PKC agonists

TLR7 agonists

“Kick and Kill” Strategy to Eliminate Reservoirs of Latent HIV



 TLR are primarily expressed on plasmacytoid dendritic cells (DC) and B cells

 Part of the innate immune system linked to adaptive immunity

 TLR7 activation leads to increased antigen presentation, enhanced NK and CD8+ T cell 
activation (KILL), activation of CD4+ T cells

 Phase 1b study ongoing in HIV infected ART-suppressed adults to assess GS-9620 safety 
and effects on the HIV reservoir

• ↑ CD69 on T cells, HIV-specific polyfunctional CD8s, 
CD8-mediated caspase induction in targets

• ↑ HIV production from latently infected cells

• ↑ Antibody-mediated clearance of HIV-infected cells

Vesatolimod (GS-9620): A Potent and Selective Toll-like Receptor 7 
(TLR7) Agonist

Irrinki A, et al. CROI 2017. Seattle, WA. Oral #118

 GS-9620 is 30-fold selective for TLR7 over TLR8 

 GS-9620 stimulates immunity to HIV through 
plasmacytoid DC production of type I IFNs

IFN, interferon; NK, natural killer



• After ART discontinuation SIV+ ART-suppressed macaques* had 
• Lower viral set-point after rebound 

• Induce durable long-term remission (2/9;       )

Virologic Outcomes in Rhesus Macaques treated with 
TLR7 Agonists GS-986 and GS-9620

Control, n=2 GS-986 (0.1 mg/kg), n=3

GS-9620 (0.05 mg/kg),n=3 GS-9620 (0.15 mg/kg), n=3
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Evaluation of TLR7 agonists GS-986 and GS-9620 in SIV+ Rhesus macaques (N=11)

Lim SY, et al. CROI 2017. Seattle, WA. Poster #338LB



In vivo experiments indicate that 2 Rhesus macaques 
are in remission due to TLR7 agonist treatment

Lim S-Y, et al. CROI 2017. Seattle, WA. Poster #338LB

Comparison of SIV+ Rhesus macaques with viremia (n=7) and the 2 aviremic macaques
after administration of TLR7 agonists GS-986 and GS-9620 and ART discontinuation

In Vivo Evidence for TLR-7 Agonist-Mediated SIV Remission 

Adoptive Transfer: Infusion of Cells from 
Aviremic to Naïve Macaques

• Only mononuclear cells from pre-TLR-7 
agonist treatment could infect naïve macaques

• Cells isolated 448 days after ART 
discontinuation (post-TLR-7 agonist treatment) 
did not induce SIV infection in naïve macaques 

In Vivo CD8 Depletion
• Viremic macaques experienced rebound
• Both aviremic macaques did not have SIV 

RNA rebound

Viremic Aviremic

In Vitro Viral Outgrowth & Co-culture
• No recovery of replication competent virus 

from PBMCs & no infectivity demonstrated



HIV-1 discovered

ZDV monotherapy
ZDV/3TC

Triple Drug Therapy

Single Tablet Regimens

Integrase Era

Long Acting Injectable?

??
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Antiretroviral Therapy: The Future

Slide courtesy of Joe Eron, MD




