G. McKenna Small Molecule HIV Treatments Group Meeting

Adult HIV prevalence (15-49 years), 2015
By WHO region
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—Glycosylation

]env-Gchoprotein Complex

The HIV Life Cycle

HIV medicines in six drug classes stop @ HIV at different stages in the HIV life cycle.

Proteins of Host Cell

Lipid Membrane
Matrix Protein

o Binding (also called Attachment): HIV binds
(attaches itself) to receptors on the surface of a CD4 cell

& ccrs Antagonist

e Fusion: The HIV envelope and the CD4 cell membrane Capsid

fuse (join together), which allows HIV to enter the CD4 cell,

@ Fusion inhibitors

Viral RNA Genome

Reverse Transcription: inside the CD4 cell, HIV releases and uses
reverse transcriptase (an HIV enzyme) to convert its genetic
material—HIV RNA—into HIV DNA. The conversion of HIV RNA to HIV DNA
allows HIV to enter the CD4 cell nucleus and combine with the cell’s genetic
material—cell DNA.

S N reverse (NNRTIs)

<

(NRTIS) Integrase  Reverse
Transcriptase

5 Replication: Once integrated into the CD4 cell DNA, HIV begins to
use the machinery of the CD4 cell to make long chains of HIV proteins.,
The protein chains are the building blocks for more HIV.

E proteins and HIV RNA
move to the surface of the cell

and assemble into immature
(noninfectious) HIV.

Integration: Inside the
CD4 cell nucleus, HIV
releases integrase (an HIV
enzyme). HIV uses integrase
to insert (integrate) its viral
DNA into the DNA of the
CDA4 cell.

@ Integrase inhibitors

Protease

Assembly: New HIV

CD4 cell DNA

ddi Newly formed f
HIV pushes itself out of the host CD4 cell. The new
HIV releases (an HIV acts to

break up the long protein chains that form the immature
virus. The smaller HIV proteins combine to form mature
(infectious) HIV.

& Protease inhibitors (Pls)

https://aidsinfo.nih.gov/education-materials/fact-sheets/19/73/the-hiv-life-cycle; https://en.wikipedia.org/wiki/HIV; http://www.medicaldaily.com/how-hiv-attacks-body-
and-progresses-aids-321250
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FDA Approval of HIV Medicines

1981
First AIDS cases reported in United States

1987
Zidovudine (NRTI)

1991 1992 1994
Didanosine (NRTI) Zalcitabine (NRTI) Stavudine (NRTI)
1995 1996 19 1998 -
Lamivudine (NRTI) l!uhnfw" (P1) co".‘b',v" (FDQ) Abacavir (NRTI) .
Saquinavir (P1) New.raplneA(NNRTI) Delavnrdmev(NNRTl) Efavirenz (NNRTI) Amprenavir (Pl)
Ritonavir (Pl) Nelfinavir (PI)
aoo8 PRt 8 2004
Didanosine EC (NRTI) 2001 azanavir (Pl) :
) Emtricitabine (NRTI) Epzicom (FDC)
Kaletra (FDC) Tenofovir DF (NRTI) W
i Enfuvirtide (FI) Truvada (FDC)
Trizivir (FDC) .
Fosamprenavir (Pl)
2005 At:p%(::,q Marza?ir:Z(El) 2008
Tipranavir (PI) Darunavir (Pl) Raltegravir (INSTI) Etravirine (NNRTI)
20m 2014
Complera (FDC) 2012 2013 Cobicistat (PE)
Nevirapine XR (NNRTI) Stribild (FDC) Dolutegravir (INSTI)  Elvitegravir (INSTI)
Rilpivirine (NNRTI) Triumeq (FDC)
2015
Evotaz (FDC) 2016
Descovy (FDC)
Genvoya (FDC) Odef EDC
Prezcobix (FDC) aisey (FDG)

Drug Class Abbreviations:
El: Entry Inhibitor; FDC: Fixed-Dose Combmatlon Fl: Fusion Inhibitor; INSTI: lntegrase Inhibitor; NNRTI: Non-Nucleoside

Reverse Transcriptase Inhibitor; NRTI: Nucleoside Reverse Transcriptase Inhibitor; PE: Pharmacokinetic Enhancer;
Pl: Protease Inhibitor

) ) . ?‘
Note: Drugs in gray are no longer recommended for use in the United States by the HHS HIV/AIDS AlDSmfo

medical practice guidelines.

https://aidsinfo.nih.gov/education-materials/fact-sheets/21/58/fda-approved-hiv-medicines
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V1-V2 stem

Inner domain

Integrase - gp120 Fusion

https://cdn.rcsb.org/pdb101/motm/tiff/33-ReverseTranscriptase-2hmi-label.tif; https://en.wikipedia.org/wiki/HIV-1_protease; https://en.wikipedia.org/wiki/CCR5;
http://www.nature.com/nature/journal/v433/n7028/fig_tab/nature03327_F2.html; http://medicalxpress.com/news/2010-01-hiv-key-puzzle-years-video.html
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Reverse Transcriptase Inhibitors
* Nucleoside (NRTIs)
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Zidovudine (AZT)

» Non-Nucleoside (NNRTIs)
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Efavirenz (EFV) Nevirapine (NVP)

Protease Inhibitors (Pl) -
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Saquinavir (SQV)

https://aidsinfo.nih.gov/education-materials/fact-sheets/21/58/fda-

approved-hiv-medicines

CCRS5 Antagonists (Entry Inhibitors)

F

Maraviroc (MVC)

Fusion Inhibitors
Ac-Tyr-Thr-Ser-Leu-lle-His-Ser-GIn-Asn-Gin-
GIn-Glu-Lys-Asn-Glu-GIn-Glu-Leu-Leu-Glu-
Leu-Asp-Lys-Trp-Ala-Ser-Leu-Trp-Asn-Trp-
Phe-NH,

Enfuvirtide (T-20)

Integrase Strand Transfer Inhibitors
(INSTIs)
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Dolutegravir (DTG)
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<> Lifecycle is as short as 1.5 days <- Combinations contain up to 4 API
molecules.

< Virus lacks proofreading enzymes
< 1997-2004 GSK leader in approvals.

< High mutation rate leads to high 2004-Present Gilead leader in
resistance rate approvals.

< First fixed-dose combination < Until 2006 all FDCs contained single
approved in 1997. 14 FDA approvals drug class (ex: only NRTIs)
to date -

(Invirase) | | First NNRTI
launched | | (Viramune)

2.000 l launched

|

£ 1500 First NRTI First I
k3 (Retrovir) Il‘r:pact (Fuzeocn)
'g 000 » launched of HAART 7 launched |
@
|
T 500
1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 006
T First NRTI+NRTI First NRTI+NRTI+
HIV combination NNRTI combination
discovered (Combivir) launched {Atripla) launched

Nature Reviews | D
Nature Reviews Drug Discovery 6, 951-952 (December 2007); Nature Reviews Drug Discovery 6, 1001-1018 (December 2007)
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< Oldest drug class (first approval Nucleotides o e g8 NRTI
1987) ® Ce0 o © & o ¢
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< 7 single d s to dat . st o e’
single drug approvals to date e N . "
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Tenofovir Diisopropoxyl Fumarate (TDF)

http://images.slideplayer.com/28/9328448/slides/slide_9.jpg
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< 4 single drug approvals to date

< NNRTIs binds secondary site in
the reverse transcriptase

FsC //> Drug-sensitive virus

o)

R /

Efavirenz (EFV)

A
I NNRTI
N N:?} binding
4. >

Reverse
transcriptase

Cl

Drug-sensitive virus
Nevirapine (NVP)

2

HCI\L/\(

Rilpivirine (RPV)

http://depts.washington.edu/hivaids/images/arvres/arvres_c3_d01.png
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Tet. Lett,

, 36,8937, J. Am. Chem. Soc.,

, 120, 2028; Org. Pross. Res. Dev. , 7 324.
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Table 1. Asymmetric Addition of Lithium Cyclopropylacetylide 3a to Ketones 2a/2b in the Presence of Chiral Ligand 4b

ketone conversion® % (S)-isomer”
(equiv in CPA (3b) n-hexyllithium ligand 4b %, first cycle first cycle
entry each cycle) (equiv) (5) (equiv) (equiv) (overall) (overall)
1 2a (1) 2.15 44 23 >98 >08
2 2b (1) 2.15 44 23 >98 94
3 2a (1) 1.07 2.15 1.15 50 >08
4 2a(1+05) 22 48 +1 26 92.7 (87) 994 (97.4)
5 2a(1 +04) 2.3 44 +1 2.1 97 (91) (97.8)
6 2a(1+03) 2.36 444 +1.07 23 >99 (100) 99 (99.03)
7 2a(1+1) 2.1+1.05 44+ 105 23 >99 (73) 99 (96.9)
8 2a(1+1) 21+1.05 44+15 23 98 (91) 97.9 (96)
9 2a(1+ ]) 3.33¢ 433+2 23 >99 (99.0) 98.14
10 2a(1+1+1) 22+1+1 48+2+2 2.65 >96 94¢
11 2a(1+1+1+1) 22+1+1+1 48+2+2+2 2.65 >95 90.8

Org. Pross. Res. Dev. 2003, 7 324.
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< Largest class of single drug inhibitors

< 8 single drug approvals to date

Saquinavir (SQV)
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Darunavir (DRV) https://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/enzymes/GetPage.pl?ec_number=3.4.23.16
PNAS, 2016, 109, 20449.
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< Only one single drug
approved.

< FDA approval 2007.

< Only treatment which

targets host cells rather

than HIV enzymes.

@ N [
HIV enters host cells through the interaction of

CD4 receptor and a coreceptor, either CCR5 or
CXCR4. The HIV envelope glycoprotein unit
consists of 3 gp120-gp41 heterodimers.

W ~
After binding to CD4, the HIV envelope
i goes a conformatlonal

HIV envelope glycoproteins with the host cell g

Envelope
Glycoproteins
Lok ¢a Lywm
A Y & J ; J

~

Once bound to both CD4 and the corecep-
tor, the HIV envelope glycoprotein undergoes

As a result of several such interactions
between the HIV envelope and host cell CD4

a second conformtlonal change that allows Each of the 3 gp41 molecules folds receptors and CCR5 or CXCR4 coreceptors,
ion of S upon itself formmg 3 the viral membrane and host cell membrane
; fuse, and contents of the virion enter the
host cell.

Maraviroc (MVC)

JAMA. 2006;296(7):815-826.
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Org. Proc. Res. Dev. ,12,1104.; Org. Proc. Res. Dev. , 12, 1094.
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enzymatic resolution
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<> Single drug approved,

< FDA approval 2003.

NH2

Enfuviritide. :
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options available.

< Used as salvage therapy in S .
combination with other ) "
treatments for multidrug B oo — e s
resistant strains of HIV. - o
v
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Puddingofnewviruspaticles I Fusion No fusion
Nature Reviews | Drug Discovery

Nature Reviews Drug Discovery 2, 345-346 (May 2003); http://www.chemicalbook.com/ChemicalProductProperty EN_CB7358557.htm
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<> Newest class of single drug
treatment. First approval 2007.

Preintegration complex

<> 3 FDA approvals to date.
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Dolutegravir (DTG)

OH Me

l, Integrase Inhibitors

“r Me . block the strand transfer
MeO N Uy D » of HIV cDNA to
Cl Bk

F (@] (0]
Elvitegravir (EVG)

The PRN Notebook, 2008, 13, 1-9.
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Org. Proc. Res. Dev., , 20, 1461-1468.
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0 57% overall yield ()
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< Approved 2014. Developed by
Gilead.

< Inhibits liver enzyme CY3PA,
which is responsible for the
metabolism of several HIV
treatments.

< Taken in combination with HAART
to minimize loss of drug efficacy.

https://en.wikipedia.org/wiki/Cobicistat

Cobicistat
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< 4 or 8 week dosing trials for w i F 1 dj

cabotegravir/rilpivirine in Phase |l Caboteg,av,, N

triaIS. Rilpivirine
< BMS has 2 single drug treatments in o
clinical trials with new mechanisms of Me//[., NN
action. | = K/N 0 OH
<~ Attachment inhibitors NS o
< Maturation inhibitors MeO—/ =
\N/ N\/iN

<> Monoclonal Antibodies entering o
Phase Il trials for HIV treatment.

BMS-955176

BMS-663068 (Fostemsavir)

https://www.poz.com/article/hiv-treatment-pipeline



