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THERAPEUTIC VACCINES (TV) & OTHER
IMMUNE INTERVENTIONS (IBT) IN HIV
INFECTION: 2013

o

1. Where are we with ART

2. Untreated patients. TV/IBT to control productive HIV
replication or restore CD4’s

3. TV/IBT in virologically suppressed patients with chronic
HIV infection

4. TV to reduce the size of the reservoirs and/or to control
already depleted reservoirs

5. Final considerations
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INFECTION: 2013

. Where are we with ART

. Untreated patients. TV/IBT to control productive HIV
replication or restore CD4’s

. TV/IBT in virologically suppressed patients with chronic
HIV infection

. TV to reduce the size of the reservoirs and/or to control
already depleted reservoirs

. Final considerations



THERAPEUTIC VACCINES (TV) & OTHER
IMMUNE INTERVENTIONS (IBT) IN HIV
INFECTION: 2013

2. Untreated patients. TV/IBT to control productive HIV
replication or restore CD4’s

Biological model:
Capacity of the immune system (HIV-specific CTL s
and T-helper cells) to partially control viral
replication in HIV natural infection and establishing a
viral set point lower than peak viremia

Potential objectives:
Replace ART

Partially replace ART (less drugs)
Delay ART
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Pasive transfer of Abs

Autologous dendritic cells based vaccines pulsed with
inactivated (AT2, heat) autologous virus
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Figure 2 Comparison of virus rebound in acutely infected subjects with and
without passive immunization. (a) Control group of subjects with acute HIV
infection undergoing treatment interruption: viral load profiles of 12 subjects
who initiated ART during acute infection and subsequently underwent
treatment interruption without receiving antibody treatment are shown.

Viral load is the log HIV RNA copies/ml in plasma. The dotted line indicates
the detection limit. (b) Time until rebound of viremia (first time viral load
detectable at >10 RNA copies/ml, increase over day O value) was determined
in the control group and in acutely infected subjects who received passive
immunization. The fraction of subjects without rebound at a given time point
was compared using Kaplan-Meier curves and log rank test. One data point
(subject NAB14, week 24) was censored because rebound had not occurred
in this patient.

(data not shown). Overall, plasma levels of 2G12 were significantly
higher than those of 2F5 or 4E10 (Dunn multiple comparison test,
P<0.001 and P < 0.01, respectively). Of note, plasma concentrations
of 2G12 and the sensitivity of the subjects’ pretrial isolates to inhibi-
tion by 2G12 were higher amongst responders, whereas no significant
difference in these parameters was found for 2F5 and 4E10 (Fig. 4c,d).
To estimate what range of antibody concentrations are required to



Therapeutic
dendritic-cell
vaccine for chronic
HIV-1 infection
Weli Lu, Luiz Claudio
Arraes, Wylla Tatiana

Ferreira & Jean-Marie
Andrieu
Nature Medicine 10,
1359 - 1365 (2004)
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Attherapeuticidendriticicell=hased vaceine o HIVEInTection:
Garcia F et al J Infect Dis 2011;203:473-8
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VIRAL LOAD RESPONSES
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THERAPEUTIC VACCINES (TV) & OTHER
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. Where are we with ART

. Untreated patients. TV/IBT to control productive HIV
replication or restore CD4’s

. TV/IBT in virologically suppressed patients with chronic
HIV infection

. TV to reduce the size of the reservoirs and/or to control
already depleted reservoirs

. Final considerations



THERAPEUTIC VACCINES (TV) & OTHER
IMMUNE INTERVENTIONS (IBT) IN HIV
INFECTION: 2013

2. TV/IBT in virologically suppressed patients with chronic
HIV infection

Biological model:
Many infectious diseases (TB, Toxo, H Zoster ..)
HIV elite controllers

Potential objective:
Plasma VL BLQ without life long ART (functional cure)
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Figure 2. Kaplan—Meier Estimates ofthe Effect of Zoster Vaccine on the Cumulative Incidence of Postherpetic Meuralgia (Panel A) and Herpes
Zoster (Panel B) in the Modified Intention-to-Treat Population.
Incidence rates of postherpetic neuralgia (PHM) and herpes zoster (HZ) were significantly lower in the vaccine group than in the placebo

group (P<0.001, by a stratified log-rank test that pooled the results ofthe log-rank test from the two age groups). Cumulative incidence, ex-
pressed as a percentage of the subjects at risk, is the probability of the develepment of the disease during the period fram 30 days after vac-

cination to the follow-up time.
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Viral vectors based vaccines (poxviruses, adenoviruses, ....)

Replicative viral vectors based vaccines (herpesviruses .....)

Autologous dendritic cells based vaccines pulsed with .......

Other modalities (proteins, peptides) / combinations

Pasive transfer of nAbs




Greater viral rebound and reduced time to resume
antiretroviral therapy after therapeutic immunization
AIDS 2008 with the ALVAC-HIV vaccine (vCP1452)
/

Brigitte Autran™"™<, Robert L. Murphy®°f Dominique Costagliola
Roland Tubianav'¢3, Bonaventura Clotet", Jose Gatelli,
Schlomo Staszewskil, Norma Wlnckerk, Lambert Assoumou®
Raphaelle EI—Hablbl Vincent Calvez"™", Bruce Walker®

Christine I'(atlamad":’g and the ORVACS Study Group

d,e, g
»

(a)

5.9 1
Threse ALVAC injections Four ALVAC injections Placabo
B . —— - ." -

Immunization Endpoint Stud

Arm A vCP1452 I o encly =

four injections Vi Ve \3 V4 %

Am B vCP1452 o

three injections =

Arm C placebo !

four (C1) or s

three (C2) inject. %

Randomization AmACl DO W4 W8 W20 W24 W48 o
22 patientsﬁarm B, C2 W4 WB W20 W24 W48 @
o

Off HAART

m

24 28 32 36 40 44 48 56 64 72 BO BB 96
Week after-baseline



Safety, Immunogenicity and Dynamics of Viral
Load Rebound After cART Interruption
iIn Chronic HIV Infected Patients Receiving MVA-B
Vaccination

Beatriz Mothel, Nuria Climent2, Montserrat Plana2, Miriam Rosas1, José Luis
Jimeénez3, Maria Angeles Mufioz-Fernandez3, Judit Pich2, Joan Albert Arnaiz2,
Jose M Gatell2, Bonaventura Clotetl, Mariano Esteban4, Juan Carlos Lépez
Bernaldo de Quiros3, Felipe Garciazsan((:jl Christian Branderl for the RISVAC-03
tudy.

1. Irsicaixa-HIVACAT, Hospital Germans Trias i Pujol, Badalona, Spain
2. Hospital Clinic-HIVACAT, IDIBAPS, University of Barcelona, Spain
3. Hospital Gregorio Marafién, Madrid. Spain
4. Centro Nacional de Biotecnologia, Madrid. Spain
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ATIDS Clinical Trials Group 5197: A Placebo-

JID, 2010 <Controlled Trial of Immunization of HIV-1—Infected
Persons with a Replication-Deficient Adenovirus
Type 5 Vaccine Expressing the HIV-1 Core Protein

Rohert T. Schooley," John Spritzler,® Hongying Wang,* Michael M. Lederman,” Diane Havlir,? Daniel R. Kuritzkes,®
Richard Pollard,? Cathy Battaglia,” Michael Robertson.? Devan Mehrotra.,® Danilo Casimiro.* Kara Cox.,®
Barbara Schock,” and the AIDS Clinical Trials Group 5197 Study Team
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LETTER

Profound early control of highly pathogenic SIV by
an effector memory T—cell vaccine

Scott G. Hansen', Julia C. Ford', Matthew S. Lewis', Abigail B. Ventura', Colette M. Hughes', Lia Coyne-Johnson', Nathan Whizin',
Kelli Oswald?, Rebecca Shoemalker?, Tonva Swanson', Alfred WW. Legassel_, Maria J. Chiuc:hiq103, Christopher L. Parks”®,
Michael K. Axthelm', Jay A. Nelson', Michael A. Jarvis', Michael Piatak Jr°, Jeffrey D. Lifson” & Louis J. Picker'’

doi: LO. 1028 nature L0003
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DCs have a central role in HIV infection.

the initial contact of HIV-1 with DCs can result in
opposite outcomes:

‘@ beneficial in inducing
; L J /' 7S strong HIV-specific T-
B @® cell responses

. &
) J

( /

deleterious in promoting the dissemination of HIV-1
and/or immunotolerance
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Steinman RM & Nussenzweig MC. Proc.
Natl. Acad. Sci. USA. 2002; 99: 351-358
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» Different Iimmunogens (load or pulse):
e autologous inactivated virus (heat, AT-2)

« HIV-1 proteins

* Peptides
« MRNA

e recombinant virus vectors nanoparticles



Therapeutic Immunization

with Dendritic Cells Loaded

with Heat-Inactivated Autologous
HIV-1 in Patients with Chronic
HIV-1 Infection

Felipe Garcia,' Merylene Lejeune,”? Nuria Climent,? Cristina Gil,’
José Alcami,” Vanessa Morente,” Llucia Alos,” Alba Ruiz,®

Javier Setoain,” Emilio Fumero,' Pedro Castro,' Anna Lopez?

Anna Cruceta,' Carlos Piera,® Eric Florence,' Arturo Pereira,®
Agnes Libois,' Nuria Gonzalez,? Meritxell Guila,? Miguel Caballero,’
Francisco Lomeiia,” Joan Joseph,' José M Miro,! Tomas Pumarola,’

Montserrat Plana,” José M Gatell,' and Teresa Gallart®
Received 29 September 2004; accepted 3 December 2004; electronically published 11 April

2005,

ORVACS Reprints or correspondence: Dr. Felipe Garcfa, Infectious Diseases Unit, Hospital Clinic,
Villarroel, 170, 08036 Barcelona, Spain (fgarcia@clinic.ub.es).

MANON 03 STUDY

The Journal of Infectious Diseases  2005;191:1680-5
© 2005 by the Infectious Diseases Society of America. All rights reserved.
0022-1899/2005/19110-0014$15.00
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Main differences:
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HIV

; A Dendritic Cell-Based Vaccine Elicits T Cell Responses
Associated with Control of HIV-1 Replication

Felipe Garcia,"*" Nuria Climent,'* Alberto C. Guardo,’ Cristina Gil,’ Agathe Leén,’

Brigitte Autran,” Jeffrey D. Lifson,> Javier Martinez-Picado,”” Judit Dalmau,® Bonaventura Clotet,*
Josep M. Gatell,' Montserrat Plana,'* Teresa Gallart,'* For the DCV2/MANONO7-ORVACS Study Group

Combination antiretroviral therapy (cART) greatly improves survival and quality of life of HIV-1-infected patients; how-
ever, CART must be continued indefinitely to prevent viral rebound and associated disease progression. Inducing HIV-
1-specific immune responses with a therapeutic immunization has been proposed to control viral replication after
discontinuation of cART as an altemative to “cART for life.” We report safety, tolerability, and immunogenicity results
associated with a control of viral replication for a therapeutic vaccine using autologous monocyte-derived dendritic
cells (MD-DCs) pulsed with autologous heat-inactivated whole HIV. Patients on cART with CD4" >450 cells/mm> were
randomized to receive three immunizations with MD-DCs or with nonpulsed MD-DCs. Vaccination was feasible, safe,
and well tolerated and shifted the virus/host balance At weeks 12 and 24 after cART interruption, a decrease of
plasma wral load setpmnt =1 log = ; AT and in 7 of 2(} (35%) versus 0 of
10 (0%) patigade [ i alasma viral load
pEErved in immunized recipients was associated with a cunmstent increase in H|'-J 1-specific T cell responses.

data suggest that HIV-1-specific immune responses elicited by therapeutic DC vaccines could significantly change
plasma viral load setpoint after cART interruption in chronic HIV-1-infected patients treated in early stages. This
proof of concept supports further investigation of new candidates and/or new optimized strategies of vaccination
with the final objective of obtaining a functional cure as an alternative to cART for life.

-ORVACS/RISVAC 01
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CONCLUSIONS

Therapeutic vaccination was feasible, safe
and well tolerated.

A consistent and significant decrease in VL
(1 log) was observed In vaccine recipients
and was correlated with an increase in CD4
T cell count.

86%0 of vaccinated patients had a significant
lower set point VL when compared to
baseline and this was maintained in 52%o of
patients at week 48
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Editor’s Summary:
Putting the Vaccine Before the cART

Combination antiretroviral therapy has turned HIV infection from a death sentence to a manageable disease.
However, current treatment requires “cART for life,” a less than ideal situation for HIV-infected individuals be-
cause of drug cost and worries about resistance. New vaccine strategies are attempting to control viral replication
after infection, thus El]l(]WlI]b r discontinuation {Jf LARI and a lel]Ltl(JI]al cure. Garua et al. report a dendritic cell
(DC )-based vaccine tha : setpomt of viral load.

interruption in Vaccinated patients with 2 concomitant increase in HlV-l—speciﬁc T cell responses. Although no
yet a functional cure, these results support future studies optimizing a therapeutic vaccine to maintain HIV-1-
wfected patients.
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Phase 2b Study Schematic: Chronic Cohort*:
USA and Canada
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L A L L 1

i -
[ “ 8 2 % 20 1 »

Global PI: J M. Jacobson

Involving participants from private Phase 2b data expected mid 2014

community medical clinics

*All patients were chronically infected for more than 6 months prior to initiating ART
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NG Concept of iHIVARNA

Intranodal vaccination of HIV-1 infected patients with
mMRNA encoding TriMix and HIVACAT

Activation signals: TriMix Antigen: HIVACAT
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In situ DC modification =) HIV-1 specific T-cell responses



THERAPEUTIC VACCINES (TV) & OTHER
IMMUNE INTERVENTIONS (IBT) IN HIV
INFECTION: 2013

. Where are we with ART

. Untreated patients. TV/IBT to control productive HIV
replication or restore CD4’s

. TV/IBT in virologically suppressed patients with chronic
HIV infection

. TV/IBT to reduce the size of the reservoirs and/or to
control already depleted reservoirs

. Final considerations



THERAPEUTIC VACCINES (TV) & OTHER
IMMUNE INTERVENTIONS (IBT) IN HIV
INFECTION: 2013

2. TV/IBT to reduce the size of the reservoirs and/or to
control already depleted reservoirs

Biological model (functional cure)
Visconti patients

Reservoirs can be reduced (purged ?):
ART alone early after PHI
ART + TV ?
ART+ mobilizing agent + TV ?




The VISCONTI cohort: the possibility of post-
treatment control

T

e MWP
® KPV
OR2
JOGA
OCP
e OR1
¥ GXR
m OR3

p < 0.001 p < 0.001
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p = 0.001
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Log p24 decrease
(CD4 vs CD4.CD8 1:1)

Cell associated HIV-1 DNA
(Log copies/10° PBMC)

0 1 | | | LI | T T T 1
0- T T T 0O 30 60 901200 20 40 60 80100
VIR CART HIC PTC Time after treatment
n= 22 14 73 14 interruption (months)
Capacity of CD8+ T cells to suppress HIV Evolution of cell-associated HIV DNA after treatment
~ infection of CD4+ T cells interruption in PBMCs from 8 PTCs.
Determined by log-fold decrease in the level of
secreted p24 (CD4 vs CD4:CD8 1:1 cell cultures). Left: five PTCs Right: two PTCs
experienced a declinein  maintained stable levels and
their cell-associated HIV a positive slope was
DNA levels calculated for OR3

VIRs, viraemic patients; ARTS, treated patients;

HICs, HIV controllers; PTCs, post-treatment controllers )
PARTHMERING FOR

Saez-Cirién A, et al. PLoS Pathog 2013;9:e1003211.
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Very early treatment in adults:
restricted reservoir formation?

Acute HIV
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Ananworanich et al. CROI 2013. Abstract 47. Available online at : http://en.trcarc.org/?p=1436 [Accessed August 2013]
Ananworanich, ANRS satellite symposium, IAS 2013. Available online at: http://pag.ias2013.org/session.aspx?s=42 [Accessed August

2013]
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DC vaccine and HIV reservoir

e {1111

If VL< 10 000/mi and CD4> 350

Booster or follow up

Sidyweeks:sceeing 0 4 8 12 % A M %

Pk S S S

e e
Mean (SD)

Including 3 private community
o » , , s medical centres
Pre-ART CD4* T cell nadir (cells/mm’) 306.5 (137.1)
Log Pre-ART HIV-1 RNA (copies/m) 491 (0.59) Tcherepanova etal. P04.35 L8
Baseline CD4" T cell (cells/mm’) 637.3(203.9) AIDS vaccine 2013
Duration of ART (years) 314 211)




c

BOrCELONA 2013

Alqs
vaccine

Pro viral DNA change (%) at week 14 vs. week 0
after 4 doses of AGS-004 on ART

percent change DNA in CD4 T cells

® Nonsignificant change*

*Significant change when > 1.3 fold change (28%) based on inter assay variability
Tcherepanova et al. PO4.35 LB AIDS vaccine 2013

| }
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AGS-004-003 Acute infection study
Uncontrolled, Open Label

D -
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Studyweeks 0 ¢ 8 12 ¥ 2 u 28 B
*MW
evaluation

NIAI

*AHI=acute HIV infection
initiated ART within 45 days of primary infection)




ARM A: TDFIFTC + RAL 0-24 week vaccination (individuals 0 to @

| 1 | T 1 | T 1 | 3
Screening
Vo (4 weeks) V1 V2 V3 V4 VB VB V7 Ve Vo W10 V11 V12
Diagnosis (Ow) (4w) (12w) (24w) (+1) (+4) (+12) (48w) (+1) (+4) (+12) (+24)
dHI"«."-1 pritm:fy ;Ef HAART Vaccine Vaccine
ocumented in the P PT ChAd prime
past 6 months initiation P MVA boost
0-24 week
Prime-Boost
| S & Imm
Vir Res

ARM B: TDFIFTC + RAL 0-8 week vaccination (individuals 13 to @

| 1 [ T 1 T T T 1 [~ Roll-over
Scereening
Vo (4 weeks) vl vz V3 VA VB VB VT V8 V8 V10 VA1
Diagnosis (ow)  (4w) (12w) (24w) (+1) (+4 (33w) (+1) (+4) (+12) (+24)
d""V"' Pritm:'_'Y ;';f HAART Vaccine Vaccine
ocumented in the e e - i
past 6 months initiation ChAd prime MVA boost
0-8 week
Prime-Boost
S & Imm
Vir Res
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Combination Strategies To Purge The HIV Reservoir

Yves Levy

Latent Reservoir Covert Cellular Reservoir
Tem/ Ty CD4 cells with
Residual Replication

Pote .
n .
mm tiatiop, of

Therapeutic Une ctive
oM. g . es A2 e\e .
Inhibitors, vaccine, Ponse . ia‘ge““g

4body

coupled with
toxins

anti-pD-1.

Cytokines (IL-2,
IL-7),
Inhibitors of

immune
activation

SAHA,
Prostratin,
Bryostatin 1,
5-azathidine,
anti-PD-1

HIV " Killing
cytopathic by effector
effect

APOPTOSIS

APOPTOSIS APOPTOSIS
G. Pantaleo, IAS HIV cure, 2012



Disulfiram Reactivates Latent HIV-1 without Inducing T
Cell Activation

aCD3+aCD28 strong

Untreated Disulfiram activation signal
Spontaneous activation 0.56 uM

104 10* 104

108 108 1034

3 102 N 102 = 102 3.96%
1074 . ceabpss 10" 4 - 101 AR ;:--;_ -
100 : . 9-07% 100 S . ' ” %-18% 100 S -3 : 3.'96%
10° 107 102 108 104 100 101 102 103 104 100 101 102 108 104

GFP GFP GFP

< But it is not yet clear that disulfiram can reactivate latent HIV-1 in vivo

Treatment Time Course (days)

Stimulation® 0 2 3 4 5 6 7
Media Alone 67 ubD uD uD 41 77 134
Disulfiram 0.4 pM uD*® 366 76 88 ubD 263 204
anti-CD3 + anti-CD28" 49 22,169 65,697 40,489 12,969 7,510 3,383

Xing et al. J Virol 2011



Dynamics of Viral Load (VL) Rebound After cART
Interruption in Chronic HIV Infected Patients
Receiving MVA-B plus Disulfiram.

Beatriz Mothel, Sonsoles Sanchez2, Saray Corral3, Nuria Climent2, Alberto C. Guardo2, Lorna
Leal2, Berta Torres2, José Luis Jiménez3, Judit Pich2, Joan Albert Arnaiz2, Agathe Leén2, Maria
Angeles Mufioz-Fernandez3 , Jose M Gatell2, Bonaventura Clotetl, Mariano Esteban4,
Montserrat Plana2, Juan Carlos Lopez Bernaldo de Quirés3, Christian Branderl, Felipe Garcia2
for the RISVAC-03 Study.

1. Irsicaixa-HIVACAT, Hospital Germans Trias i Pujol, Badalona 2. Hospital Clinic-HIVACAT, IDIBAPS, University of Barcelona 3.
Hospital Gregorio Marafién, Madrid 4.- Centro Nacional de Biotecnologia, Madrid. Spain

Red Espafola de
Investigacion en SIDA (RIS)

7* REUNION DOCENTE DE LA RED DE INVESTIGACION EN SIDA (RIS)




Clinical Trial Design

Chronic HIV-1 inf

ARM A: VACCINE/PLACEBO ARM (n=18, randomized 2:1) > documented HAART
supressed
| 1 1 T 1 1 1 1 1T T 1 T
VO w2 w4 we w8 wi6 wi8 w24 w36
Treatment END OF TRIAL
interruption
tLVA'B MVA-B 3 MVA-B 3 q I CART re-start

Immunogenicity measurements: baseline, 2w post 2nd and 3rd vaccine and w24

ARM B: VACCINE/PLACEBO +MOBILIZERS (n=12) >
Reservoirs %DISULFIRAM
1 1 T 1 T 1 1 T 1 T T T
YO w2 w4 wé w8 wi6 wi8 w24
Treatment
interruption
MVA-B MVA-B MVA-B t MVA-B I

Immunogenicity measurements: baseline, 2w post 2nd and 3rd vaccine and w24 cART re-start




Viral load rebound after vaccination vs vaccination plus disulfiram. Absolute
numbers and changes as compared with baseline viral load before any cART
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0

log RNA copies mi™

Barouch et al. Nature 2013

All PGT121 regimeans (0 = 18) b Bass=line viral load <= 3.5 (n = 3)
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THERAPEUTIC VACCINES (TV) & OTHER
IMMUNE INTERVENTIONS (IBT) IN HIV
INFECTION: 2013

. Where are we with ART

. Untreated patients. TV/IBT to control productive HIV
replication or restore CD4’s

. TV/IBT in virologically suppressed patients with chronic
HIV infection

. TV/IBT 1o reduce the size of the reservoirs and/or to
control already depleted reservoirs

. Final considerations



THERAPEUTIC VACCINES (TV) & OTHER
IMMUNE INTERVENTIONS (IBT) IN HIV
INFECTION: 2013

. Final considerations

HIV therapeutic vaccines may play a role to overcome
some of the limitations of ART

Delay or avoid VL rebound after ART interruption
Deplete the reservoirs
Purge the reservoirs shock & kill strategies

Most promising results so far, in humans, have been
obtained with dendritic cells based therapeutic vaccines
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