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LIFE EXPECTATION AFTER AIDS - UPON VIRAL
SUPPRESSION ON CART



RESIDUAL DISEASE AFTER AIDS - UPON VIRAL
SUPPRESSION ON CART

Tenorio et al. JID 2014

Tenorio et al. JID 2014



How should we define success today? 

Eradication versus Remission 



DEFINING SUCCESS 
CURE VERSUS REMISSION

• Cure: complete removal of all replication-competent
HIV cells
• May have happended to Berlin (and London) 

patient, but impossible to prove



cART

AML, acute myeloid leukaemia; cART, combination antiretroviral therapy; CCR5, chemokine (C-C motif) receptor 5.
Kent SJ, et al. Lancet Infect Dis 2013;13:614–21.

Timeline for the Berlin patient: the first and longest duration clinical cure case

Limit of detection in tests used after transplantation (1 copy/mL)

Search for residual HIV
• Plasma RNA negative 

or equivocal
• Gastrointestinal tract RNA 

negative or equivocal
• HIV antibody decreasing

First bone marrow 
transplantation 

(CCR5 Δ32 
homozygous donor)

Second bone 
marrow 

transplantation 
(same donor)

cART

AML 
diagnosis

STILL CURED 

2018

HIV CURE IS POSSIBLE





Stage IV non-Hodgkin lymphoma, 
homozygous CCR5 WT

CCR5∆32/∆32 allo-HSCT 
transplant
Mild GVH 





INTRACELLULAR P24 
GAG STAINING IN 
POST-TRANSPLANT
CD4+ CELLS





Caveat to and lessons from the Berlin, London, Dusseldorf …patients:

• Extremely difficult to achieve
• Gene therapy approaches (from generation of HIV resistant CD4 + to the 

eradication of HIV infected cells by immune cell engineering)



DEFINING SUCCESS 
CURE VERSUS REMISSION (FUNCTIONAL CURE)

• Remission: sustained virus (HIV) control or disease-
free period in the absence of treatment

• Replication-competent virus persists at levels that 
does not cause harm or that is not transmitted



FUNCTIONAL CURE – THE QUESTION(S)

Can we generate HIV-specific 
immune responses capable to 
fully contain viral replication 
even in tissue (sanctuaries) 

once cART is stopped?



FUNCTIONAL CURE – THE ASSUMPTION(S)

• LTNPs* and ECs**: high CD4 counts and/or HIV RNA 
control without therapy

• PTCs***: long-term virological remission following 
the interruption of cART started during early(est) 
infection

*LTNPs, long-term non progressors; **ECs, elite controllers; ***PTCs, post-treatment controllers

Grabar et al. AIDS 2009; Saag & Deeks CID 2010; Saez-Cirion Plos Path 2013



FUNCTIONAL CURE – THE STRATEGY

First “debulk” the disease 
(cART) also reaching tissues, 
then eradicate or control the 

infection by enhancing immune 
function (immunotherapy)



FUNCTIONAL CURE – WHAT DO WE NEED? 
(AND WHY HAVE WE FAILED?)

•Low viral burden
•Low inflammation
•Sustained host responses, that are 

primed, reside in tissues, target 
susceptible epitopes
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1. DEBULKING THE VIRUS

Need to “push “ the viral reservoir below a threshold. 
But which?
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Chronic infection (n = 135)
Acute infection (n = 22)

Hocqueloux L, et al. JAC  2013.                                                      Ceccherini-Silberstein et al. JAC 2018

WHAT IS THE THRESHOLD BELOW WHICH ART COULD BE 
SAFELY STOPPED? >400 patients starting first-line cART

Viral rebound by 24 months first-line cART



EARLIEST
TREATMENT 
(ADULTS)



Ananworanich & Robb JIAS 2014
4- Brophy J et al. 20th IAS Conference, Melbourne 2014;
5- Giacomet V et al. Lancet 2014

+ Frange et al. cART until 5yo; 11 years off cART HIV RNA<4 cp/ml, HIV DNA <2,2Logcp/106PBMC -
IAS 2015 , Vancouver- Canada

EARLIEST TREATMENT (NEWBORNS): THE CLOSEST THAT WE 
GET TO HIV CURE ? – VERY EARLY ART, NO MEMORY CELLS



1. DEBULKING THE VIRUS

Need to “push “ the viral reservoir below a threshold. 
But which?



FUNCTIONAL CURE – WHAT DO WE NEED? 
(AND WHY HAVE WE FAILED?)

•Low viral burden
•Low inflammation
•Sustained host responses, that are 

primed, reside in tissues, target 
susceptible epitopes



2. REDUCING INFLAMMATION

RESIDUAL
INFLAMMATION
PERSISTS AFTER
VIRAL
SUPPRESSION
ON CART…….



…..HAMPERS CD4+ RECOVERY…..

*



… IMMUNE FUNCTION….

Harari A Blood 2004



Odds ratio of 
non-AIDS 

events 
according to 

marker at 
year 1 of 
HAART

Tenorio et al. JID 2014

…AND DRIVES
RESIDUAL
DISEASE



ASSOCIATIONS BETWEEN PD1-EXPRESSING ACTIVATED T 
CELLS AND HIV PROVIRAL DNA IN PERIPHERAL BLOOD

190 HIV+ on virally-effective cART

Hatano et al. JID 2013



Residual inflammation during 
cART is associated to viral 

persistence 

What causes what?





Interventions that reduce 
inflammation/immune suppression may 

also be beneficial in containing viral 
persistence 



Micci et al. JCI 2015



Micci et al. JCI 2015



REDUCTION IN REPLICATION-COMPETENT VIRUS BY IL-21

Micci et al. JCI 2015



Persistent 
reservoir Inflammation

Persistent 
reservoir Inflammation



IL-21 in the course of cART limits 
inflammation and HIV persistence

However,



Micci et al. JCI 2015



CO-INHIBITORS RECEPTORS AND HIV

Larrson et al. Retrovirology 2013

Latency

CTLA-4
PD1



INHIBITORY SIGNALS AT APC/T-CELL JUNCTIONS RESULTING IN 
T-CELL INHIBITION IN HIV

Larrson et al. Retrovirology 2013



Paiardini CROI 2017

CTLA-4-pos PD-1-neg are Treg critical for viral persistence and 
should be target of cure strategies



ANY EFFECT FOR CTLA-4/PD-1 BLOCKADE ON SIV 
PERSISTENCE DURING ART AND AFTER ART STOP?  

Paiardini CROI 2019









VIRAL REBOUND
POST-TREATMENT 
INTERRUPTION



GUT 
INFLAMMATION

* AND 
FIBROSIS** IS 

ALREADY 
DETECTED IN 

ACUTE HIV 
INFECTION 

*Neutrophil infiltration
(brown) ; **collagen (red)

CONTROLS ACUTE INFECTION CHRONIC INFECTION

Cannizzo et al. CROI 2018



Zeng et al. PlosPathogens 2012

COLLAGEN DEPOSITION IS NOT RECOVERED BY CART



Schaker et al. JID 2002 

COLLAGEN DEPOSITION IN LYMPHOID TISSUES 
BEFORE CART SUBSTANTIALLY IMPACTS THE 
DYNAMICS OF T-LYMPHOCYTE RECONSTITUTION

Zeng et al. PlosPathogens 2012

LN

Asmuth et al. AIDS 2015

GUT



CANAKINUMAB: 
IL1-BETA 
INHIBITION

Hsue et al. JAAC 2018



FUNCTIONAL CURE – WHAT DO WE NEED? 
(AND WHERE HAVE WE FAILED?)

•Low viral burden
•Low inflammation
•Sustained host responses, that are 

primed, reside in tissues, target 
susceptible epitopes



3. ENHANCING IMMUNITY



ERAMUNE 02 ART intensification (raltegravir or maraviroc) ± immunomodulation (DNA + HIV-rAd5 
vaccine) did not significantly reduce the HIV DNA reservoir in blood or rectal tissue

RISVAC 03 MVA-B vaccination increased Gag- and Env-gp120-specific T-cell responses but had only 
marginal impact on VL rebound after cART interruption

ACTG A5197 rAd5 HIV-1 Gag vaccine showed positive correlation between Gag-specific cells and 
lower viral rebound during treatment interruption, although the effect decreased over 
time

NCT00659789 Vacc-4x, a p24Gag HIV-1 vaccine, lowered VL but did not affect the proportion of 
participants resuming cART before end of study or change in CD4 counts during 
treatment interruption

NCT00751595 HIV-1 Tat protein was safe, well tolerated and induced anti-Tat Abs in most patients. 
Vaccination promoted a durable and significant restoration of T, B, NK cells, and CD4+ 
and CD8+ central memory subsets. A significant reduction of blood proviral DNA was 
seen after Week 72

HVTN 090 rVSV vaccine recipients became seropositive for VSV after two vaccinations. Gag-
specific T-cell responses were detected in 63% of participants by interferon-γ enzyme-
linked immunospot at the highest dose postboost

Therapeutic T-cell HIV-1 vaccines and HIV reservoir

No impact on HIV reservoir



Do we need to reverse latency? 

“Shock and kill strategies” 



Rasmussen et al. Trends Mircobiol 2016



BCN02- PILOT SINGLE-ARM OPEN LABLE
HIV+ treated within 3 months from 

acute infection, fully suppressive 
cART for 3yrs

• cART interruption 8 weeks after 
last vaccine boost 

• cART re-started if VL>2000

Mothe V #119 LB CROI 2017 

Recombinant modified Ankara-based (MVA-B) HIV-1 
vaccine expressing gp120 and fused Gag-Pol-Nef
polyprotein of clade B



Mothe V #119 LB CROI 2017



Mothe V #119 LB CROI 2017



Mothe V #119 LB CROI 2017



PHI patients: ART vs 
ART + Vorinostat + 
HIV prime boost
vaccine

Study design: 1:1 randomized control trial



Latency reversal using HDACi may 
be inadequate or T-cell vaccine 
epitopes may not recognize the 

correct viral sequences







Phase 1b: on 
virally-effective
cART (at least
24 months), 
CD4>500

2/9 individuals
maintained
undetectable
viremia when
bNAbs levels
waned –
“vaccinal
effect"

Mendoza et al. Nature 2018



TLR-7 
AGONIST

Murry et al. CROI 2017



Monkey: V3 glycan-dependent bNab PGT121 
+ TLR7 agonist Vesatolimod given during ART 

initiated during acute infection



2. E 3. REDUCING INFLAMMATION , 
ENHANCING IMMUNITY



WHAT’S IN THE PIPELINE

• Angiotensin II blockers (anti-fibrotic, anti-inflammatory
actions): losartan, telmisartan

• mTOR inhibitor inhibitor: Sirolimus, Everolimus
• JAK inhibitors
• Anti-PD-1: Nivolumab, Pembrolizumab
• TLR agonists: TLR7, TLR9



+ *Dept of Health
Sciences- Clinic of 
Infectious Diseases -
Univ of Milan, San Paolo 
H
Elvira S Cannizzo
Esther Merlini
Camilla Tincati
Giuseppe Ancona
Francesca Bai
Antonella d’Arminio Monforte
***all the patients and staff
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