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Background

• Definition of INR

-confine CD4+ T cell count

-increased CD4+ T- cell counts from baseline

-confine percentage of CD4+ T cell increase over 

baseline

Zhang et al. Front Microbiology 2023

• Clinical risk of INR
* Primary Event: 

a serious AIDS-related or serious non–

AIDS-related event, including death*

INSIGHT START Study GroupNEJM, 2015



Pathogenesis of INR

Bono, New Microbiologica, 2022





Adjuvant terapeutic strategy #1:

increase peripheral CD4+ T-cell 

proliferation/survival



IL-2 induces T-cell 

proliferation

Boyman, Nat Rev Immunol, 2012



Immune benefit of IL-2 adjuvant

therapy vs cART alone in HIV

Marchetti et al. AIDS 2004





NEJM, 2009

Over a median follow-up period of 7 to 8 years, the 

CD4+ cell count was higher in the interleukin-2 group 
than in the group receiving antiretroviral therapy alone

• Subcutaneous Recombinant, Human

Interleukin-2 in HIV-Infected Patients with

Low CD4+ Counts under Active Antiretroviral

Therapy (SILCAAT); CD4+ cell counts of 50

to 299/uL, n=1695

• Evaluation of Subcutaneous Proleukin in a

Randomized International Trial (ESPRIT);

CD4+ cell counts of >300/uL, n=4111

Randomly assigned to receive interleukin-2 

plus antiretroviral therapy or antiretroviral 
therapy alone

The primary end point of both studies was 

opportunistic disease or death from any 
cause

CD4+: +53/uL

CD4+: +159/uL



IL-2 + cART yielded no 
clinical benefit

NEJM, 2009

Increase in Treg 

cells in IL-2 

receipients

Weiss, PNAS, 2010





Adjuvant therapeutic strategy#2:

increase thymic output/de novo 

CD4+ T-cell production



IL-7 e timopoiesi

Seddon, Nat Immunol, 2015



• Eligible participants had to be

receiving ART for ≥1 year with plasma

HIV RNA levels <50 copies/mL and CD4

counts between 101 and 400 cells/µL

• Patients received a cycle of 3 weekly

subcutaneous injections of r-hIL-7 20

µg/kg

• The study was amended 12 months after

its initiation to include repeated

cycles of CYT107 administration in

order to maintain CD4 counts >500

cells/µL

Thiebuat, CID, 2016
Levy, JCI, 2009





Adjuvant therapuetic strategy 

#3:

reduce reservoirs/productive 

infection



No effect on RAL 

intensification in INR

Hatano, JID, 2011



MVC intensification in INR: no 

effect on HIV RNA

Hunt et al. Blood, 2013

We randomized 45 HIV-infected subjects with CD4 counts <350/uL and plasma HIV RNA levels <48 copies/mL on 
cART to add maraviroc vs placebo to their regimen for 24 weeks followed by 12 weeks on ART alone



MVC intensification in INR: 

increased T cell activation in 

blood and gut

Hunt et al. Blood, 2013



Rusconi, PlosOne, 2013

MVC intensification in INR: 

increased CD8+ T cells



Fostemsavir

• Fostemsavir is the prodrug

of temsavir, a first-in-

class investigational HIV-

1 attachment inhibitor.

• Temsavir binds the viral

envelope protein gp120 on

HIV-1, adjacent to the

gp120-CD4+ binding site.

In doing so, it prevents

the conformational change

required for attachment of

HIV-1 to the host cell.

Kozal, NEJM, 2020



• Documented plasma HIV-1 RNA < 50 c/mL x 2 within the last year prior to screening

• Must be on a stable ARV regimen for ≥6 months prior to screening

• CD4+T-cell count<350 cells/mm3 while on ARVs for at least 2 years

• Must be willing to add FTR 600 mg twice daily to their current antiretroviral regimen





Anti CD4 Autoantibodies and Immune 

Reconstitution

Epling, CID, 2025

Incidental, clinically indicated immunosuppressive therapy in these

participants was associated with an improved rate of CD4 reconstitution (P =

.0019) and higher week 192 CD4 count (551 vs 268 cells/µL, P = .019).



Role of ibalizumab in INR?

D3–D4 domains contain the epitope(s) for 

the generation and binding of anti-CD4 

autoantibody

Beccari, AAC, 2019
Epling, CID, 2025





Adjuvant therapeutic strategy #4:

reduce immune activation by 

counteracting microbial 

translocation/correcting 

dysbiosis



No effect of rifaximin in INR

• Non-absorbable antibiotic that

decreases lipopolysaccharide

(LPS) in cirrhotics

• HIV-positive adults receiving

ART for ≥96 weeks with

undetectable viremia for ≥48

weeks and CD4(+) T-cell counts

<350 cells/mm(3) were

randomized 2:1 to rifaximin

versus no study treatment for 4
weeks

Tenorio, JID, 2015



Scant effect of prebiotics 

(scGOS/lcFOS/glutamine) in INR

Deusch, AIDS, 2018

N=16

Serrano-Villar, Mucosal Immunology, 2017

Gut bacterial 

communities

*immunomodulatory properties and 

amino acids metabolism

*



Limited engrafment of donor

FMT in HIV

Serrano-Villar, Nat Commun 2021

FMT via colonoscopy (one-time) Capsulized FMT (8 weeks)

Vujkovic-Cvijin, Gut Microbes 2017



Adjuvant therapuetic strategy #5:

reduce immune activation by 

treating co-infections



Hunt, CID, 2011

• 30 cART–treated, CMV-

seropositive

participants

• CD4 counts <350

cells/mm3

• randomized to receive

valganciclovir 900 mg

daily or placebo for 8

weeks, followed by an

additional 4-week

observation period

• The primary outcome was

the week 8 change in

percentage of activated

(CD38+ HLA-DR+) CD8+ T



Letermovir reduces immunologic and 

cardiometabolic biomarkers in PLWH

Weibel #354 CROI 

2024

Letermovir, n=18

No treatment, n=21

Evaluate the

antiinflammatory

efficacy of

letermovir 480 mg

once daily for 48

weeks in PWH and

asymptomatic CMV

with ART-mediated

suppression



Immune and aging benefits 

following letermovir?

Weibel CROI 2025



April 2025 (BIC/FTC/TAF):

• CD4+ T cell count: 89/uL (7%)

• HIV RNA: undetectable





Conclusions

• Poor immune recovery is multifactorial

-cART class/strategy di not appear to impact immune

recovery

-adjuvant strategies are ineffective

• Poor immune recovery is linked to disease

progression

-need for clinical endpoints, not (only) CD4+ T-cell

restoration (IL-2)

• Prevention of poor immune recovery through early

cART introduction (avoiding Late Presentation)
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