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Role of inflammation in CVD: 40 years of work, role in PWH 
emerging

Engelen SE Nature Reviews Cardiology 2022

Role of inflammation in HIV

2024: No clinical 
endpoint studies using 
immunotherapy in HIV



JUPITER: LDL reduced by 50%, hsCRP by 37%; 44% reduction 
in primary endpoint

While some believed that HIV should be considered a risk 
equivalent with respect to statin use like DM, we lacked 
evidence to change guidelines, hence the need for a clinical 
trial.  

REPRIEVE: LDL reduced by 29%, MACE reduced by 35%
Statins now indicated for nearly all PWH > 40 years



HIV inflammation hypothesis was not fully tested by 
REPRIEVE

• N=804, treated for 2 years
• Pitavastatin had a significant reduction in LDL-C while having 

nonsignificant reductions in hsCRP
• Pitavastatin did not  significantly lower IL-6, sCD163, sCD14

Abs 151 Kollossvary – Pitavastatin does not impact inflammatory pathways using a 
proteomics approach

Lu M et al JAMA Cardiology Feb 2024



Are direct anti-inflammatory strategies 
needed to prevent CVD in the general 

population?

Will people with HIV have unique needs for 
anti-inflammatory strategies?



Residual inflammatory risk in the general population

Nelson K JACC 2023

Colchicine and canakinumab reduce CV 
risk without reducing LDL-C, while statins 

reduce both

“We believe that combined use of aggressive lipid-lowering and anti-inflammatory 
therapies might become standard of care for atherosclerotic disease in the future” 
(Ridker PM Lancet 2023).

REPRIEVE



Residual inflammatory risk in the general population
Best outcomes achieved when both LDL and CRP are low

Ridker PM European Heart Journal 2016



PCSK9 inhibitors: Very low LDL-C on top of statin, lowering earlier
Lowers LDL safely in PWH (Boccara F JACC 2020)
EPIC-HIV trial at UCSF (NCT03207945)

Optimizing CVD prevention in PWH: 
Future directions (very low, earlier lowering and new agents)

CRISPR-gene editing 
Single infusion (non HIV)

Bempedoic acid 
CLEAR HIV trial at UCSF and UCLA (NCT 05488431)

Lp(a) – clinical event trials ongoing



PCSK9 – not just lipids, implicated in cancer

Palak O Euro Journal of Pharmacology 2023; Liu X Nature 2020

• Cancer cells rely on cholesterol  
for growth
• PCK9 inhibition potentiates 

immune checkpoint inhibitor 
therapy for cancer



Inflammation agenda in PWH extends beyond CVD:

• Mortality(Kuller, PLoS Med, 2008; Tien, JAIDS, 2010; Tenorio, JID, 2014; Hunt, JID, 2014)

• Cancer (Breen, Cancer Epi Bio Prev, 2010; Borges, AIDS, 2013)

• Venous Thromboembolism (Musselwhite, AIDS, 2011)

• COPD (Attia, Chest, 2014; Kirkegaard-Klitbo, AIDS, 2017)

• Renal Disease (Gupta, HIV Med, 2015; Kirkegaard-Klitbo, AIDS, 2017)

• Bacterial Pneumonia (Bjerk, PLoS One, 2014)

• Cognitive Dysfunction (Burdo, AIDS, 2013; Sattler, JAIDS 2015)

• Depression (Martinez, JAIDS, 2014)

• Frailty (Erlandson, JID, 2013)

• Type 2 DM / insulin resistance (Brown, Diabetes Care, 2010; Reid, AIDS, 2017)

• Cure



Will we ever be able to reduce inflammation 
safely?

Will reduction in inflammation prevent 
cardiovascular disease in HIV? Will it 

prevent other co-morbidities?

Will we ever be able to conduct another 
clinical endpoint study in the post-

REPRIEVE era?



Multiple anti-inflammatory drugs/strategies have advanced to 
clinical testing in the cardiology space

Engelen SE Nature Reviews Cardiology 2022



Low dose methotrexate did not lower inflammation or prevent CVD events in the general 
population



Low dose methotrexate did not lower inflammation in PWH, reduced 
CD8 T-cell activation and T cell proliferation

Frontiers in Immunology 2022



Targeting IL-1β using canakinumab lower inflammation, reduces CV events, but 
failed to achieve regulatory approval

Ridker PM et al



IL-1β inhibition with canakinumab reduces inflammatory markers  and tissue 
inflammation in PWH

Hsue PY and Tawakol A JACC 2018

hsCRP reduced by 41% 
IL-6 reduced by 30%



June 20, 2023: FDA approves colchicine as first anti-inflammatory drug to reduce risk for MI, CVA, 
revascularization and CV death in people with established ASCVD or risk factors for CVD

LoDoCo2: 31% reduction in MACE 
when colchicine added to standard 
prevention

COLCOT: 30 days after MI,  
colchicine reduced risk of ischemic 
CV events 23% vs. placebo

2020



• RCT of colchicine (0.6 mg/day)  in 
81 PWH

• No impact on inflammatory 
markers or coronary or systemic 
endothelial function

• Larger studies in PWH will be 
needed to define the potential role 
of this safe, scalable approach

Hays AG, et al AIDS 2021

Low dose colchicine is safe in PWH, although a small RCT (n=81) failed to 
showed an impact on inflammation



Immunotherapies in development for atherosclerosis in 
general population

Engelen SE Nature Reviews Cardiology 2022



Rosa et al, NPJ Genomic Medicine, 2019

IL-6 signaling as a cause rather than correlate of disease
Mendelian randomization improves causal inference

• Genetic determinants of protein level 
predict both:

• Measured protein levels AND

• Clinical endpoints

• Provides strong causal inference

• Host genetic determinants cannot be 
“caused” by confounding risk factors 
(e.g.,  smoking, diet, etc).

• In CVD field, MR established that:

• IL-6 signaling causes disease

• CRP does not 



Ridker PM EHJ 2018

• After a single dose, pts achieving 
IL-6 <1.65ng/L had 32% reduction 
in MACE, 52% reduction in CV 
mortality, 48% reduction in all 
cause mortality, independent of 
lipid lowering

IL-6 is predictive of CVD and the magnitude of IL-6 reduction with 
immunomodulation associates with clinical benefit in CANTOS



Ridker PM Lancet 2021 et al

• Ziltivekimab targets IL-6 ligand (as 
opposed to receptor)

• Dosed every 4 weeks x 24 weeks
• 77% to 92% reduction in hsCRP
• Limited effect on lipids
• ZEUS: Phase 3 RCT (n=6200, NCT 

05021835), estimated completion 
10/2025



• N=30, cross over trial, 10 week treatment, 12 week washout
• Tocilizumab associated with significant reduction in hsCRP, 

sCD14, D-Dimer, increase in IL-6
• Tocilizumab associated with decreased T cell cycling in naïve 

CD4+ T-cells
• Tocilizumab also associated with lipid abnormalities: Increased 

TC, HDL-C, LDL-C, oxidized LDL, and LpPLA2

IL-6 inhibition in PWH is safe 
and reduces inflammation



Other anti-inflammatory strategies have been studied in PWH



• Ruxolitinib: JAK ½ Inhibitor
• ACTG 5336, N=60 treated/suppressed PWH randomized 2:1 x 5 

weeks 
• No significant impact on IL-6
• Ruxolitinib was associated with significant decreased markers of 

immune activation and cell survival

JAK1/2 inhibition in PWH  is 
safe, did not reduce IL-6 but did 
lower T cell activation, cellular 
lifespan and translocation 
markers



A5337 mTOR inhibition in PWH



Can we target the cause of 
inflammation to reduce cardiovascular 

disease?



Emerging role of mutations in hematopoietic stem cells as an 
important cause of inflammation and cardiovascular disease

• Clonal hematopoiesis of 
indeterminate potential (CHIP) is 
a new risk factor for CVD and 
cancer

• Associated with proinflammatory 
state

• 2x prevalence CHIP in PWH
– Associated with markers of HIV 

reservoir
– Bone marrow activity and 

CHIP:Durstenfeld M Poster 769

Libby P Circulation 2018
Libby P JACC 2020; Aboumsallem JP JAHA 2020;  
Bick A Sci Reports 2022, Van der Heijden JID 2022

Hematologic malignancies < 1% per year40% risk for CVD

2x prevalence
PWH



Potential therapies for clonal hematopoiesis of 
indeterminate potential (CHIP)-related inflammation

Sikking MA JAHA 2023

Upstream targets of 
inflammatory cytokines 
(JAK inhibitors, 
colchicine)

Downstream targets 
(IL-6, TNF-alpha, IL-
1R,IL-1 blocker) 



Gianella et al, Poster 354 LB, CROI 2024 

• ACTG 5383: RCT of letermovir vs 
placebo in PWH (n=40)

• Letermovir decreased 3/5 of the 
plasma proteins causally linked to 
CVD events in treated HIV (IL-6R, 
AXL, GAS6).                                           
(Reilly et al, JID, 2023)

• AXL and GAS6 are unique causal 
predictors of CVD in HIV

Emerging role of CMV as a cause of inflammation and cardiovascular 
disease in PWH



Inflammation as a cause of 
immunosuppression and disease

Cancer and co-morbidities

HIV cure



Immunology 101: Most of the host inflammatory response is 
immunoregulatory in nature

• Inflammation is harmful
• Inflammation stimulates a potent 

and sustained 
immunosuppressive response
– T regulatory cells (TGF-β, IL-10)
– Immune checkpoint receptors 
– Myeloid-derived suppressor cells

• These immunosuppressive 
responses can blunt immune 
responses to infection (HIV) and 
cancer

InflammationImmune 
Regulation

Schnittman et al, Tuesday, Oral #143, CROI 
2024 



Immunoregulatory pathways preferentially predict 
mortality in people with treated HIV
(CNICS vs. UK Biobank)

Line thickness indicates strength of available data supporting protein associations

The largest clusters 
comprised 
immunoregulatory 
proteins linked to 
suppressing T, NK, and 
myeloid cell activation
or pro-fibrotic and 
endothelial cell/ECM 
regulatory processes

Schnittman et al, Tuesday, Oral #143, CROI 2024 
These markers predicted mortality either uniquely in PWH or to at 

least a 50% greater degree than in the general population



IL-1β inhibition: Canakinumab as a case 
study of how confusing immunology can 

be, particularly to a cardiologist



IL-1β inhibition using 
canakinumab reduced 
incident lung cancer and lung 
cancer mortality

Why? Could reducing 
inflammation reduce counter-
regulatory 
immunosuppression, leading 
to control of cancer?

Lancet 2017

All fatal cancer

Lung cancer

Fatal lung cancer



• Lee (Abs 768) IL-1β predicts incident 
CAD in treated HIV

• Canakinumab (UCSF): RCT of 
canakinumab in PWH

• Hypothesis: Chronic inflammation leads 
to poor T cell function

• Tomalka (Emory): Inhibiting IL-1β
enhances T cell function which in turn 
was associated with lower reservoir

Inhibition of IL-1β : Good for the heart, prevents cancer, predictive 
of CAD in HIV,  and might even address important barriers to an HIV 
cure



• Immunoregulatory environment 
contributes to SIV/HIV 
persistence
• Reduced T cell turnover
• Failure to clear
• Failure to control

• Targeting IL-10 and TGF-β being 
explored in NHP model

Immunoregulation and the evolving HIV cure agenda



Will emerging strategies aimed at the immunoregulatory response 
be good for CVD?
What is good for HIV or cancer might be bad for the heart

• IL-10
• Implicated in plaque stabilization 
• Lower levels associated with unstable 

angina
• Inversely related to atherosclerosis in PWH 

• TGF- β
• Atheroprotective

• JAK STAT inhibitors
• Decrease inflammation 
• Increase thrombotic complications

Pinderski Oslund LJ ATVB 1999; Smith D Circulation 2001; Fourman L 
JID 2020; Grainger D ATVB 2004;  Baldini C EHJ 2021

Checkpoint inhibitors



What is needed to move the field forward?
• Clinical impact of therapies to lower inflammation among PWH

• Extends beyond CVD (other comorbidities, cancer, cure)
• Which agents to study and how to study them?

• General anti-inflammatory approaches
• Focus on immune pathways specific to HIV
• Cost, safety

• Which individuals will be most likely to benefit from anti-inflammatory 
interventions?
• Consider risk stratification at baseline?
• Can we ascertain who is most likely to benefit based on specific pathway being 

intervened upon (ie CANTOS)?
• Need to break down silos isolating those working on CVD, cancer, HIV cure
• Everything we do should be focused on developing a safe, scalable anti-

inflammatory approach that can be tested in REPRIEVE 2.0
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