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Program Overview

• Living longer

• Potential impact of persistent inflammation and immune 
activation during HIV infection

• Age- and HIV-associated non-AIDS comorbidities
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Current Status: 90-90-90 Targets

UNAIDS. Ending AIDS: Progress Towards The 90-90-90 Targets. July 2017.
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Narrowing the Gap in Life Expectancy Between
HIV-Positive and Uninfected Persons (1996-2011)

Marcus JL, et al. JAIDS. 2016;73:39-46.

Kaiser Permanente Northern California (1996 to 2011):
HIV-positive (n=25,768) and matched non-HIV-infected adults (n=257,600). Males (91%) and MSM 

(75%).
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Marcus and colleagues conducted a cohort study of HIV-infected adults who were members of Kaiser Permanente California during 1996-2011 and HIV-uninfected members matched 10:1 on age, gender, medical center, and year. Deaths were comprehensively ascertained through 2011 from the electronic health record, California death certificates, and Social Security Administration datasets. Abridged life tables were used to estimate the average number of years of life remaining at age 20 years (“life expectancy at age 20”) in HIV-infected and HIV-uninfected individuals in 1996-2006 and 2007-2011. For the recent era, we estimated life expectancy at age 20 years by demographics and HIV risk group.1

Life expectancies at age 20 for HIV-uninfected individuals were 63 years in 1996 -1997 and 65 years in 2011, while increasing for HIV-infected individuals from 19 years in 1996-1997 to 53 years.  As such ,the life expectancy gap between HIV-positive and HIV-negative people has decreased from 44 to 12 years from 1996-1997 to 2011, respectively.1 

Reference
Marcus JL, Chao CR, Leyden WA, et al. Narrowing the gap in life expectancy between HIV-infected and HIV-uninfected individuals with access to care. J Acquir Immune Defic Syndr. 2016;73:39-46.
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D:A:D Study:
Trends in the Underlying Causes of Death in HIV Patients

Smith CJ, et al. Lancet. 2014;384:241-248.
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Smith and colleagues evaluated trends over time in all-cause mortality and for specific causes of death in people with HIV from 1999 to 2011 participating in the D:A:D study.  There were 3909 deaths out of 49,731 participants resulting in a mortality rate of 12.7 per 1000 person-years.1

The most common causes of death were AIDS-related causes, followed by non-AIDS-related cancers, liver disease, and cardiovascular disease. Although it has remained the most common cause over the whole follow-up period, the percentage of all deaths attributable to AIDS decreased from 34% in 1999–2000 to 22% in 2009 to 2011 (P<0.0001). The percentage of liver-related deaths also fell over the same period (16% to 10%). However, the proportion of all deaths that were from non-AIDS cancers increased (9% to 23%).1

The overall death rate and rates of death by individual causes were much lower among who were virologically suppressed on ART.1

Reference
Smith CJ, Ryom L, Weber R, et al. Trends in underlying causes of death in people with HIV from 1999 to 2011 (D:A:D): a multicohort collaboration. Lancet. 2014;384:241-248.
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NA-ACCORD: Increasing Multi-Morbidity Trends Among
HIV Patients Living in the US 

US clinical cohorts of the NA-ACCORD          
(n=22,969; 2000-2009)

Multi-morbidity: ≥2 of hypertension, 
diabetes mellitus, chronic kidney 
disease, hypercholesterolemia, end-
stage liver disease, non-AIDS-related 
cancer

Multi-morbidity prevalence from 2000 
to 2009   (38% to 54%)

High cholesterol: 18% to 20%
Hypertension: 6% to 9% 
Hypertension with

High cholesterol: 4% to 9%
Chronic kidney disease: 0.8% to 1.6%
High cholesterol and diabetes: 0.8% to 
1.6%

Wong C, et al. 24th CROI. Seattle, 2017. Abstract 662.
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Using data from the NA-ACCORD cohort, Wong and colleagues evaluated morbidity trends among ART-treated individuals living with HIV health care systems, and policy-makers to prepare for the long-term management of those with HIV.1 

Overall multi-morbidity prevalence increased from 38% to 54% between 2000 and 2009. Of note was the doubling in prevalence of patients hypertension plus high cholesterol and/or chronic kidney disease.1 

As the HIV-infected population ages with effective HIV treatment, the prevention and treatment of non-communicable diseases will continue to be a critical co-management need.1

Reference
Wong C, Gange SJ, Moore RD , et al. Trend in multi morbidity among HIV+ adults in clinical care in the US. Program and abstracts from the 24th Conference on Retroviruses and Opportunistic Infection; February 13-16, 2017; Seattle, WA. Abstract 662.
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NCI and CDC: Excess Burden of Cancer Among HIV-Infected 
Patients in the US (2010)

Retrospective analysis

Expected HIV cancer rates: 
HIV/AIDS Cancer Match study

General population cancer rates: 
SEER program

Excess cancer burden in the US HIV 
population in 2010: 54%

Nearly 65% occurred in MSM

Largest increase in NHL, Kaposi 
sarcoma, anal cancer, lung cancer

Largest excess occurred in those 
40 to 49 years of age

Largest percentage excess in 
those 15 to 29 years of age

Expected
Cancers
(number)

Excess 
or Deficit

(%)

NHL (n=1645) 203 87.7

Kaposi sarcoma (n=912) 2 99.8

Lung (n=837) 401 52.0

Anus (n=764) 20 97.4

Prostate (n=574) 969 -40.7

Liver (n=389) 106 72.7

Colorectum (n=357) 379 -5.8

Hodgkin lymphoma 
(n=317)

29 90.0

Female breast (n=177) 303 -41.6

Excess or Deficit Cancer Cases 
Among 

HIV-Infected Patients in the US

Robbins HA, et al. J Natl Cancer Inst. 2015;107(4).

SEER: Surveillance, Epidemiology, and End Results.
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In this retrospective analysis by the NCI and CDC, Robbins and colleagues evaluated the expected HIV cancer rates from the HIV/AIDS Cancer Match study and compared them with the general population cancer rates recorded in the SEER program.  They found that among HIV-positive persons, there was an excess cancer burden (observed-expected) in the US HIV population in 2010 of 54%.  Nearly 65% of these excess cancers occurred in MSM.1

The largest increase was in non-Hodgkin lymphoma, Kaposi sarcoma, anal cancer, and lung cancer.  The largest excess occurred in those 40 to 49 years of age, with the largest percentage excess in those 15 to 29 years of age.1

Reference
Robbins HA, Pfeiffer RM, Shiels MS, et al. Excess cancers among HIV-infected people in the United States. J Natl Cancer Inst. 2015 Feb 6;107(4).



MACS: 
Frailty Phenotype in HIV-Positive MSM 50 to 70 Years of Age

• Prospective cohort of MSM  
(2007-2011)
10,571 person-visits
HIV positive on ART (n=1946)
HIV negative (n=1048)

• Ages 50 to 64 years 
Frailty phenotype more 
common in HIV-positive men 
versus HIV-negative men.
May be effect of HIV infection, 
ART, or both

• Further longitudinal studies are 
needed
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Prevalence of Frailty 
Phenotype

Althoff KN, et al. J Gerontol A Biol Sci Med Sci. 2014;69:189-198. 
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The MACS is a prospective cohort of MSM.  In this analysis, the frailty phenotype was evaluated among MSM in the MACS cohort (2007-2011).  A total of 10,571 person-visits of follow-up were analyzed in HIV positive MSM on ART (n=1946) and HIV negative men (n=1048).1
Frailty phenotype was defined as having >3 of the following: low grip strength; slow 4-meter walking speed (both <20th percentile of HIV negative men); low physical activity; exhaustion (both assessed by SF-36 questionnaire); and unintentional weight loss of >10 pounds.

Among those 50 to 70 years, the frailty phenotype was more common in HIV-positive men versus HIV-negative men.  The authors speculated that the higher prevalence of the frailty phenotype may be an effect of HIV infection, ART, or both.  Further longitudinal studies are needed.1

Reference
Althoff KN, Jacobson LP, Cranston RD, et al. Age, comorbidities, and AIDS predict a frailty phenotype in men who have sex with men. J Gerontol A Biol Sci Med Sci. 2014;69:189-198. 
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Persistent Inflammation During ART:
Multiple Mechanisms and Consequences

Deeks SG, et al. Lancet. 2013;382:1525-1533.
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Despite effective ART, many if not most HIV-infected adults have evidence of persistent inflammation and immune dysfunction. Root causes of inflammation include ongoing HIV production, high levels of other co-pathogens, irreversible damage to immunoregulation, and translocation of microbial products across damaged mucosal surfaces. This inflammatory environment causes end-organ damage through several potential pathways.1 

Reference
Deeks SG, Lewin SR, Havlir D. The end of AIDS: HIV infection as a chronic disease. Lancet. 2013;382:1525-1533.




Biomarkers of Inflammation and 
Immune Activation

l Recent data demonstrate strong associations between certain biomarkers of 
inflammation and morbidity and/or mortality in the setting of HIV infection1

1. Lundgren JD et al. Curr Opin HIV AIDS. 2010;5(6):459-462.  2. McComsey GA et al. J Acquir Immune Defic Syndr. 2014;65(2):167-
174. 3. Kuller LH et al. PLoS Med. 2008;5(10):e203.  4. Lau B et al. Arch Intern Med. 2006;166(1):64-70.  5. Hoy J et al. J Bone Miner 
Res. 2013;28(6):1264-1274.  6. Burdo TH et al. J Infect Dis. 2011;204(8):1227-1236.  7. Sandler NG et al. J Infect Dis. 
2011;203(6):780–790. 

Biomarkers of 
inflammation 

associated with 
morbidity and/or 

mortality

D-dimer3

IL-62,3

sCD147

CRP4Osteoprotegerin:
RANKL5

TNF-α2sCD1636
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Sandler and colleagues showed, using a case-control study design, that high sCD14 levels, a marker of LPS bioactivity, were associated with an increased risk of all-cause mortality. 
INSIGHT study group reported that higher pre-ART levels of IL-6 and hsCRP were associated with increased risk of AIDS events and mortality on ART
In the SMART case-control study, elevated baseline levels of D-dimer were also strongly associated with mortality. 
Another trial, substudy A5224s, investigated the association between time-updated inflammatory marker levels after ART initiation and the occurrence of AIDS and non-AIDS events in the setting of a prospective randomized ART- initiation study.
The study found that for non-AIDS events, higher baseline hsCRP and TNF-α were significantly associated with increased risk, while IL-6 was marginally associated with higher risk.
A study by Burdo and colleagues demonstrated that monocyte/macrophage-specific marker, sCD163, is uniquely associated with increased noncalcified plaque among young, asymptomatic, HIV-infected men with low or undetectable levels of viremia and a long duration of HIV disease. sCD163 was significantly associated with increased noncalcified plaque burden, independent of traditional risk factors. These data lend insight into the dynamic process by which cardiovascular disease develops among HIV-infected patients with low or undetectable plasma virus and suggest that macrophage activation, independent of traditional risk factors, contributes to a unique phenotype of inflammatory noncalcified coronary plaque among patients with long-term HIV infection. 


A number of studies have focused on identifying biomarkers to monitor HIV immunopathogenesis in patients on cART.
However, no single marker or combinatorial biomarker signature has proved to be reliable for diagnostic or therapeutic purposes to date. 

A major challenge is that although many of the biomarkers being investigated in the HIV space appear to provide consistent insights into the pathogenesis of HIV, they have not been proven to be reliable surrogates for the efficacy of interventions aimed at modifying their levels. 
For example, if a medical intervention decreases the levels of D-dimer, it does not necessarily follow that this intervention will also lead to a decrease in the risk of those diseases associated with higher levels of D-dimers. Such evidence can only be obtained by actually demonstrating a reduced risk of the disease by using the intervention in an appropriately powered randomized controlled trial 

Before “biomarker-guided” therapy can occur, it will be necessary to:
identify interventions that reduce the biomarker;
validate the value of the biomarker assay that would be the intervention threshold and deal with lab-to-lab variation issues; 
and confirm that the intervention reduces both the biomarker and the clinical endpoint in the setting of HIV



MACS Cohort: Inflammatory Markers and Mortality 
Risk Among HIV-Suppressed Men

Prospective cohort study (1996-2014)
HIV suppression (n=670; 54 died)

•Residual inflammation may result from 
viremia below detectable levels or may 
represent immunologic processes that 
continue as a consequence of damage 
early in the course of infection
•High concentration of biomarkers 
associated with increased mortality 
risk in HIV-suppressed men (adjusted 
hazard ratio)

IL-6 (aHR: 3.5; P<0.001)
Soluble IL 2Rα (aHR: 3.3; P<0.001)
Soluble CD14 (aHR: 2.7; P<0.001)
Chemokine ligand 13 (aHR: 2.3; 
P=0.005)

Mortality Hazard Ratios for Men
(highest quartile of biomarker 

concentration
relative to the lower 3 quartiles)

Wada NI, et al. Clin Infect Dis. 2016;63:984-990.

aHR: hazard ratio adjusted for age, CD4 count, HBV or HCV infection, and 
smoking.
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Wada and colleagues used data from the prospective Multicenter AIDS Cohort Study to assess concentrations of 24 biomarkers of inflammation and immune activation from HIV-positive men on stable ART (n=690; 1996-2014). Of 670 men followed up from HIV suppression, 54 died by the end of 2013.1 

After adjustment for age, CD4 cell count, HBV or HCV infection, and smoking, concentrations in the highest quartile of 4 biomarkers were significantly associated with mortality risk after controlling the false discovery rate at 5%: interleukin 6 (HR 3.5), soluble IL 2Rα (HR 3.3), soluble CD14 (HR 2.7), and chemokine ligand 13 (HR 2.3).1

Despite having undetectable HIV RNA levels during cART, men with higher concentrations of several biomarkers (particularly IL 6, soluble IL 2Rα, soluble CD14, and CXCL13) had higher hazards of long-term mortality. Correlations observed among biomarker concentrations may represent underlying inflammatory processes that contribute to mortality risk.1

Reference
Wada NI, Bream JH, Martínez-Maza O, et al. Inflammatory biomarkers and mortality risk among HIV-suppressed men: A multisite prospective cohort study. Clin Infect Dis. 2016;63:984-990.



• Cardiovascular disease
• Osteoporosis
• Type 2 diabetes
• Renal disease
• Lymphoma and non-

AIDS-defining cancers

• Chronic obstructive pulmonary disease
• Bacterial pneumonia
• Neurocognitive dysfunction
• Depression
• Frailty

Markers of Persistent Innate Immune Activation and 
Inflammation Predicts Morbidities Among Treated 

HIV Patients

Hunt PW, et al. J Infect Dis. 2016;214:S44-S50.
Musselwhite LW, et al. AIDS. 2011;25:787-795.
Duprez DA, et al. PLoS One. 2012;7:e44454.
Brown TT, et al. J Inect Dis. 2015;212:1241-1249.
Brown TT, et al. Diabetes Care. 2010;33:2244-2249.
Gupta SK, et al. HIV Med. 2015;16:591-598.
Breen EC, et al. Cancer Epidemiol Biomarkers Prev. 2011;20:1303-1314.
Borges AH, et al. AIDS. 2013;27:1433-14441.
Attia EF, et al. Chest. 2014;146:1543-1553.
Bjerk SM, et al. PLoS One. 2013;8:e56249.
Burdo TH, et al. AIDS. 2013;271387-1395.
Ancuta P, et al. PLoS One. 2008;3:e2516.
Lyons JL, et al. JAIDS. 2011;57:371-379.
Martinez P, et al. JAIDS. 2014;65:456-462.
Erlandson KM, et al. J Infect Dis. 2013;208:249-259.
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References
Hunt PW, Lee SA, Siedner MJ. Immunologic biomarkers, morbidity, and mortality in treated HIV infection. J Infect Dis. 2016;214(suppl 2):S44-S50.
Musselwhite LW, Sheikh V, Norton TD, et al. Markers of endothelial dysfunction, coagulation and tissue fibrosis independently predict venous thromboembolism in HIV. 2011;25:787-795.
Duprez DA, Neuhaus J, Kuller LH, et al. Inflammation, coagulation and cardiovascular disease in HIV-infected individuals. PLoS One. 2012;7:e44454.
Brown TT, Moser C, Currier JS, et al. Changes in bone mineral density after initiation of antiretroviral treatment with tenofovir disoproxil fumarate/emtricitabine plus atazanavir/ritonavir, darunavir/ritonavir, or raltegravir. J Infect Dis. 2015;212:1241-1249.
Brown TT, Tassiopoulos K, Bosch RJ, Shikuma C, McComsey GA. Association between systemic inflammation and incident diabetes in HIV-infected patients after initiation of antiretroviral therapy. Diabetes Care. 2010;33:2244-2249.
Gupta SK, Kitch D, Tierney C, Melbourne K, Ha B, McComsey GA. Markers of renal disease and function are associated with systemic inflammation in HIV infection. HIV Med. 2015;16:591-598. 
Breen EC, Hussain SK, Magpantay L, et al. B-cell stimulatory cytokines and markers of immune activation are elevated several years prior to the diagnosis of systemic AIDS-associated non-Hodgkin B-cell lymphoma. Cancer Epidemiol Biomarkers Prev. 2011;20:1303-1314.
Borges AH, Silverberg MJ, Wentworth D, et al. Predicting risk of cancer during HIV infection: the role of inflammatory and coagulation biomarkers. AIDS. 2013;27:1433-1441.  
Attia EF, Akgun KM, Wongtrakool C, et al. Increased risk of radiographic emphysema in HIV is associated with elevated soluble CD14 and nadir CD4. Chest. 2014;146:1543-1553.
Bjerk SM, Baker JV, Emery S, et al. Biomarkers and bacterial pneumonia risk in patients with treated HIV infection: a case-control study. PLoS One. 2013;8:e56249.
Burdo TH, Weiffenbach A, Woods SP, Letendre S, Ellis RJ, Williams KC. Elevated sCD163 is a marker of neurocognitive impairment in HIV infection. AIDS. 2013;27:1387-1395.
Ancuta P, Kamat A, Kunstman KJ, et al. Microbial translocation is associated with increased monocyte activation and dementia in AIDS patients. PLoS One. 2008;3:e2516.
Lyons JL, Uno H, Ancuta P, et al. Plasma sCD14 is a biomarker associated with impaired neurocognitive test performance in attention and learning domains in HIV infection. J Acquir Immune Defic Syndr. 2011;57:371-379.
Martinez P, Tsai AC, Muzoora C, et al. Reversal of the kynurenine pathway of tryptophan catabolism may improve depression in ART-treated HIV-Infected Ugandans. J Acquir Immune Defic Syndr. 2014;65:456-462.
Erlandson KM, Allshouse AA, Jankowski CM, et al. Association of functional impairment with inflammation and immune activation in HIV-1-Infected adults on effective antiretroviral therapy. J Infect Dis. 2013;208:249-259.



START Study:
Initiation of ART in Early Asymptomatic HIV Infection

Primary outcome a composite outcome of 2 major components:
• Any serious AIDS-related event 

- Death from AIDS or any AIDS-defining event, Hodgkin’s lymphoma
• Any serious non–AIDS-related event 

- CVD (myocardial infarction, stroke, or coronary revascularization) or death from CVD, end-stage 
renal disease (initiation of dialysis or renal transplantation) or death from renal disease, liver disease 
(decompensated liver disease) or death from liver disease, non–AIDS-defining cancer (except for 
basal-cell or squamous cell skin cancer) or death from cancer, and any death not attributable to 
AIDS

Multicontinental 
Study (n=4685)

HIV-positive adults 
Treatment-naive

CD4 >500 cells/mm3

Randomization
1:1 Immediate ART (n=2326)

Deferred ART (n=2359)
(CD4 Declined to <350 cells/mm3 or AIDS-related event)

5/2015: DSMB recommends stopping trial:
Deferred arm offered ART

Molina J-M, et al. JAIDS. 2016;19(suppl 5):78-79. Abstract THAB0201.
The INSIGHT START Study Group. N Engl J Med. 2015;373:795-807.
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The Strategic Timing of Antiretroviral Therapy (START) study was a multicontinental trial that examined the risks and benefits of immediate initiation of ART in asymptomatic HIV-positive patients who have a CD4 count >500 cells/mm3 compared with deferring ART initiation until the CD4 count is 350 cells/mm3.1,2
Treatment-naïve patients with CD4 >500 cells/mm3.

Randomized arms:1,2
Immediate ART
Deferred ART (when CD4 decreased to 350 cells/mm3 or onset of an AIDS-related event).

The primary composite endpoint comprised 2 major components. The first was any serious AIDS-related event (death from AIDS or any AIDS-related event). The second component was any serious non–AIDS-related event, including death from causes other than AIDS. Serious non–AIDS-related events consisted of:1,2
Cardiovascular disease (myocardial infarction, stroke, or coronary revascularization) or death from cardiovascular disease.
End-stage renal disease (initiation of dialysis or renal transplantation) or death from renal disease.
Liver disease (decompensated liver disease) or death from liver disease.
Non–AIDS-defining cancer (except for basal cell or squamous cell skin cancer) or death from cancer.
Any death not attributable to AIDS.

References
The INSIGHT START Study Group. Initiation of antiretroviral therapy in early asymptomatic HIV infection. N Engl J Med. 2015;373:795-807.
Molina J-M, Grund B, Gordin F, et al. Who benefited most from immediate treatment in START? A subgroup analysis. JAIDS. 2016;19(suppl 5):78-79. Abstract THAB0201.





START Study Outcomes:
Composite Primary Endpoint and its Components

• Immediate ART was superior to 
deferral of ART both for serious 
and non-serious AIDS events

• Majority (68%) of the primary 
endpoints occurred in patients with 
a CD4 >500 cells/mm3

• Similar significant reductions were 
noted across all patient subgroups

• No increase in adverse events 
associated with immediate versus 
deferred ART
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Number of Serious Events

AIDS-
Related

Non-AIDS 
Related

Components
(Serious Events)

Composite
Endpoint

96 Deferred ART 
(n=2359)
Immediate ART 
(n=2326)

42
50

14

47

29

57%
Reduction
(P<0.001)

72%
Reduction
(P<0.001)

39%
Reduction
(P=0.04)

The INSIGHT START Study Group. N Engl J Med. 2015;373:795-807.
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The immediate ART was superior to deferred ART arm with regard to the primary composite endpoint and for both for serious and non-serious AIDS events.  The majority (68%) of the primary endpoints occurred in patients with a CD4 >500 cells/mm3.1
Similar significant reductions were noted across all patient subgroups.

There was no increase in adverse events associated with immediate versus deferred ART.1

Reference
The INSIGHT START Study Group. Initiation of antiretroviral therapy in early asymptomatic HIV infection. N Engl J Med. 2015;373:795-807.



Chart1

		96		42

		50		14

		47		29





Sheet1

				Series 1		Series 2		Series 3

		Category 1		96		42		76

		Category 2		50		14		76

				47		29		83

				79		97		67

				73		96		95

				84		97		96

				92		97		95

				95		94		95

				69		87.1







START Study:
Who Benefited the Most From Immediate ART?
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Molina J-M, et al. JAIDS. 2016;19(suppl 5):78-79. Abstract THAB0201.

NNT: number needed to treat to prevent 1 primary event.
ARR: adjusted rate ratio (deferred-immediate ART).

Baseline Characteristics of Those Benefiting 
the Most

Overall

4.1%

Deferred ART
Immediate ART

1.8%

11.7%

2.9%

6.9%

2.1%

6.3%

0.5%

10.1%

2.4%

Age >50 Years HIV RNA
>50K Copies/mL

CD4:CD8
Ratio <0.5

Framingham 10-Year
Risk of CHD >10

NNT
128

NNT
45

NNT
67

NNT
60

NNT
69

P<0.001 ARR: 2.24
P=0.01

ARR: 1.48
P=0.06

ARR: 1.67
P=0.005

ARR: 1.45
P=0.13
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Slide:  START Study: Who Benefited the Most From Immediate ART?

The cumulative percent with a primary event was reduced from 4.1% to 1.8% with immediate ART compared with deferred ART.1

In asymptomatic ART-naïve adults with CD >500 cells/mm3, immediate ART was superior to deferred ART across all subgroups with similar relative risk reduction.  The higher absolute risk reduction and lower number needed to treat were found in participants with:1
Age >50 years.
Plasma HIV RNA level >50,000 copies/mL.
CD4:CD8 ratio <0.5.
Framingham 10-year risk score >10.

These patients might be prioritized for immediate access to ART.1 

Reference
Molina J-M, Grund B, Gordin F, et al. Who benefited most from immediate treatment in START? A subgroup analysis. JAIDS. 2016;19(suppl 5):78-79. Abstract THAB0201.
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START Study:
Who Benefited the Most From Immediate ART?

Immediate ART was superior to deferred ART in 
asymptomatic, treatment-naïve adults with baseline CD4 
>500 cells/mm3

• Benefit seen in all subgroups, but not to the same 
magnitude

• Univariate analysis: Who benefited the most (higher 
absolute risk reduction and lower NNT)?

• Age: >50 years
• HIV RNA: >50K copies/mL
• CD4:CD8 ratio: <0.5
• Framingham 10-year CHD risk score: >10%

Molina J-M, et al. JAIDS. 2016;19(suppl 5):78-79. Abstract THAB0201.
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Slide:  START Study: Who Benefited the Most From Immediate ART?

In asymptomatic ART-naïve adults with CD >500 cells/mm3, immediate ART was superior to deferred ART across all subgroups with similar relative risk reduction.  The higher absolute risk reduction and lower number needed to treat were found in participants with:1
Age >50 years.
Plasma HIV RNA level >50,000 copies/mL.
CD4:CD8 ratio <0.5.
Framingham 10-year risk score >10.

These patients might be prioritized for immediate access to ART.1 

Reference
Molina J-M, Grund B, Gordin F, et al. Who benefited most from immediate treatment in START? A subgroup analysis. JAIDS. 2016;19(suppl 5):78-79. Abstract THAB0201.



SMART Study Group. N Eng J Med. 2006;355: 2283-2296. 

No. at Risk
Treatment
Interruption 2720 2070 1663 1292 1041 867 693 543 443 375 273 157

Continuous 
Treatment 2752 2077 1692 1307 1070 899 713 563 462 380 282 165

444036322824201612840
0.00

0.05

0.10

0.15

0.20

Major Cardiovascular, Renal, or Hepatic Disease

Hazard ratio, 1.78; 95% CI, 1.1-2.5; P=0.009
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Continuous
Treatment

N=5472 HIV-infected patients with a CD4+ cell count >350mm3

SMART Study: HIV Viremia Can Contribute to CV Risk

Endpoint Hazard Ratio 
(95%CI)*

P
Value

Death, 
any cause 1.8 (1.2-2.9) 0.007

Major 
cardiovascular, 
renal or 
hepatic 
disease

1.7 (1.1-2.5) 0.009

Fatal or 
non-fatal CVD 1.6 (1.0-2.5) 0.05

*Treatment Interruption vs. Continuous Treatment 

Presenter
Presentation Notes
Speaking points:
The Strategies for Management of Antiretroviral Therapy (SMART) study evaluated the impact of HAART interruptions on overall efficacy and adverse events
A total of 5472 HIV-infected patients with CD4+ cell counts of >350cells/mm3 who agreed to initiate, modify or stop ARV in accordance with the study protocol were enrolled. Both treatment-experienced and -naïve patients were eligible, regardless of treatment status or history
Patients were randomized to receive HAART based on the DHHS guidelines as part of one of the following study arms:
Continuous treatment (n=2752)
Treatment interruption (n=2720)
In the treatment interruption study arm, HAART was initially deferred until the CD4+ count decreased to <250cells/mm3 and then administered until the CD4+ count increased >350cells/mm3, with subsequent repetition of the protocol throughout the follow-up period (mean 16 months, 26% of the patients were followed for >2 years
Treatment interruptions were associated with significantly increased risk of death by any cause (P=0.007), as well as significantly increased risk of major cardiovascular, renal, or hepatic disease (P=0.009), and fatal or non-fatal CVD (P=0.05)




Reference: 
SMART Study Group. CD4+ Count-Guided Interruption of Antiretroviral Therapy. N Eng J Med.
2006;355: 2283-2296. 




Higher levels of hsCRP, IL-6, and C-dimer were significantly associated 
with an increased risk of all-cause mortality 

Biomarkers of Immune Activation: 
The SMART Study—CRP, IL-6, D-dimer

Kuller LH et al. PLoS Med. 2008;5(10):e203.

<25th Percentile 
(Reference) ≥75th Percentile

OR (95% CI) P-value

hsCRP (μg/mL)

N (cases/controls) 16/45 40/55

Univariate 1.0 2.0 (1.0-4.1) 0.05

IL-6 (pg/mL)

N (cases/controls) 8/48 40/29

Univariate 1.0 8.3 (3.3-20.8) <0.0001

D-dimer (μg/mL)

N (cases/controls) 8/51 37/25

Univariate 1.0 12.4 (4.2-37.0) <0.0001
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Presentation Notes
Possible talking points:

HIV infections cause massive depletion of CD4+ T cells from the gut-associated lymphoid tissue(GALT) in the first few weeks of infection, and also results in gut epithelial cell apoptosis and barrier dysfunction.
In the healthy young adult or at the beginning of HIV infection, these dying memory CD4+ T cells may be replaced by a constant source or a reservoir of naive CD4+ T cells in the thymus. 
As the infection spreads, the capacity to produce new CD4+ T cells is progressively exhausted.
Even when combination antiretroviral therapy is initiated shortly after infection, levels of these gut memory CD4+ T cells do not return to normal even after years of treatment for HIV.
The underlying cause for this persistent loss of mucosal CD4+ T cells has yet to be fully understood. 
More recently, it has been proposed that initiating early therapy  in adults with acute HIV-1 infection might limit seeding of these key viral reservoirs, and limit the loss of CD4+ T cells in the GALT.

This barrier defect, along with the selective loss of Th17 cells at mucosal sites ,contributes to a process known as microbial translocation

Microbial products including lipopolysaccharide (LPS) breach the disrupted mucosal barrier and activate monocytes via toll-like receptors (TLR). 

Microbial translocation declines during suppressive ART, but does not normalize and continues to be associated with systemic monocyte and T cell activation as well as poor CD4+ T cell recovery in this setting

In more mechanistic work from the SMART study, Sandler and colleagues recently demonstrated that higher plasma levels of the soluble monocyte activation marker sCD14 predicts earlier mortality. Since CD14 is cleaved from the monocyte cell surface upon lipopolysaccharide (LPS)-mediated monocyte activation, this study provided the first evidence potentially linking microbial translocation to mortality in treated HIV infection.

Several published and ongoing clinical trials are investigating targeted approaches to decrease microbial translocation in treated HIV disease. Interventions being explored to decrease microbial translocation in ongoing clinical trials include probiotics, luminally active antibiotics, the luminal anti-inflammatory drugs, and phosphate binders.
Targeted interventions like these will help clarify the extent of persistent immune activation during treated HIV infection that can be explained by microbial translocation.





Biomarkers of Immune Activation: 
The SMART Study—CRP, IL-6, D-dimer

 Time-to-event methods were used to study associations of the 
baseline level of IL-6, hsCRP, and D-dimer with a CVD event

a IL-6 quartiles are <1.10, 1.10-1.76, 1.77-3.01, >3.01 pg/mL.
b hsCRP quartiles are <0.72, 0.72-1.71, 1.72-4.17, >4.17 μg/mL.
c D-dimer quartiles are <0.13, 0.13-0.21, 0.22-0.37, >0.37 μg/mL.

Duprez DA et al. PLoS One. 2012;7(9):e44454.

Quartile 1 (low) Quartile 2 Quartile 3 Quartile 4 (high)
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High levels of biomarkers for inflammation and coagulation are associated 
with increased risk of CVD in HIV-infected patients
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Presentation Notes
The Strategies for Management of Antiretroviral Therapy (SMART): Study Design
The SMART study was a trial of intermittent use of ART, or drug conservation (DC), versus continuous use of ART, or viral suppression (VS), as a strategy to reduce toxicities, including cardiovascular disease risk
A blood sample was available in 5098 participants who were enrolled in the SMART study for the measurement of IL-6, hsCRP, and D-dimer
Adjusted hazard ratios were obtained by considering the following covariates: age, gender, race, ART use, plasma HIV RNA level, CD4 cell count, prior AIDS diagnosis, smoking, BMI, prior CVD, diabetes, hypertension treatment, hyperlipidemia treatment, total/HDL cholesterol, presence of major ECG abnormalities, hepatitis B or C coinfection, and treatment group
Adjusted hazard ratios (95% CI) for CVD for Q4 vs Q1 were: 
IL-6: 4.65 (2.61, 8.29)
hsCRP: 2.10 (1.40, 3.16)
D-dimer: 2.14 (1.38, 3.33)
Key takeaway: Elevated levels of IL-6, hsCRP, and D-dimer are associated with an increased risk of CVD independent of other CVD risk factors in HIV-positive patients

Duprez DA, et al. PLoS One. 2012;7:e44454.




SMART and START Studies: 
Benefit of Immediate/Continuous ART on Disease Risk

Combined analysis of SMART and 
START studies (n=10,157)

AIDS events (n=123)
Serious non-AIDS events (n=244)
CVD (n=103)
Cancer (n=117)
Death (n=118)
AIDS and serious non-AIDS events 
(n=359)
Cancer risk reduction did not vary 
by type of cancer

Immune preservation through 
immediate and continuous ART 
significantly reduces the risk of AIDS 
and non-AIDS events

Borges AH, et al. 24th CROI. Seattle, 2017. Abstract 474.

Hazard Ratio for
Reducing Risk of Events

AIDS

Serious
non-AIDS 

events

CVD

Cancer

Death

AIDS or 
serious non-
AIDS event 0.5         1.0               2.0                    5.0              

10

Favors Immediate 
and

Continuous ART
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Slide:  SMART and START Studies: Benefit of Immediate/Continuous ART on Disease Risk

Borges and colleagues conducted a combined analysis of the SMART and START studies to better estimate the effect of continuous/immediate ART on disease risk. Among 10,157 participants (median age 40 years; 27% female; 51% MSM; median baseline CD4 634 cells/μL; 37% smokers), there were 123 AIDS, 244 serious non-AIDS events, 117 cancers, 103 CVD, 118 deaths, and 359 AIDS or serious non-AIDS events. Nadir median CD4 counts in SMART and START were 250 and 553 cells/μL, respectively.1

Immune preservation through immediate and continuous ART significantly reduces the risk of AIDS and non-AIDS events. Cancer risk reduction did not vary by type of cancer.1

Reference
Borges AH, Neuhaus J, Sharma S, et al. Benefit of continuous/immediate ART on disease risk: SMART & START combined analysis. Program and abstracts from the 24th Conference on Retroviruses and Opportunistic Infections; February 13-16, 2017; Seattle, WA. Abstract 474.




 T-cell activation persists despite viral suppression with ART

Hunt PW et al. J Infect Dis. 2003;187(10):1534-1543. 

Patients with Sustained ART-Induced Viral Suppression had 
Lower levels of T-Cell Activation than Untreated Persons but 

Higher Levels than HIV-Uninfected Cntrols

Presenter
Presentation Notes
Possible talking points:

The vast majority of HIV-infected individuals are co-infected with other chronic viral infections
 Many get worse as a consequence of immunodeficiency during untreated HIV disease
 May continue to contribute to systemic immune activation during treated HIV infection

The most notable of these chronic viral infections is cytomegalovirus (CMV)
Responsible for approximately 10% of the entire circulating memory T cell repertoire in healthy asymptomatic HIV-uninfected CMV-seropositive individuals 
Elicits even higher frequencies of CMV-specific T cell responses in HIV-infected individuals
Higher CMV-specific T cell responses are associated with greater levels of atherosclerosis in this setting

Dr. Hunt: This prompted our group to perform a randomized controlled trial in CMV co-infected individuals with incomplete CD4+ T cell recovery during ART. Eight weeks of therapy resulted in a significant decline in CD8+ T cell activation that persisted for at least 4 weeks after treatment discontinuation. This trial confirmed that CMV is a significant contributor to immune activation in treated HIV disease, though novel anti-CMV agents with fewer toxicities are needed before treating asymptomatic CMV co-infection can be considered a viable strategy for decreasing immune activation in treated HIV infection.

Dr. X: This is the first study to demonstrate that suppressing a root cause of systemic immune activation in the setting of treated HIV infection—in this case CMV replication—can decrease immune activation in this setting.



l Early immune activation after HIV infection has a strong impact 
on subsequent disease progression

Immune activation during early infection 
predicts CD4 cell decline

Time to a CD4+ T-cell count <350 cells/mm3 in 68 recently HIV-
infected adults who did not receive antiretroviral therapy 
immediately after study entry.

Deeks SG et al. Blood. 2004;104(4):942-947.
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Presentation Notes
Possible talking points:

Relevant components of the innate immune response (monocytes, macrophages, dendritic cells etc.)
They lead to recruitment of additional T cells to the site of infection and as a result more cells get infected.
The virus or virus-infected cells then reach the draining lymph node, where they encounter other activated cells that become targets for further infection.
The dendritic cells that bind and carry virus to the draining lymph node help spread the infection further. 

The main cell target during established HIV infection is the CD4+ CCR5+ activated T lymphocytes 
Once activated, they divide rapidly and secrete cytokines that regulate or further assist in the active immune response. 

Large scale activation and apoptosis of other CD4+ T cells

A large-scale depletion of CD4+ T cells in the GALT within the first few weeks of infection. 
Mucosal CD4+ T cells consist predominantly of memory CD4+ T cells that express CCR5 and are therefore an ideal target for viral infection.

Increase in viremia leads to an increase in the levels of cell activation markers such as CD38, acute-phase cytokines such as IL-6, TNFα, soluble markers for monocyte/macrophage activation such as sCD14, and coagulation cascade activation markers such as D-dimer. Many clinical trials have explored or are exploring the predictive value of these biomarkers and their relationship to clinical outcomes in the HIV-infected population. We will talk more about these later on in the presentation.



Theoretical Model: Impact of Nadir CD4 Count on 
the Root Drivers of Immune Activation in Treated 

HIV and Disease Manifestations
• Not all putative root drivers of the 

inflammatory state in treated HIV 
infection are likely to be active in those 
who initiate ART at early disease stages

• Many preferentially drive inflammation in 
distinct anatomic compartments

• Primary source of measured 
abnormalities of systemic immune 
activation markers:

1. Nadir CD4 count at ART start
2. HIV reservoirs in lymphoid tissues 

and, potentially, microbial 
translocation (both do not need 
significant pre-ART immunodeficiency 
to be established)

3. Much greater diversity of sources and 
anatomic sites likely contributes to any 
elevations observed in those with very 
low nadir CD4 count at ART start

Further research needed

Primary Source of Measured 
Abnormalities of Systemic Immune 

Activation Markers Based on Nadir CD 
Count at ART Start

≥500

350

≤200

Adaptive
Immune
Defects

Multiple
Morbidities

CNS, 
Liver,

Metabolic
Diseases

Vascular
Disease

HIV
Reservoir
Lymphoid

Tissue
Microbial

Translocation

HIV in
Tissue,

Myeloid Cells CMV

Nadir
CD4

Hunt PW, et al. J Infect Dis. 2016;214(suppl 2):S44-S50.
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Slide:  Theoretical Model: Impact of Nadir CD4 Count on the Root Drivers of Immune Activation in Treated HIV and Disease Manifestations

A theoretical model for the impact of nadir CD4 cell count on the root drivers of immune activation in treated HIV infection and their disease manifestations is shown. While several putative drivers of persistent immune activation despite ART–mediated viral suppression have been described (ie, HIV reservoirs in T cells and macrophages, microbial translocation, and cytomegalovirus coinfection), not all of them are likely to be active in individuals who initiate ART at high nadir CD4 cell counts (ie, very early disease stages), and many of them preferentially drive inflammation in distinct anatomic compartments. Consequently, both the root drivers of inflammation reflected by systemic biomarker measurements and the disease manifestations induced by inflammation are likely to vary on the basis of nadir CD4 cell count.1

Reference
Hunt PW, Lee SA, Siedner MJ. Immunologic biomarkers, morbidity, and mortality in treated HIV infection. J Infect Dis. 2016;214(suppl 2):S44-S50.
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Other Contributors of Persistent Immune Activation 
in

Treated HIV Infection

Hunt PW, et al. J Infect Dis. 2016;214(suppl 2):S44-S50.

Lifestyle factors
Smoking
Alcohol/drug abuse
Obesity

Coinfections
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Slide:  Other Contributors of Persistent Immune Activation in Treated HIV Infection

Other contributors of persistent immune activation in treated HIV infection include lifestyle factors (eg, smoking, alcohol/drug abuse, obesity) and coinfections.1

Reference
Hunt PW, Lee SA, Siedner MJ. Immunologic biomarkers, morbidity, and mortality in treated HIV infection. J Infect Dis. 2016;214(suppl 2):S44-S50.





AGEhIV Cohort Study: Cigarette Smoking and Immune 
Activation in Treated HIV Patients

Prospective cohort study (n=1042; 
2010-2012)

HIV-infected and uninfected ≥45 
years of age
Male (87%), MSM (72%)
Smokers

Current: 32% (median 15 
cigarettes/day per smoker)
Former: 37%

HIV RNA <200 copies/mL in year 
before enrollment (94%)

Smoking was independently 
associated with :
•higher hsCRP levels 
•lower sCD163 levels 
•(borderline significance for higher 
sCD14 and D-dimer levels
•No differential effect between HIV-infected 
and uninfected persons

Smoking and HIV Status:
Association With Biomarker Levels

in the Highest Quartile (adjusted OR*)

Kooij KW, et al. J Infect Dis. 2016;214:1817-1821.

*Adjusted for age, sex, HCV infection, use of alcohol and recreational 
drugs, and waist to hip ratio.

hsCRP sCD14 sCD16
3

D-
Dime

r
All subjects

Smoking 
status

(ref. never 
smoke)

Former
Current

HIV-positive

1.04
1.57*
1.44*

1.16
1.34†

2.11‡

0.84
0.62*
1.40¶

0.92
1.36†

0.64‡

Current smokers 
only

Cigarette 
smoked

per day (per 
10)

HIV-positive

1.49‡

1.24

1.27†

2.08*

0.78†

1.42

1.30†

0.52¶

*P<0.005; †P<0.05; ‡P≤0.001; ¶P<0.01.
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Slide:  AGEhIV Cohort Study: Cigarette Smoking and Immune Activation in Treated HIV Patients

Kooij and colleagues, on behalf of the AGEhIV cohort, assessed soluble markers of inflammation (high-sensitivity C-reactive protein [hsCRP]), immune activation (soluble [s]CD14 and sCD163), and coagulation (D-dimer) in HIV-infected and uninfected never, former, and current smokers.1

Smoking was independently associated with higher hsCRP levels and lower sCD163 levels and was borderline significantly associated with higher sCD14 and D-dimer levels. We found no evidence of a differential effect of smoking in HIV-infected individuals as compared to uninfected individuals.1

Reference
Kooij KW, Wit FW, Booiman T, et al. Cigarette smoking and inflammation, monocyte activation, and coagulation in HIV-infected individuals receiving antiretroviral therapy, compared with uninfected individuals. J Infect Dis. 2016;214:1817-1821.



Microbiome During Health and HIV

Homeostasis between 
immune system and 

microbiome

Li SX, et al. Clin Pharmacol Ther. 2016;99:600-611.
Lynch SV, et al. N Engl J Med. 2016;375:2369-2379.

Gut microbes could impact HIV 
transmission, which leads to CD4 
cell death and immune depletion, 
and loss of immune regulation of 

gut bacteria (dysbiosis); 
translocation of dysbiotic bacteria 
leads to immune activation and 
further HIV infection of activated 

CD4 cells 

ART suppresses viral 
replication but does not fully 

restore gut immunity; 
dysbiosis is sustained during 

ART and microbial 
translocation continues to 

cause chronic immune 
activation

Restoring to a healthy 
gut may help 

reconstitute gut 
immunity and restore 
immune regulation of 

the microbiome

Healthy 
Gut

HIV 
Infection

ART Gut 
Restoration

Gut 
Homeostasis

Dysbiosis Sustained 
Dysbiosis

Gut 
Homeostasis
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Slide:  Microbiome During Health and HIV

Gut health during HIV infection. 1) A healthy gut is characterized by homeostasis between the immune system and the microbiome. 2) Although the impact of the baseline microbiota on HIV infection is unknown, it is possible that gut microbes could impact (A) transmission, potentially by activating CD41 T cells. (B) HIV infection leads to CD41 T-cell death and immune depletion, and loss of immune regulation of gut bacteria, resulting in a dysbiotic microbiome. (C) Translocation of dysbiotic bacteria leads to (D) immune activation and further HIV infection of activated CD41 T cells. 3) ART suppresses viral replication but does not fully restore gut immunity; dysbiosis is sustained during ART and microbial translocation continues to cause chronic immune activation. 4) A healthy gut may be restored by supplementing ART with pro/prebiotics or diets that encourage growth of beneficial bacteria, and with immunotherapy that could help reconstitute gut immunity and restore immune regulation of the microbiome.1,2

References
Li SX, Armstrong A, Neff CP, Shaffer M, et al. Complexities of gut microbiome dysbiosis in the context of HIV infection and antiretroviral therapy. Clin Pharmacol Ther. 2016;99:600-611. 
Lynch SV, Pedersen O. The human intestinal microbiome in health and disease. N Engl J Med. 2016;375:2369-2379. 



HIV Is Associated With Increased Arterial 
Inflammation 

Subramanian S et al. JAMA. 2012;308(4):379-386.

● HIV+ individuals had signs of increased arterial inflammation, 
compared with noninfected controls with similar cardiac risk factors

● Aortic inflammation in HIV+ individuals was associated with the 
soluble inflammatory marker, sCD163

Arterial inflammation was significantly correlated with 
sCD163 levels

Presenter
Presentation Notes
The Veterans Aging Cohort Study Virtual Cohort (VACS VC) consists of HIV-infected and -uninfected veterans matched 1:2 on age, sex, race/ethnicity, and clinical site. People with available BP data from VACS VC, who were free of cardiovascular disease at baseline, were analyzed. 
HIV, prehypertensive BP, and hypertensive BP were associated with an increased risk of AMI in a cohort of HIV-infected and -uninfected veterans. Future studies should prospectively investigate whether HIV interacts with BP to further increase AMI risk.

FRAM-The Study of Fat Redistribution and Metabolic Change in HIV Infection (FRAM)
 initiated in 2000, investigates the prevalence and correlates of changes in fat distribution, insulin resistance, and dyslipidemia among human immunodeficiency virus (HIV)-infected men and women compared with a population-based group of control men and women.
(LAKE JE, 2011) –(FRAM) HIV-infected individuals are at increased risk for cardiovascular disease (CVD) and lipodystrophy, but the relationship between regional adipose tissue (AT) depots and CVD risk is not well-described.
 The Study determined that peripheral lipoatrophy (as measured by leg subcutaneous adipose tissue) is associated with striking increased CVD risk in HIV- infected patients, even after controlling for visceral adipose tissue.








Figure adapted from: Hsue PY, et al. J infect dis. 2012;205 Suppl 3:S375-382
Currier JS. Top HIV Med 2009;17(3): 98-103.
Post WS, et al. Ann Intern Med. 2014;160:458-467.

HIV: Mechanisms of Atherosclerosis/MI

HIV INFECTION

IMMUNODEFICIENC
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VIRAL 

REPLICATION

CHRONIC IMMUNE ACTIVATION AND INFLAMMATION

VIRAL REACTIVATION

INCREASED 
CLOTTING
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METABOLISM
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ATHEROSCLEROSIS &  MI 

Other HIV-Associated 
Factors:
- Traditional CV risk 

factors (smoking)
- Older HIV therapies
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Why are we seeing more atherosclerosis and MI in HIV? This is a conceptual model explaining mechanisms implicated in atherogenesis and MI in HIV. First, we know 

*3 clicks total



HIV and the Risk of Acute Myocardial Infarction

Freiberg MS et al. JAMA Intern Med. 2013;173(8):614-622.

Age Group
Status <30 30-39 40-49 50-59 60-69 70-79 80-89 >89

Uninfected
N 1,175 6,783 21,866 19,805 4,209 1,120 148 3

AMI rates 
per 1000
person-
years 
(95% CI)

… 0.3
(0.2-0.6)

1.5*
(1.3-1.7)

2.2*
(1.9-2.5)

3.3*
(2.6-4.2)

6.7
(4.8-9.2)

21.5
(12.7-36.4)

…

Infected
N 725 3,848 10,575 9,342 2,065 557 56 0

AMI rates 
per 1000
person-
years 
(95% CI)

… 0.7
(0.4-1.2)

2.0*
(1.6-2.4)

3.9*
(3.3-4.5)

5.0*
(3.8-6.7)

10.0
(6.7-14.7)

13.5
(4.3-42.0)

…

Rates of AMI were significantly higher for HIV-positive vs uninfected veterans across 3 
decades of age

*p<0.05 for HIV-infected vs uninfected veterans.





Imaging Atherosclerosis in 
HIV

Post, W.S., et al. Associations Between HIV Infection and Subclinical Coronary 
Atherosclerosis. Ann Intern Med 2014; 160(7):458-467.

759 men: 2/3 HIV+, 1/3 HIV- controls
- Noncalcified plaque (PR 1.28, CI 1.13-1.45) and coronary 

calcium (PR 1.13, CI 1.04-1.23) both significantly more likely for 
HIV+ patients

Presenter
Presentation Notes
CT coronary angiography has shed light on atherosclerosis development and CVD risk in HIV-infected patients, as it can identify noncalcified as well as calcified plaque. Where this matters clinically is that noncalcified plaques are the ones that tend to be unstable and more likely to rupture, resulting in myocardial infarctions. In a study of over 700 HIV-infected men and uninfected controls, significantly more HIV-infected than uninfected men had non-calcified plaque (63% vs 53%). This remained significant after adjustment for demographics and CAD risk factors.



Summary/Conclusions

 Non-calcified plaque is more prevalent and extensive in HIV-
infected men, suggesting increased risk for cardiovascular 
events.

 Men with more advanced HIV infection, as demonstrated by 
low nadir CD4+ T cell count and a greater number of years on 
HAART have a higher prevalence of clinically significant 
coronary stenosis > 50%.

 Additional studies are needed to identify how best to prevent 
progression of atherosclerosis in this unique population and 
correlation with future events. 

 Although coronary CT angiography is not indicated as a 
screening test in asymptomatic individuals, these results 
emphasize the importance of assessing and modifying 
traditional cardiovascular risk factors in this population, 
especially in men with a history of a low nadir CD4+ T cell 
count.



Biomarkers of Immune Activation: 
sCD163

• CD163 is a scavenger receptor expressed 
exclusively on monocytes/macrophages
• Mediates uptake of hemoglobin-haptoglobin complexes 

for the removal and metabolism of hemoglobin, a potent 
oxidant molecule

• CD163+ macrophages have been identified in 
atherosclerotic lesions

• Soluble CD163 (sCD163) levels are increased in 
association with macrophage proliferation and activation



Biomarkers of Immune Activation: 
sCD163

 sCD163 levels are significantly increased in plasma during chronic and early     
HIV infection1

 sCD163 decrease after receipt of ART, but do not completely “normalize”

Elevated sCD163 levels have been associated with noncalcified coronary plaque and 
neurocognitive impairment in HIV+ persons2,3

sCD163 levels are increased in chronic and early HIV infection and are 
decreased after ART1

1. Burdo TH et al. J Infect Dis. 2011;204(1):154-163.  2. Burdo TH et al. J Infect Dis. 2011;204(8):1227-1236. 3. Burdo TH et al. AIDS. 
2013;27(9):1387-1395.  
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l sCD14
 Correlates with HIV infection and mortality
 Associated with carotid atherosclerosis in HIV-infected 

populations

l Monocyte chemoattractant protein-1 (MCP-1) 
 Associated with HIV infection and carotid 

atherosclerosis in HIV-infected individuals 
 Expression is genetically determined

Sandler NG et al. J Infect Dis 2011; 203: 780-90. 
Kelesidis T et al. J Infect Dis 2012; 206: 1558-67.  
Floris-Moore M et al.  AIDS 2009; 23: 941-9. 
Joven J et al. Clinica Chimica Acta 2006; 368: 114-9. 

Presenter
Presentation Notes
CD14: HIV-infected individuals have been shown to have elevated levels of serum lipopolysaccharide (marker of microbial translocation), and LPS induces systemic activation by binding to CD14+ monocytes/macrophages. This results in the subsequent cleavage of soluble CD14 – serum levels of LPS and sCD14 have been used as biomarkers of monocyte activation 

Sandler: sCD14 associated all cause mortality even after adjusting for CD4 count and viral load
Kelesidis: associated with increased cIMT in HIV-infected individuals

MCP-1: pro-inflammatory chemokine, attracts monocytes into arterial intima where they then differentiate into macrophages and are critical to the development of foam cells. 

Joven: MCP-1 correlates with carotid intima media thickness using carotid ultrasound
Floris Moore: MRI of aorta and carotid arteries to assess atherosclerotic burden; found positive association between HIV viral load and carotid/aortic atherosclerosis; association between MCP-1 and carotid atherosclerosis persisted after adjusting for HIV status and viremia

MCP-1 expression affected by polymorphism –this influences plasma levels of MCP-1 and expression in response to inflammatory stimulus. Ie G allele produce more MCP-1 in response to inflammatory stimulus than A allele. 



Elevated Levels of Monocyte Activation
Markers, soluble CD14 and CD163, are associated with

Subclinical Atherosclerosis in the MACS

Rebeccah A McKibben, Stephen Grinspoon, Xiuhong Li, Frank Palella, 
Lawrence A Kingsley, Mallory D Witt, Todd T Brown, Lisa P 
Jacobson, Matthew Budoff, Wendy S Post

J Infect Dis. 2015 Apr 15;211(8):1219-28. doi: 10.1093/infdis/jiu594. Epub 2014 Oct 30. 
PubMed PMID: 25362192; PubMed Central PMCID: PMC4402336.



Elevated Levels of Monocyte Activation
Markers, soluble CD14 and CD163, are associated with

Subclinical Atherosclerosis in the MACS

Conclusions
l Monocyte activation marker (sCD163, 

sCD14 and MCP-1) levels were higher 
among HIV-infected men, and associated 
with subclinical coronary atherosclerosis. 

l Monocyte activation may contribute to the 
burden of CVD among HIV-infected men 
despite viral suppression.  

J Infect Dis. 2015 Apr 15;211(8):1219-28. doi: 10.1093/infdis/jiu594. Epub 2014 Oct 30. 
PubMed PMID: 25362192; PubMed Central PMCID: PMC4402336.



Developmental Considerations for Reducing Persistent 
Immune Activation in HIV

Potential Investigative Options
Biologics Anti-PD-1 antibodies, anti-IFN-alfa antibodies

TNF inhibitors, IL-6 inhibitors

Enhance T-cell 
renewal

Gamma-chain cytokines (IL-2, IL-7, IL-15), growth hormone

Microbial translocation Rifaximin, sevelamer, prebiotics/probiotics, colostrum

Chemokine receptor 
inhibitor

Maraviroc, cenicriviroc

Anti-fibrotic agents Angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, 
keratinocyte growth factor, pirfenidone

Anti-coagulants Low-dose warfarin, dabigatran, aspirin, clopidogrel

Anti-infective therapy CMV, HCV/HBV, HSV, EBV

Anti-inflammatory 
agents

Chloroquine, hydroxychloroquine
NSAIDs (aspirin, mesalamine, COX-2 inhibitors)
Statins
Minocycline
Methotrexate
Thalidomide, lenalidomide, pentoxifylline

Anti-aging Sirolimus, caloric restriction, omega-3 fatty acids, diet, exercise

Douek DC. Top Antivir Med. 2013;21:128-132.
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Slide:   Developmental Considerations for Reducing Persistent Immune Activation in HIV

There are a number of steps in the processes of underlying persistent immune activation that can serve as therapeutic targets. This table lists therapeutic interventions in development, which include biologics, drugs that may reduce microbial translocation, chemokine receptor inhibitors, anti-fibrotic agents, anti-coagulants, anti-infective therapies, and anti-aging strategies. It seems likely that combination approaches will be necessary to reduce persistent immune activation.1

Reference
Douek DC. Immune activation, HIV persistence, and the cure. Top Antivir Med. 2013;21:128-132.

 



Impact of Aspirin and Statin Use on Inflammation 
and Immune Activation

ACTG A5331
Prospective, double-blind study, healthy HIV adults on suppressive ART (n=113)

Aspirin 100 or 300 mg/day or placebo for 12 weeks

Primary outcome: change in sCD14

Aspirin had no impact on immune activation or endothelial function

Statin use and liver
Dose-dependent reduction in hepatic fibrosis progression in HCV monoinfected patients

Significant protective effect against development of cirrhosis in less severe liver disease (ALT 
<40 IU/L) in HIV/HCV coinfection

Reduced hepatosteatosis in HIV patients with NAFLD

Statin use and renal function
SATURN-HIV

Prospective, double-blind study, healthy HIV adults on suppressive ART with normal lipid levels

Rosuvastatin for 24 weeks reduced plasma cystatin C and slowed kidney function decline

O’Brian MK, et al. 23rd CROI. Boston, 2016. Abstract 44LB.
Simon T, et al. Hepatology. 2016;64:47-57..
Oliver N, et al. AIDS. 2016;30:2469-2476..
Lo J, et al. 23rd CROI. Boston, 2016. Abstract 553.
Longenecker CT, et al. Clin Infect Dis. 2014;59:1148-1156.
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Slide:  Impact of Aspirin and Statin Use on Inflammation and Immune Activation

ACTG A5331 found that aspirin had no impact on immune activation or endothelial function in a healthy HIV adults on suppressive ART (n=113).1
Aspirin 100 or 300 mg/day or placebo for 12 weeks.
Primary outcome: change in sCD14.

Statin use and liver:2-4
Dose-dependent reduction in hepatic fibrosis progression in HCV monoinfected patients.
Significant protective effect against development of cirrhosis in less severe liver disease (ALT <40 IU/L) in HIV/HCV coinfection.
Reduced hepatosteatosis in HIV patients with NAFLD.

Statin use and renal function:5
SATURN-HIV study found rosuvastatin for 24 weeks reduced plasma cystatin C and slowed kidney function decline in healthy HIV adults on suppressive ART with normal lipid levels.

References
O’Brien MK, Kitch D, Hunt PW, et al. Aspirin fails to impact immune activation or endothelial function in treated HIV. Program and abstracts from the 23rd Conference on Retroviruses and Opportunistic Infections; February 22-25, 2016; Boston, MA. Abstract 44LB.
Simon TG, Bonilla H, Yan P, et al. Atorvastatin and fluvastatin are associated with dose-dependent reductions in cirrhosis and hepatocellular carcinoma, among patients with hepatitis C virus: Results from ERCHIVES. Hepatology. 2016;64:47-57.
Oliver NT, Hartman CM, Kramer JR, et al. Statin drugs decrease progression to cirrhosis in HIV/HCV co-infected individuals. AIDS. 2016;30:2469-2476.
Lo J, Lu M, Kim E, et al. Statin therapy reduces liver fat measured by computed tomography in patients with HIV. Program and abstracts from the 23rd Conference on Retroviruses and Opportunistic Infections; February 22-25, 2016; Boston, MA. Abstract 553.
Longenecker CT, Hileman CO, Funderburg NT, et al. Rosuvastatin preserves renal function and lowers cystatin C in hiv-infected subjects on antiretroviral therapy: the SATURN-HIV trial. Clin Infect Dis. 2014;59:1148-1156.



Modulating Immune Activation With Statins
SATURN Trial (cont’d)

 24 weeks of rosuvastatin treatment significantly reduced levels of 
a vascular-specific inflammatory enzyme, Lp-PLA2

 Lp-PLA2 is a predictive marker for primary and recurrent CV 
events in the general population

 Conclusions: 48 weeks of rosuvastatin treatment reduced 
significantly several markers of inflammation and lymphocyte and 
monocyte activation in ART-treated subjects. Whether these 
favorable changes translate to a clinical benefit remains to be 
elucidated. 

Eckard AR et al. J Infect Dis. 2014;209(8):1156-1164.



Inflammation, Immune Activation and Clinical Disease in 
Chronic HIV infection

Conclusions
l Inflammation is bad:
l Many types of immune activation are bad
l HIV-infected persons have more of both 

compared to HIV-uninfected persons, even when 
they are virally suppressed with cART

l It is important to isolate the effects of these from 
other traditional risk factors and HIV itself

l Chronic inflammation and  immune activation are 
contributors to the risk of morbidity and mortality 
in HIV-infected individuals



Inflammation, Immune Activation and 
Clinical Disease in Chronic HIV infection

Conclusions (cont’d)
Paradigm shift: need to go beyond CD4 count, 
viral load, and AIDS-defining conditions to guide 
clinical care and research
Risk assessment for important non-infectious 
comorbidities that are likely driven by excess 
inflammation and immune activation (eg 
cardiovascular disease) should be a part of routine 
HIV care 
Should screening for CVD risk among HIV-infected 
persons include selected biomarker assessment? If 
so, which ones?



Inflammation, Immune Activation and Clinical 
Disease in Chronic HIV infection

Conclusions
l Should interventions aimed at reducing morbidity 

and mortality risk in HIV target inflammation  and 
immune activation? We already know that ASA, 
statins work in the general population to reduce 
CVD events.

l If yes to above, how do we know that 
interventions aimed at reducing biomarker levels 
will also reduce CVD clinical events?
 One currently-enrolling NIH-funded study 

seeking to answer someof these questions: 
REPRIEVE
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