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HIV infection 

Antiretroviral treatment 

Restore Immune function 

Prevent AIDS 
Improve quality of life 

Prolong life 

Most of the research and clinical focus over the 
past 25 years has been on inhibiting HIV replication 



With over 20 drugs and several viable regimens, the 
motivated patient with life-long access to therapy can 
control HIV indefinitely, eliminating the risk for AIDS 

Volberding Lancet 2012 



The major unmet need is getting treatment 

to all in need 

Piot and Quinn, NEJM 2013 

Micek et al., JAIDS 2009 

Gardner et al., CID 2011 

Hall et al., JAMA IM 2013 

The majority 
of people 
globally (> 
20 million) 
are not on 

therapy 



HIV is now a chronic disease requiring 

treatment for many decades, which has 

raised a series of new problems 

• Persistent inflammation/immune dysfunction 

• Subtle but cumulative treatment toxicity 

• Excess co-morbidity (non-AIDS events) 

• Clinical aging 

• Overburdened health care systems not 

designed or resourced to provide chronic 

care 



The problem of persistent 

inflammation during ART 



After adjusting for traditional risk factors, 

inflammatory biomarkers remain elevated during 

long-term ART, although the increase is moderate 

Neuhaus JID 2010 



A single measurement of IL-6 or D-

dimers predicts morbidity or mortality 

over several years 



The problem of co-

morbidities during ART 



Inflammation predicts disease 

in treated HIV infection, as it 

does in the general population 

• Mortality (Kuller, PLoS Med, 2008, Sandler JID 2011, Tien JAIDS 2011) 

• Cardiovascular Disease (Baker, CROI 2013) 

• Lymphoma (Breen, Cancer Epi Bio Prev, 2010) 

• Venous Thromboembolism (Musselwhite, AIDS, 2011) 

• Type II Diabetes (Brown, Diabetes Care, 2010) 

• Cognitive Dysfunction (Burdo AIDS 2012) 

• Frailty (Erlandson, JID 2013) 

 



Incident rate ratio for acute MI by age 

30-39 40-49 50-59 60-69 70-79 

2.2 1.3 1.8 1.5 1.5 

Impact of HIV on risk comparable to traditional risk factors 
including HTN, DM and hyperlipidemia 

Models adjusted for recognized risk factors   



More than 50% of 

HIV-infected adults 

age 55-60 had two 

or more co-

morbidities, higher 

than uninfected 

adults more than a 

decade older 

Peter Reiss and colleagues 



Polypharmacy 

Clinical Aging and 
Geriatric Syndromes 

(frailty/sarcopenia, 
neurocognitive decline) 

Social isolation 

HIV-infected adults have many traditional risk factors for 
frailty and other geriatric syndromes, raising concerns 

that the real burden of disease will only become 
apparent late in life  

Chang et al., Archives of Gerontology and Geriatrics, 2012 



Frailty-like syndrome occurs earlier in HIV 
disease (predicted by CD4 nadir) 

 

Frail state is associated with elevated levels of 
immune activation 



1 in 8 HIV-infected in Africa are over age of 50 
 

Rates of co-morbidities higher in Botswana than US 
 

Community-based chronic care delivery models will 
be needed to address changing needs 



Can inflammation, multi-

morbidity and “premature” 

aging be reversed or 

prevented? 



Inflammation 
↑ Monocyte activation 

↑ T cell activation 
Dyslipidemia 

Hypercoagulation 

Microbial 

translocation 

HIV-associated fat 

Metabolic syndrome 
HIV production 

HIV replication 

CMV 

Excess pathogens 

Loss of regulatory 

cells 

Co-morbidities 
Aging 



Therapeutic Options in Development 

• Chemokine receptor inhibitors: 

maraviroc, TB-652 

• Anti-infective therapy: CMV, 

EBV, HSV, HCV/HBV 

• Microbial translocation: 

sevelamer, colostrum, rifaximin, 

pre-biotics, probiotics, 

isotrentinoin 

• Enhance T cell renewal: growth 

hormone, IL-7 

• Anti-fibrotic drugs: perfenidone, 

ACE inhibitors, ARBs 

• Anti-aging: caloric restriction, 

sirtuin activators, vitamin D, 

omega-3 fatty acids, sirolimus, 

diet, exercise 

 

• Anti-inflammatory drugs 

– Chloroquine, 

hydroxychloroquine 

– Minocycline 

– NSAIDs (COX-2 inhibitors), 

aspirin 

– Statins 

– Methotrexate (low-dose; CIRT)  

– Talidomide, lenalidomide, 

pentoxyfylin 

– Biologics (e.g., TNF inibitors, 

IL-6 inhibitors, anti-INF-alpha) 

• Anti-coagulants: low dose 

warfarin, dabigatran, aspirin, 

clopidogrel 



Early ART is associated with less 

inflammation during ART 
Will this result in benefit? 

ART-naïve with CD4+ count > 500 cells/mm3 

Early ART Group 
 

Initiate ART immediately  

 

 

N=2,300 

Deferred ART Group 
 

Defer ART until the CD4+ count 

declines to < 350 cells/mm3 

 

N=2,300 

START



Healthy aging 
requires aggressive 

risk factor 
management (in 

middle age), exercise 
and diet 



Can a cure address many 

limitations of ART, including 

chronic inflammation, excess 

co-morbidities and 

overwhelmed health care 

systems? 



Although the barriers are real, 

there are reasons to be optimistic a cure will 

be possible 
• Hematopoietic stem cell transplant from CCR5-delta 

32 donor (the “Berlin Patient”) (Huetter, NEJM, 2009) 

• Early therapy in an infant (Persaud, CROI 2013) 

• Early and prolonged therapy results in “functional 

cure” (VISCONTI, PLoS Pathogens 2013) 

• Allogeneic stem cell transplant under ART may be 

curative (Henrich, IAS 2013) 

• Dendritic cell vaccines may be curative (Argos, IAS 

2013) 

• Latency can be reversed therapeutically (Arch Nature 

2012; Lewin CROI 2013, Tolstrup IAS 2013) 

 



 

The  

Global Scientific Strategy  

“Towards an HIV Cure”  
  

www.iasociety.org 

Towards an HIV cure: a global scientific strategy 

Nature Rev. Immunol. 18 Jul 2012 

 



HIV Infection 

Antiretroviral Treatment 

Testing, linkage to 
care, retention in care 

Immune Dysfunction/Inflammation Treatment Toxicity 

Anti-inflammatory 
drugs 
Immune-boosting 
drugs 

Overburdened Health Care  
Delivery Systems 

Non-AIDS Morbidity 
Aging 

Aggressive 
preventative medicine 

Healthy aging 

Operational research 
Chronic Care Model 

Research and clinical priorities in and era of “complete “ viral 
suppression: Test and treat, reduce inflammation, insure 

healthy aging, and provide chronic care until there is a cure 
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