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52 year old HIV+/HCV+ 

man presents with 

symptomatic disease and a 

CD4+ T cell count of 

approximately 100 

cells/mm3.  The patient 

initiates TNF/FTC/EFV and 

achieves durable viral 

suppression. 
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Immunologic Failure: Definition 

• No CD4+ T cell gains (flat “slope”) 

• Persistent CD4+ T cell count below some 

threshold 

– 350 cells/mm3  

– 500 cells/mm3 

– 800 cells/mm3 

• High level immune activation/inflamation 

• Vaccine unresponsiveness 
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Limitations: Biology associated with low CD4+ T cells on early 

HAART (most of whom will eventually reconstitute an effective 

immune system) may prove to be different than long-term 

immunologic non-responders  

 Kelley CF, CID ‘09 
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CD4 count at start of HAART, 2003-2005 

Egger M, et al. CROI 2007. Abstract 62. 

Data from 42 countries, 176 sites; n=33,008 

Since 2000, CD4+ cell count at initiation has increased in Sub-Saharan Africa 
from 50 to 100 cells/mm3; in developed countries it has remained ~150–200 
cells/mm3  



What are the clinical 

implications of 

immunologic failure? 



Phillips A . CROI 2008. Abstract 8. 

Risk of Death due to Non-AIDS causes 

(cancer, CVD, others) is predicted in part by 

proximal CD4 on therapy 
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Survival of Patients with CD4 Counts ≥ 500 for >5 

Years is Similar to the General Population 

Lewden C, et al. J Acquir Immune Defic Syndr. 2007;46:72–77. 

Duration of  

Follow-up with CD4  > 

500 cells/mm3 (Yrs) 

N 
Deaths 

n 

Standardized  

Mortality Ratio 

(95% CI) 

0 1208 37 2.5 (1.8-3.5) 

1 1156 29 2.1 (1.4-3.1) 

2 1083 26 2.2 (1.4-3.2) 

3 1031 22 2.1 (1.3-3.2) 

4 967 18 2.1 (1.3-3.4) 

5 864 12 1.9 (1.0-3.2) 

6 763 2 0.5 (0.1-1.6) 

7 610 1 0.5 (0.0-2.6) 

Standardized Mortality Ratio = Mortality in HIV-infected patients / Mortality in General Population 



Low CD4 on therapy predicts risk of AIDS and 
more importantly the risk of non-AIDS events 

(D:A:D) 

See also: Weber R, et al. Arch Intern Med. 2006;166:1632-1641. Philips AN, et al. AIDS. 2008;22::2409-2418. 
Baker JV, et al. AIDS. 2008;22:841-848. 
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Weber R, et al. CROI 2005. Abstract 595. 



What are mechanisms 

of immunologic failure? 



Multiple immunologic abnormalities are 

observed in immunologic failure 

• Reduced thymic function 

• Increased fibrosis in lymph nodes 

• Loss of gut mucosal integrity 

• Reduced T cell proliferation 

• Reduced naïve T cells  

• Increased T cell activation (CD38, HLA-DR)  

• Increased T cell dysfunction (PD-1) 

• Increased inflammatory biomarkers  

• Elevated pro-coagulant state 

• Dramatic expansion of CMV-specific cells 

• Increased T cell dysfunction (PD-1) 

• Higher proviral DNA 



What are the 

therapeutic approaches 

for immunologic 

failure? 



A mechanistic rationale for starting 

therapy as early as possible 

• Untreated HIV disease is associated with 

increased T cell activation/inflammation and 

these markers predict disease 

• Treatment dramatically reduces but does not 

normalize levels inflammation 

– Inflammation on HAART predicts disease 

• The degree of residual inflammation during 

HAART is determined in part by CD4 nadir 

(strong effect < 200, less clear effect > 350) 



Risk factor modification 

Diet 

Exercise 

Statins, aspirin 

Vitamin D 





TDF =Tenofovir Disoproxil Fumarate  ddl = didanosine;  NVP = nevirapine;  EFV = efavirenz . 

Negredo E et al. AIDS. 2004;18(3):459-463;  Barreiro P et al. J Antimicro Chem. 2006; 57(5):806-809. 

ddI+TDF Causes CD4+ Decline 

ddl + TDF + NVP 

ddl + TDF + EFV 

ddl + TDF + LPV/r 

ddl 250 + TDF 

Switch to TDF+ddI 
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HCV Associated with Blunted 

CD4 Gains During HAART 

Greub G et al.  Lancet, 2000; 356(9244): 1800-5 
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Riddler SA et al. N Engl J Med. 2008;358(20):2095-2106. 

VL<50 at Week 96 Δ CD4 at Week 96 

Improved CD4 Recovery with boosted PIs 
ACTG 5142 
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MVC = maraviroc; CBV = combivir 
Saag M et al. 4th Annual IAS Meeting. Sydney, Australia: July 22-25, 2007. Abstract WESS104  

MERIT Study – 48 Weeks  

Time (weeks) 

EFV + CBV 

MVC + CBV 
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142 cells/mm3 

169 cells/mm3 

        n = 331 346 348 348 348 348 348 348 348 348  

        n = 336 350 351 352 352 352 352 352 352 352 

MERIT: MVC associated with ↑ CD4 recovery 

than EFV despite worse VL response 





• Randomized, 

double-blind study 

of oligosaccharide 

(designed to modify 

intestinal microbiota 

toward “beneficial” 

bacteria) 

• Reduced sCD14, 

activated CD25+ 

CD4+ T cells 



• 75 treated subjects 

(immunologic 

failure) 

• 4 arms: RTG 

intensification, 

bovine colostrum 

• No effects on CD4, 

activation, sCD14, 

LPS, HIV RNA 



Atorvostatin 

80mg 

Placebo 

• 24 untreated 

subjects; cross-over 

• Significant 

reduction in HLA-

DR on CD8+ T cells 

• No effect on plasma 

HIV RNA levels 



• 27 untreated 

subjects, 12 weeks 

celecoxib vs. 

placebo. 

• Reduced CD4+ and 

CD8+ T cell 

activation; reduced 

PD-1 expression 



-4.4% 

HIV- 

Median 



P<.05 GH vs no GH. 

Napolitano LA et al. J Clin Invest. 2008; 118(3):1085-1098. 

Growth Hormone Increases CD4 Counts 
↑ Thymic Production of Naïve T Cells 
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 IL-7 Also Increases CD4+ Counts 

(Median % Increase From Baseline) 

Friedman test 

P<.0001 at 3 µg/kg 

P<.0001 at 10 µg/kg 

SC IL-7 
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ESPIRIT: Despite causing sustained CD4 

gains, IL-2 does not provide clinical benefit 

Slide #33 

Abrams et al; NEJM 2009 



• Immunoloigc failure (defined based on CD4+ T cell 
counts, inflammation and immune dysfunction) is largely 
predicted by CD4+ T cell count nadir, as well as age 

• Consistent increased risk of non-AIDS events and 
mortality 

• The phenotypic and functional characteristics of T cells 
during long-term HAART share many similarities with that 
seen in the very old 

• Prevented by starting therapy early 

• Traditional approaches to risk reduction seem warranted 
(exercise, diet, weight loss) 

• Multiple experimental studies are in progress 

• Regulatory pathway unclear 

Conclusions 


