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Why can’t ART cure HIV? The viral reservoir
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HIV reservoir sites

HIV infects CD4+ cells

Some become 
resting memory cells; 
‘reservoir’

Dormant memory T cells in 
lymph nodes and blood2

Macrophages and 
dendritic cells in various 

tissues (especially in 
lymph nodes, gut and 

central nervous system)2

Major reservoirs



Research into HIV cure has intensified

Data on the safety aspects of HIV cure strategies are limited1

1. Dubé K. Trends Microbiol. 2014 Oct;22(10):547-9



Kick and kill



Potential CNS risks of ‘kick and kill’
1. Direct neuronal injury:

• Viral rebound releasing viral proteins which are neurotoxic
• LRA toxicities

2. Indirect neuronal injury:
• CNS IRIS, CD8+ mediated encephalitis

• Following HIV vaccines which may modify immune responses
• Inflammation & immune activation

• Following viral rebound or HIV vaccines 
3. Removal of cells with crucial function
4. Reversal of other integrated viruses in a resting phase



• NFL maintains structure of axons

• Sensitive and dynamic biomarker of active 
neuroaxonal damage in the CNS 

• Elevated concentrations are reported in a 
variety of neurodegenerative conditions 
including HIV

CSF Neurofilament Light Chain protein (NFL)



• Highly sensitive assay measuring plasma 
NFL has recently been developed

• Strongly correlates with CSF NFL

• Removes the barriers of repeated CSF 
sampling

• Allows more frequent measurements

Plasma neurofilament light chain (NFL) 

Gisslen M et al, EBioMedicine 2015 Nov 22;3:135-140.



Investigating the impact of kick and kill on neuronal injury

Following ≥ 22 
weeks ART

Continue ART 
alone

ART + vaccination 
+ vorinostat
(ART+V+V)

0 8 12 18
Weeks

Vorinostat

0 8 12 18
Weeks

Vaccination



Methods

Statistical analyses:
•Differences between study arms at each time point
•Changes over time
•Correlations
•Associations with baseline clinical parameters

Marker measured Method Timepoints
Week 0

(at randomisation, 
≥22 weeks cART)

Week 12
(following completion 

vaccination and vorinostat)

Week 18

Plasma NFL Simoa digital 
immunoassay 

✓ ✓ ✓

Ultra-sensitive HIV 
RNA

Single-copy assay ✓ ✓ ✓



Results: Baseline demographics
Parameter, median (IQR) or total (%) n = 58
Age 32 (28 – 40)
Ethnicity
- White
- Black
- Asian or Hispanic
- Mixed or Other

40 (69)
4 (7)
7 (12)
7 (12)

Mode of HIV acquisition
- Sex between men
- Heterosexual sex
- Unknown

53 (91)
2(3)
3(5)

Weeks since PHI diagnosis 28 (27 – 37)



Longitudinal changes in plasma NFL



No significant difference in plasma NFL by study arm
Study week Week 0

(At randomisation)
Week 12

(Following completion of V+V)
Week 18

Plasma NFL, 
pg/mL1

ART 7.4 (6.5-8.4) 8.0 (6.6-9.7) 7.1 (6.2-8.0)
ART+V+V 6.4 (5.4-7.6) 6.9 (5.8-8.1) 6.8 (5.7-8.1)
P value 0.160 0.218 0.742

Ultra-sensitive 
HIV RNA, 
copies/mL2

ART 16.5 (3 – 30) 9 (1 – 14) 5.5 (1 – 20)
ART+V+V 13 (5 – 23) 5 (1 – 9) 6 (1 – 14)
P value 0.56 0.21 0.81

1 Geometric mean (95% CI)
2 Median (IQR)



Plasma NFL: Correlations and associations
• Ultra-sensitive HIV RNA:

– No sig. correlation with plasma NFL seen

• Baseline log10 plasma NFL was associated only with older age (0.01 increase per year of 
age, p = 0.004) in multivariate analyses

– Not associated with ethnicity, duration from seroconversion, mode of HIV acquisition, 
CD4+ count



Conclusions
• Using plasma NFL as a surrogate marker, we saw no evidence of neuro-axonal 

injury following ART+V+V in the RIVER trial

• Possible reasons for the unchanged plasma NFL concentrations seen:
– Lack of effect of the intervention on viral transcription in the plasma and on 

the HIV reservoir in circulating CD4+ T cells
– Intervention may not have entered the CNS
– Plasma NFL not sufficiently sensitive
– Did not capture the neuronal injury episode (measured too early or too late)

Monitoring for CNS adverse events in HIV cure research remains important



Further results being presented at IAS, July 2019
• HIV-specific CD4+ and CD8+ T cell responses in RIVER
• Correlations with plasma NFL and HIV RNA

• Monday 22nd July: 12:30pm
• Abstract number: MOPEB274

6/21/2019Add a footer16
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Extra slides



Clinically undetectable viraemia in the absence of ART

Sterilising Cure

“INFECTIOUS DISEASE” MODEL
• The ‘Berlin’ patient
• Aviraemia; no transmission 
• No replication competent virus
• No detectable HIV-infected cells

‘Functional’ Cure 

“CANCER” MODEL
• No disease progression
• No CD4 cell loss
• No transmission
• But…no agreed duration



ART alone cannot cure HIV



HIV cure strategies currently being trialled:
Comparison of different strategies for curing HIV
Approach Summary Cost Scalability Successes Comments

Genetic Altering host genome to resist 
HIV

$$$  Berlin patient Unlikely to be a 
global cure

Kick and kill Stimulate HIV expression from 
reservoir, then clearance of HIV 
expressing cells

$  HIV expression from 
reservoir induced using 
HDACi

2 step approach

Immune
based

Alter immune system to clear 
infected cells

$ ?? SIV clearance in 
Rhesus macaques

May need reservoir 
stimulation for cure

Early 
treatment

Start ART in acute infection $  Post-treatment 
controllers

Won’t help those 
with chronic 
infection

ART: antiretroviral treatment; HDACi: histone deacetylase inhibitors

Adapted from Pace M, et al. Expert Rev Anti Infect Ther. 2014 Jul;12(7):783-91  



CSF NFL 

Figure 2: CSF NFL in HIV-positive subjects and HIV-negative controlsFigure 1: CSF NFL vs age in HIV-negative controls
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