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Natural History of HIV-1 Infection

Months Years after onset of HIV Infection
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Patterns of HIV Disease Progression
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Disease progression
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SMART Study

CDA4+ cell count >350 cells/mm?
N= 5,472

/\

n =2,752 n=2720

Virologic Suppression
(VS) Strategy

[Continuous use of ART to
maintain viral load as low as
possible]

Findings (11 Jan 06): 167 primary endpoints, 16 months
average follow-up, 1.5% lost to follow-up
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Main SMART Findings : Primary Endpoint (OD/Death)

Opportunistic

2.6

disease or death 167 3.3 1.3 o
(OD/death)

« OD (fatal or non-fatal) 95 21 0.6 ——
* Non-OD deaths 72 1.3 0.7 ——

0.1 1 10

Favors VS p



SMART subset analyses

A subset of SMART participants not on ART at
baseline were examined; this analysis further
iInformed the design of START

Patients not on ART at baseline (n=477)

/\

Virologic Suppression Drug Conservation
(VS) Strategy (DC) Strategy
Immediate ART (n=249) Deferred ART

- until CD4+ < 250 (n=228)

©@START (1pight



SMART subset

No. Events (rate per 100 person years)

Deferred Immediate HR HR and 95% ClI p-value
ART ART (Def/Imm)
OD/Death
Overall 15 (4-8) 4(1-1) 4.4 0-009
ART naive 4(2:7) 1(0-5) 53 o » 0-13
Off ART 11 (6-8) 3(1-6) 3.7 — » 005
oD ° »
Overall 11 (3-5) 3 (0-8) 4.4 0-02
- »
ART naive 3(2-0) 1(0-5) 4-1 0-22
—0- »
Off ART 8 (4-9) 2(1-1) 4-1 . > 0-07
Serious Non-AIDS
Overall 12 (3-9) 2 (0-5) 7-1 — e » 001
ART naive 4(2-8) 1(0-5) 5-1 —& » 015
Off ART 8 (4-9) 1(0-5) 8-4 ) 004
Composite
Overall 21 (7-0) 5(1-3) 51 *— 0.001
. ® »
ART naive 7 (4-9) 2(1-0) 4-6 0-06
® »
Off ART 14 (9-0) 3(1-6) 50 . 0-01

1 1

0.1 =
©START SMART Study group. JID 2008 Favours deferred Favo@lg ht
14

ART immediate



Assoclation between current CD4 count
and risk of non-AIDS malignancy

(Adjusted hazard ratio per 100 cell higher current CD4 count)

Number Includes
of events non-fatal

FIRST £ Ve
255 No
DAD
46 No
CASCADE
49 Yes
SMART

0.6 0.7 0.8 0.9 I TT 1.2 1312 I5 16
©START (11pight
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Assoclation between current CD4 count
and risk of renal disease / death

(Adjusted hazard ratio per 100 cell higher current CD4 count)
Number Includes

of events non-fatal

FIRST 14 Yes
27 No
DAD
18 Yes
« SMART
0.4 0.5 06 07 08 09 1.0 1.2 15
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Associlation between current CD4 count
and risk of CVD events / death

(Adjusted hazard ratio per 100 cell higher current CD4 count) Number Includes

of events non-fatal

24 Yes
FIRST

855 Yes

— DAD

36 No
CASCADE

145 Yes

e SMART

0.6 0.7 0.8 09 10 11 12 1314 15 16
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When should antiretroviral
therapy be Initiated?

Early ART

Deferred ART

Reduce risk of
death/AIDS/serious

Preserve drugs for use
when needed

PROS non-AlIDS
Reduce HIV Reduce costs
transmission
_ Higher risk of AIDS/non-
Increased side effects AIDS events/death
CONS Increased HIV

©START
18

Limit future options

Increased costs

transmission

(1pight



START design

HIV-infected individuals who are ART-naive
with CD4+ count > 500 cells/mm?3

Early ART Group Deferred ART Group
Initiate ART immediately Defer ART until the CD4+ count
following randomization declines to < 350 cells/mm?3 or

AIDS develops

N=450 in pilot phase and N=450 in pilot phase and
estimated as N=2,000 for estimated as N=2,000 for
definitive trial definitive trial

©START (13ight



Imperial College

BHIVA guidelines

Table 2 Recommendations for when to initiate therapy

Presentation

Established HIV infection

CD4 <200 cells/pL Treat
CD4 201-350 cells/uL Treat as soon as possible when patient ready
CD4 351-500 cells/uL Treat in specific situations with higher risk of
clinical events - see section 3.3
CD4 > 500 cells/uL Consider enrolment into ‘when to
start’ trial
AIDS diagnosis Treat (except for tuberculosis

when CD4 > 350 cells/uL)
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HIV lifecycle in CD4+ cell

ds DNA SO
/ rase Genomic RNA -
5 ®

Polyprotein,
Protein
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HIV lifecycle in CD4+ cell

Protease Inhibitors

RT Inhibitors ATV, DRV, SQV, RTV, IDV, NFV, AMP, LPV/rtv
NRTI: AZT, ddl, ' \\
ddC, d4T, 3TC, ABC p, RO )
NNRTI: NVP, DLV, EF\k ’ \ "
NTRTI: Tenofovir / s DNA \O.
2 !

HIV

29

9

gG’QF Q|

s ?E;(‘i\‘ RNA  TraiSCHPHBY
T Qé{)

Entry Inhibitors\\'
CXCRA4: N, Integrase
CCRS5: Maraviroc \ Inhibitors

Fusion gp41: T20 \ - =~ raltegravir
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History

AZT - anti cancer drug developed in
1960’s

In HIV acts as analogue for thymidine
in growing pro-viral DNA chain

Early placebo controlled trial showed
markedly reduced mortality in
treatment arm
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AZT monotherapy

About 145 patients in each group

(placebo vs. AZT)
24 weeks

P=<0.0001

507

40 1

301

201

10+

(1) |

Death

B AZT
Bl Placebo
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Resistance

HIV replicates rapidly - 101! viral particles
produced each day

Error prone reproduction - Drug resistant
mutants have no advantage - less “fit”

Drug pressure selects out and creates mutants

Good viral suppression with little replication -
less chance to produce mutants
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Triple therapy

1996 - introduction of two new potent classes of
drugs

e PIs and NNRTIs, suppression of viral load to
low levels

Trials of PI based therapy shows reduction in
mortality at 24 weeks

eNo more placebo controlled trials

e Surrogate marker (i.e. CD4/Viral load),
cohort studies
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Rational drug design

Protease enzyme
structure established

Protease inhibitors
designed to block
enzyme
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Currently licensed antiretrovirals

NRTI NNRTI Protease | Integrase | Entry |
abacavir efavirenz

didanosine nevirapine

emtricitabine etravirine

lamivudine rilprivirine

stavudine

zidovudine

tenofovir
NRTI FDC PlI FDC
Combivir ® zidovudine / lamivudine
Kivexa ® abacavir / lamivudine Cross class FDC
Trizivir ® zidovudine / lamivudine / abacavir
Truvada ® tenofovir / emtricitabine




ESPRIT— Study Design

Patients taking ART with CD4+ counts = 300/uL

/\

N= 2071

N = 2040

IL-2
ART plus:

« 3cycles of IL-2 (7.5 MIU twice
daily for 5 days, 8 wks apart)

« additional cycles to maintain goal

Control

ART without |L-2

(2x baseline or =2 1000 CD4+ cells)

Plan: 320 primary events
Closuredate 15 Nov 2008
323 primary events observed
Median follow-up = 7 years




Median CD4+ During Follow-up

800

700 1 P P

600 -

400 - - C ontrol
2 300 -

Time spent IL-2 Control i
| =4 vg Difference:
200 1 <300 cells b 9% 160 cells, p<.001
100 4 >g600cells 57%  36%
0 ] ] ] | ] | | 1 | | | 1 1 1 1 | | | | | |

No. pts

-2 2071 1846 1828 1797 1757 1721 1410 878
Control: 2040 1928 1861 1803 1739 1648 1350 824




Percent with HIV-RNA =< 500 Copies/ml

100
90 - T ———
'8(,_.'__..____..__‘g—-———ssnz:—
70 -
E 60 - N . ,
4 ] ewART drugs started during follow-up:
] i median (IQR)
a 40 -
30 - |IL-2  Control —IL-2
20 - 2(14) 2(14) -~ Control
10 -
0 1 2 K 4 5 6 7
P Year
IL-2 2065 1943 1864 1827 1770 1735 1418 889

Control: 2036 1921 1856 1791 1724 1643 1350 821

e (iaht




Primary Endpoint

Opportunistic Disease or Death

IL-2 Control
No. Rate* No. Rate* HR (95% Cl)  p-value

158 113 165 121 093(0.75,1.16) .52

Predicted HR based on CD4+ difference = 0.74

* rate per 100 person years



Other Major Endpoints

) Patients with Events HR
Endpoints IL-2 Control  (95%Cl)
Death 107 116 —e—  0.90
Serious Non-AIDS 188 185 ¢ 0.99
Grade 4 Event 466 383 - 1.23

p=.003

0.1

1

<« Favors |L-2 Favors Control
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Adherence

Figure 1: Virologic Qutcomes By Adharence Lavel
% HIV RMNA 5] copies/mL

o HIV RMA 30
<50 copiesimb
4{

J 100%
[ 50-99%
] 0-79%

a0

20

104

Marith 1 Mcrith 4 Moanth 8 Month 12
(n=1074)  (n=922)  {n=634) (n=531)

F<«.005 at months 4, 8, 12
Adapted from Friedland, et al. Abstract 33,

Adherence support - specialist nurses and pharmacist advice

BD or OD regimens likely to be preferable
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Trends in HIV Viral load UK CHIC 2000-2006

100
E":I | - { _ H
80 - A { ][ —a—VL<50
A - copiesimi,
‘E 0] _w—u"" obsened
E_ 601 —s—L=50
copiesimi,
E 50 - modelled
"E A0 —h— CD2=200
2 cellsmm,
o 30 - obsened
o
—a —— CD4=200
20 7 e B cells/mm,
_--H___-.__ ] mmabj
10 1 A H {—H
|:| I I 1
2000 2002 2004 ED'EIE ED[]E- 2[]1 0 2'2'12

Year under follow up

Bansi L et al. HIV Medicine 2010; 11: 432-438.
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30% modify antiretroviral therapy in the first year,
the SHCS 2005-2008

n=15,192
Swiss HIV Cohort
Study

4
n=1318
Started cART
between 2005-

2008
F— - =
n=391 (30%) n=927 (70%)
Treatment No treatment
modification modification
within the first year

¥ ¥
n=94 (24%) n=297 (76%)
Discontinued Switched to a new
treatment for regimen within
>4 weeks 4 weeks

Elzi L et al and the Swiss HIV Cohort Study, EACS 2009
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Side effects

NRTI NtRTI
abacavir tenofovir
didanosine
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Individual Drug toxicities
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Side effects

NRTI NtRTI
abacavir tenofovir
didanosine

emtricitabine
lamivudine
stavudine

zidovudine

Mitochondrial Toxicity
Lipoatrophy
Individual Drug toxicities

Mitochondrial Toxicity

zidovudine — anaemia

stavudine — peripheral neuropathy

didanosine — pancreatitis, peripheral neuropathy
lamivudine — well tolerated

tenofovir — ? renal toxicity

Lactic acidosis
e stavudine and didanosine
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Side effects

Lipoatroph
NRTI NtRTI poatropny
abacavir tenofovir
didanosine

emtricitabine
lamivudine
stavudine

zidovudine

Mitochondrial Toxicity
Lipoatrophy
Individual Drug toxicities
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Side effects

Lipoatroph
NRTI NtRTI P Py
abacavir tenofovir HALF PROCEDURE DONE
didanosine

emtricitabine
lamivudine
stavudine

zidovudine

Mitochondrial Toxicity
Lipoatrophy
Individual Drug toxicities

PHOTO CREDIT:
CARRUTHERS.NET
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Side effects

NRTI NtRTI

abacavir tenofovir
didanosine

emtricitabine

lamivudine

stavudine

zidovudine

Mitochondrial Toxicity
Lipoatrophy
Individual Drug toxicities

Individual drug toxicity

Abacavir hypersensitivity
4% caucasians have genetic hypersensitivty

Rechallenge with drug may be fatal

HLA-B57 01

Abacavir (Ziagen) tablet is yellow, capsule-shaped,

film-coated and imprinted with “GX623” on one side.
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Side effects

NNRTI

Nevirapine — allergic rash and
hepatitis/Stevens-Johnson syndrome

 Worse in immune
competant(HCWSs)

Efavirenz — Insomnia, vivid dreams,
psychosis, rash.



Imperial College
London

Protease problems

Pl

Metabolic
* Hyperlipidaemia
* Hyperglycaemia
* Body fat accumulation

Specific
e indinavir — renal stones
e atazanavir — scleral icterus
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Protease inhibitors

Metabolised via CYP 3A4

Pl

‘ higher levels increase risk of side effects

s~ ~ — pealk levels

e F]

I.'I-'-"'--lﬂ-
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Drug Levels

- A
trough levels ——pgd

lovwy levels increase risle of resistance

|12 24
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T20 - fusion inhibitor

FI

Structure of GP41 defined

GP41 blocking agent designed

Used in patients with resistance to all current classes
» Twice daily, subcutaneous injection
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Side effects

Injection site reactions

FI
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Side effects

NRTI NtRTI

NNRTI PI

Mitochondrial
toxicity

Lipoatrophy

General problems:

*Drug-drug interactions
advantageous / disadvantageous / disastrous

. : me to the

www. hiv-druginteractions.org
website

FI

- THE UNIVERSITY
=XE= of LIVERPOOL
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Combination therapy

15t line therapy

 abacavir 600 mg daily
* lamivudine 300 mg daily
« efavirenz 600 mg daily

O 2 4 6 8 10 12 14

16 18 20 22 24
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Combination therapy

Later therapy
* Truvada one table daily
 darunavir 800 mg twice daily
* ritonavir 100 mg twice daily
* raltegravir 400 mg twice daily

Raltegravir (Isentress) < Raltegravir (Isentress)
Tablet Tablet

O 2 4 6 8 10 12 14 16 18 20 22 24
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Cause of Death

100% -

Proportion
on
o
=S

0% 1 T .
1984-1995 1996-2004 2005-2009 Swiss

Years of death of HIV+ persons
versus Swiss population

M Rubbik et al CROI 2011 Abstract 789

W AIDS

@ Non-AlIDS malignancy
[1Non-AIDS infection
M Liver

M Heart

ICNS

H Kidney

I Intestine/pancreas
[ Lung

W Suicide

W Substance use

[J Accident/homicide
H Other

[ Unknown
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Figure 2: Estimated number of people living with HIV (both diagnosed and undiagnosed)
— in the United Kingdom: 2010

20000 -
£9.400 Total with HIV = 91,500 (85,400-99,000)
700004 - diagnosed = 69,250 (67,800-70,800)
undiagnosed = 22,200 (16,350-29,650)
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Figure 6: Late diagnosis of HIV infection by exposure group: United Kingdom, 2010

70% -
63% B CD4 <350

B CD4 <200
60% - 58%

50%

50% -+

40% A

30% +

Proportion diagnosed late’

20% 4

10% 4

0% -
MSM Heterosexual men Heterosexual women Owerall

Exposure group

1 within three months of diagnosis
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Late diagnosis

High morbidity and mortality

Immune reconstitution disease
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Immune reconstitution disease
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Immune reconstitution disease

October 24 ' October 26
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