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HIV RNA assessments ¢ Finally, for a model-independent assessment of the effect of enfuvirtide, HIV RNA decay Table 5. Best-fit parameter estimates for the one-phase model
In Oductlon . . . we compared the drop in the viral load of each patient between days 2 ) (mean+SD)
¢ HIV RNA assessments were made at screening visit (day -7), baseline and 8 (approximating the first phase), between days 8 and 28 e Two examples of the best-fit curves generated from the two-phase and ~
The decay of plasma HIV RNA that follows the initiation of potent antiretroviral (day 0), days 2, 4, 6, 8 and 10, and weeks 2, 3, 4, 6, 8, 10 and 12, and at (approximating the second phase) anyd between days 2 and 28 (overall one-phase models are shown in Figure 3. ] 2-target group | 3-target group P-value
(ARV) treatment in HIV-infected patients is characterized by a biphasic decline. 12-weekly intervals thereafter until the end of the study (Figure 2). ) ¢ LR
The initial rapid first-phase decay of plasma viraemia is believed to be due e HIV RNA was measured using a modified Roche Amplicor HIV-1 Monitor® Figure 3.  Sample best-fit curves (two-phase and one-phase models) 8 (day™) 0.62+0.34 0.510.16 0.34
to the loss of free virus and productively infected cells, while the second UltraSensitive assay with a lower limit of quantification of 5 HIV RNA copies/ml. for individual patients T (days) . 0.8+0.8 0.7+0.9 0.80
(slower) phase appears to be due to the loss of long-lived infected cells.! Analysis of 48-week data to this level of detection is ongoing. Vo (10* copies/mi) 2215 8:2x24 032
o ' ' . ¢ Data were analysed using the one-phase and two-phase decay models * Baseline characteristics of study participants were generally similar and T=1day
The scientific studies that calculated these decay rates did so using ARVs of HIV dynamics described below in order to determine first- and are summarized in Table 1. 3 (day™) 0.60+0.25 0.51+0.21 0.36
that targeted only the HIV protease and reverse transcriptase enzymes second-phase viral decay rates of plasma viraemia, as well as overall Wo (1 0% copies/ml) 2.0£1.3 3.0£2.4 032 )

(i.e. ‘2-target’ therapy). The availability of the new HIV fusion inhibitor agent

viral decay rates, over the first 12 weeks of therapy. Table 1. Baseline characteristics of study population SD, standard deviation; 9, first-phase decay rate; T shoulder phase duration;
-~ ® X > i 30, ; ;
enfuvirtide (FUZEON®, formerly T-20), the first of a new class of ARV agents that * Differences between treatment groups in viral decay rates were assessed (intent-to-treat [ITT])? V,, viral load at onset of therapy
block HIV cellular entry, presents a unique and important scientific opportunity using the Student t-test. s ~
to reassess these dynamics with the introduction of a third viral target. 2-target group 3-target group = o With the model-independent assessment of the effect of the addition of
(n=11) (n=11) £
n= n= = enfuvirtide to viral decay rate (first phase, second phase and overall), there
Zhe efflctacty Zn,d tsafet){ oftelnfuvvlrttld? n t'hg Itre;tn:ent OI: il\f{l |nf§|ct|on was PK assessments Sex, male : female (%) 7 (64%) : 4 (36%) 4 (36%) : 7 (64%) 2 was again no significant difference between treatment groups (Table 6).
emonstra e. Intwo pivotal regis .ra on r|a§ 2 _enro .e eaV|.y. e Samples for PK analysis were collected at weeks 2, 4, 8 and 12, and Bodyweight (kg) 64.0 (40.6-76.6) 55.0 (45.8-68.5) g' . .
pretreated, triple ARV class-experienced patients, in which enfuvirtide was every 12 weeks thereafter. Height (om) 163 (153-175) 156 (148-175) o Table 6. Differences in measured HIV RNA levels
added to optimized ARV regimens that could include recycled drugs.*" : g - > < (Vy is the viral load on day x)
L N . . . . " . Body mass index (kg/m?) 22.5 (17.3-27.6) 17.5 (15.1-20.7)
This investigator-initiated study, HIV-NAT 012, provided an opportunity to Figure 2. HIV RNA assessment timepoints - 2 s L N, L N L N ~
} - . N o ) HIV RNA (log;, copies/ml) 4.3 (3.3-4.9) 45 (3.3-4.9) o 0g(V2/Vg) 09(Vs/V2s) 09(V5/Vsg)
determine whether the addition of a third target (i.e. viral fusion) in the ARV (symbols — HIV RNA data collection) CD4 count (cells/mm®) 329 (161-500) 219 (152-461) =
combination induces a greater decline in both the first and second phases of \C % = Treatment | 2-target| 3-target | 2-target | 3-target | 2-target | 3-target
the viral decay response. Here, we present the results of the viral decay rate HIV-NAT 012 study 2 Median (range) unless otherwise stated T group
analyses and preliminary study findings at 48 weeks. * One patient in the 3-target group terminated efavirenz treatment at Mean 1.20 1.11 0.82 0.67 2.02 1.78
snf,iili‘é’,'iue S day 10 becaulse of hypersensitivity and was therefore not included in our Standard 0.17 0.26 0.54 0.34 0.64 0.36
Object“[e to pharmaco- HIVRNA analyses of viral decay. deviation
logical and — e af;_es“:f“ * On treatment, patients responded well to both study treatment regimens
intracellular (loss of long-lived weekly o N . KP-vaIue 0.39 0.43 0.28 J
¢ To determine whether the addition of a third independent viral target (HIV TR ixectedicoi) intenvals (Table 2). By 4.8 weeks, 10/11 (919%) patlem‘s in the 2-target group and 50 100 150 200 250
fusion inhibition) would confer an increase in viral decay rates compared A= 10710 (100%) |n.the 3-target group had achieved undetectable HIV RNA Time (days) * HIV RNA data from the patient who ceased efavirenz treatment at day 10
with therapy aimed at two independent viral targets alone (HIV reverse levels (< 50 cgples/ml). o . P2 because of hypersensitivity are not included in the analyses presented
transcriptase inhibition and HIV protease inhibition). 1204 % % * By [TT analysis, 10/11 (91%) patients in both arms achieved HIV RNA here. However, in a separate analysis, inclusion of these data did not
2-target arm < 50 copies/ml by week 48. affect estimated viral decay rates overall to any meaningful extent.
(n=11) * Adherence documented via patient diary was near-perfect.
SQV-hgc 1000 mg bid +
m RTV 200 mg bid + M
Treatment initiated EFV600 mg od Table 2.  Virological and immunological response to study
Patients and treatment regimens e treatments over the 48 week study period (on treatment) ’E » Both 2-target and 3-target treatment regimens were associated with a
(n=11) " high proportion of study subjects achieving undetectable HIV RNA over
 In a series of three Phase | pharmacokinetic (PK) interaction studies, SQV-hge 1000 mg bid + (" Number of Median change N ] 45 P kp in thi N e ijb't Pl %d X d
36 pati ~ . X d RTV 200 mg bid + patients with from baseline o weeks in this protease inhibitor (Pl)- (< 7 days’ exposure) and non-
patients — who either were previously ARV naive or were on stable EFV 600 mg od + . . Q nucleoside reverse transcriptase inhibitor (NNRTI)-naive patient population
doses of up to three nucleoside reverse transcriptase inhibitors (NRTIs) — EIANY HIV RNA < 50 copies/ml (%) | in CD4 count (cells/mm®) ] P P Pop )
. . . _— e L o ¢ Co-administration of enfuvirtide with saquinavir/ritonavir/efavirenz did not
received enfuvirtide (for up to 7 days) in combination with rifampicin, 2-target 3-target 2-target 3-target < adversely impact on saquinavir and efavirenz drug plasma levels
ritonavjr (for 4 qays) or saquinavirlplus ritonavir (for 4 ‘days) (Figure 1): SQV-hgc, saquinavir hard-gel capsules; RTV, ritonavir; EFV, efavirenz; group group group group % assessed at weeks 2 and 4. All patients in both treatment groups at all
 Following a variable wash-out period, 22 of these patients were recruited  ENF, enfuvirtide (n=11) (n =10) (n=11) (n=10) assessment timepoints had plasma drug levels that exceeded the
; -
ggthe rokllotvedr proto;:.oh HI\CN/;\T 012, an ZpenjlaZe:,_:)rtospectlxlfe‘, Week 12 8 (73%) 8 (80%) +66 +36 2' accepted minimum target concentrations for saquinavir and efavirenz.
tre;;vrizmsal:mys’m which patients were randomized 1:1 to one of two Model equatlons Week 24 9 (82%) 9 (90%) +80 +100 I ¢ Based on analyses using the one-phase and two-phase decay models of
§ . N . - 8 Week 36 10 (91% 10 (100% 75 92 HIV dynamics, the addition of HIV fusion as a third viral target in an HIV
- zlztarggtztggrapyt.’Zaqulfna\{nr harg(—)gel cap;ule 1000 mg bid + One-phase model Vo t<t WZZK 78 0 291 %l:; 0 t1 00%{:; :142 :107 treatment regimen in ARV-naive patients did not produce significant
ritonavir mg bid + efavirenz mg o V = Vo [cerdt-0 — e ct-7]; o1 2 / differences in the calculated decay rates of plasma HIV RNA compared

- 3-target therapy: saquinavir hard-gel capsule 1000 mg bid +
ritonavir 200 mg bid + efavirenz 600 mg od + enfuvirtide 90 mg bid
subcutaneously.

Figure 1. HIV-NAT 012 study design

HIV-NAT

HIV-NAT

c-d

Two-phase model'

V=

with A = NkT/(c-) and C = (c - NKT)/(c - 1.

Vor t<t
Vj [Aet7 + Ce ) + (1-A-C)e°(-7] t>t

PK analyses

* Plasma levels of the oral components of the study regimens are
summarized in Table 3.

* For all patients, saquinavir C,, and efavirenz C4.qose Values at weeks 2

and 4 were above the accepted minimum target concentrations.'®

100

150 200
Time (days)

250

(symbols - HIV RNA data; orange curves - two-phase model fits; pink
dashed line - one-phase model fits; Dotted horizontal line - detection limit

of 5 HIV RNA copies/ml)

with those seen with saquinavir/ritonavir/efavirenz therapy which targets
only HIV reverse transcriptase and protease. This may reflect the fact
that in ARV-naive patients the two-target combination may have
effectively produced nearly optimal viral load decay, especially in light of
the excellent adherence to therapy. Decay rates calculated for
saquinavir/ritonavir/efavirenz in this study compare favourably with those
previously reported with potent four-drug therapy
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Phase | 012 study In the above equations: Table 3.  Plasma levels of oral ARVs administered in the study (lamivudine/tenofovir/efavirenz/boosted lopinavir) in treatment-naive
studies f " o " " treatment regimens subjects (one-phase model).!!
« Vs the viral load evolving as a function of time under therapy, t 9 ¢ The two-phase model provided excellent fits to HIV RNA data. o It mJay be( valuapble to furthe)r explore this concept in pretreated patients
. o « Vois the viral load at the onset of therapy a 2-target group 3-targetgroup )« Using this model, the calculated rates of viral decay for both the first in whom the rate of viral load decay may be blunted by reduced ’
sq;,_;gz 1%',,"'0 (,:9 ,,,-d) . « is the duration of the shoulder due to pharmacological and Week 2 Week4 | Week2  Week 4 phase (8) and the second phase (u) did not differ significantly between nw tibilt rt VI I ay ?Zi © blu Y redu
HeE RTV 200 mg bid + intracellular delays Efavi N 11 1 10 10 the 2-target and 3-target treatment groups. (The P-value was not SUSCEPTIBIILY 10 One or more Classes of crugs.
treatment-naive or m"f';:r EALIIITIC « 9, the first-phase slope, is the rate of loss of productively infected cells c avirenz Y 4o 45 47 a7 significant for the first phase [8] and 0.05 for second phase [y; Table 4].) c I H
NRTl-experienced => 0o =2 « u, the second-phase slope, is the rate of loss of long-lived productively mid-dose (Mg/) Mean - : : : « Similarly, the average shoulder phase duration (z) did not differ onciluslio
patients 111 sg“z:gz"w s:;;;h infected cells I\S/:;dlan 23 gg ?i g: significantly between the two treatment groups (Table 4). o The addition of the fusion inhibitor enfuvirtide t tent PVNNRTI regimen
RTV 200 mg bid + « cis the clearance rate of free virions from plasma . - - . 3 ) e a X o X 0, e u.so X o ,e u etoa p‘o e egimel
ERYEIDmE: * NKT is a composite parameter in which N is the viral burst size (the Range 1.5-96 2.0-11.3 | 2.1-6.3  1.4-8.38 Table 4.  Best-fit parameter estimates for the two-phase model of saqulnfiwr/ntonawr/efa_wrenz did not appear to |.nfluence cal.culated
ENF 90 mg bid sc number of virions produced by target cells during their lifetime), k is the > 1.0 mg/I? 11/11 1111 10/10 10/10 (meanxSD) plasma viral decay rates in treatment-naive HIV-1-infected patients.
second-order rate constant for viral infection of target cells and T is the Saquinavir N 1 1 10 10 2-target group 3-target group P-value
RFP, ri icin: inavi : i ir: number density of target cells Crnin (Mg/1) M 1.5 0.9 26 2.0 (n=11) (n=10) OWIedgement
, rifampicin; SQV-hgce, saquinavir hard-gel capsules; RTV, ritonavir; EFV, ly e} min (MY ean E - 3 8 n n
i . irti " f Median 1.1 0.6 21 1.4
efavirenz; ENF, enfuvirtide . Thlese models assume that‘ ARV treatmenlt efficacy is 100%. Lovyer S0 T4 07 5o ‘s ) (day':) 1.03+0.58 0.71+0.27 0.13 The authors would like to express their gratitude to the patients who
. efficacies lead to lower estimates of the first-phase decay rate, 5. Rande o 2;5 0 o 2;2 5 o 5;8 | o 5;5 9 u (day™) 0.066+0.038 0.039+0.014 0.05 participated in this study as well as all the personnel who assisted with the
Study endpoints 0 wg mg/e | 1111 1AT | 1010 1010 vldays) 13:05 09:12 038 data analysis.
. > 0. -
¢ The primary study endpoints were the viral decay rates (first phase, Analysis of HIV RNA decay > 0.5 mg/I© 10/11 7/11 10/10 10/10 \':‘;(_(:04 copies/mi) 221381203;3 23;'2;20'% gg;
second phase and overall) associated with 3-target therapy compared * First, the two-phase model was fitted to plasma HIV RNA data to Ritonavir N » » 10 10 N s S0 . ) efel‘ences
with that of 2-target therapy calculated over the first 12 weeks of therapy. determine the parameters , 8, u, NkT and V. Following recent Con (M) Mean 12 13 24 21 SD, standard deviation; 9, first-phase decay rate; u, second-phase decay 1. Perelson AS, et al. Nature 1997; 387:188-191.
¢ Secondary study endpoints include: estimates, ¢ is held fixed at 23 day' for all patients.® mn Median 0'9 1'3 2'1 1'7 rate; T, shoulder phase duration; V,, viral load at onset of therapy; NkT, a 2. Wei A, et al, Nature 1995: 373:117-122.
- the rates of first- and second-phase HIV RNA decay dynamics o Next, the one-phase model was fitted to early data (up to ~ day 8) to sD 0'9 OlG 1‘2 1'3 composite parameter in which N is the viral burst size, k is the second-order 3. Wu H, et al. J Infect Dis 1999; 179:799-807.
- time-weighted average change from baseline HIV RNA and change determine the parameters 7, & and V,,. The first-phase slope provides the Range 0 2;3 5 o 4'_2 5 1 0;4 7 o 9;4 4 rate constant for viral infection of target cells, and T is the number density of ~ 4. Lazzarin A, et al. N Engl J Med 2003; 348:2186-2195.
from baseline CD4 count to weeks 24, 48 and 96 best assessment of the impact of therapy, since drug resistance is not \ 9 S T : " target cells 2' ?ITzari Jg’ et a:. 2’ [Eir;i/;é/lec; 2003; 346;?[:/75—?185. is and T b
_ proportion of patients with undetectable HIV RNA (< 50 copies/ml . . . - . . Katlama C, et al. 2« onference on athogenesis and Treatment. Paris,
proport . patl with u < Pl generally ol?seryet.j in this phase and viral loads are sufficiently higher a Minimum target Cpig-qose CONcentration'®; ® minimum target C, ¢ Using only the early data (up to ~ day 8), the best fits for the one-phase France, 13-16 July 2003; Abstract LB2.
and < 5 copies/ml) at weeks 24, 48 and 96 than detection limits. . 10. ¢ . - . N . . N " .
X . . X X L concentration'?; ¢ secondary protocol endpoint. SD, standard deviation model yielded first-phase decay rates and estimates of the duration of 7. Arasteh K, et al. XV International AIDS Conference. Bangkok, Thailand, 11-16 July
- time to reach undetectable HIV RNA, (< 50 copies/ml and < 5 coples(ml) * Neglecting pharmacological delays, the shoulder for fusion inhibitors the shoulder that again were not statistically significantly different 2004; Abstract MoOrB1058
— correlation between ARV concentrations and HIV RNA decay dynamics including enfuvirtide is expected to last the entire duration of a viral between treatment groups (Table 5) 8. Perelson AS, et al. Science 1996; 271:1582-1586.
- correlation between long-term efficacy and toxicity and ARV replication cycle — approximately 1 day. Since no viral load o When t was fixed tc?1 dz in the on'e— hase model. the resultin 9. Ramratnam B, et al. Lancet 1999; 354:1782-1785.
pharmacokinetics measurements were taken between day 0 and day 2, model fits may not N Yy P v 9 10. Back D, et al. Optimising TDM in HIV clinical care: a practical guide to performing

- proportion of patients with saquinavir C,, > 0.5 mg/I at week 4
- correlation between patient medication adherence and study outcome
— safety and tolerability.

estimate t accurately. We therefore fixed 7 to 1 day and refitted the
one-phase model to obtain estimates of 6 and V,,.

estimates were very similar to the estimates obtained by letting t be
adjustable (Table 5). In either case, P-values indicated no significant
differences between the two groups.

11.

therapeutic drug monitoring (TDM) for antiretroviral agents. Available at:
http://www.hivpharmacology.com.
Markowitz M, et al. J Virol 2003; 77:5037-5038.
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