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Summary
Abstract Lopinavir is a novel protease inhibitor (PI) developed from ritonavir. Coadmin-

istration with low-dose ritonavir significantly improves the pharmacokinetic
properties and hence the activity of lopinavir against HIV-1 protease. Coformula-
ted lopinavir/ritonavir was developed for ease of administration and to ensure both
drugs are taken together, as part of combination therapy with other antiretroviral
agents.

Coformulated lopinavir/ritonavir-based regimens provide adequate and dura-
ble suppression of viral load and sustained improvements in CD4+ cell counts, as
demonstrated in randomised trials in antiretroviral therapy-naive and -experien-
ced adults and children. To date, development of primary resistance to lopinavir/
ritonavir has not been observed in 470 antiretroviral therapy-naive patients treated
for >48 weeks. The lopinavir/ritonavir-based regimen was more effective than
nelfinavir in antiretroviral therapy-naive HIV-1-infected patients in a phase III
trial. The coformulation is also effective as ‘salvage’ therapy, as shown by low
cross-resistance rates in patients who failed to respond to treatment with other PIs
in phase II trials.

Coformulated lopinavir/ritonavir was well tolerated in both antiretroviral
therapy-naive and -experienced HIV-1-infected adults and children with low rates
of study drug-related treatment discontinuations. The most common adverse event
in adults associated with lopinavir/ritonavir was diarrhoea, followed by other
gastrointestinal disturbances, asthenia, headache and skin rash. The incidence of
moderate-to-severe adverse events in children was low, skin rash being the most
common. Changes in body fat composition occurred with equal frequency in
lopinavir/ritonavir- and nelfinavir-treated naive patients, through week 60 in a
phase III study. Although laboratory abnormalities occurred with similar frequen-
cy in both treatment groups, triglycerides grade 3/4 elevations were significantly
more frequent with lopinavir/ritonavir. Total cholesterol and triglycerides grade 3/
4 elevations appear to occur more frequently in PI-experienced than in PI-naive
lopinavir/ritonavir-treated patients.

A number of clinically important drug interactions have been reported with
lopinavir/ritonavir necessitating dosage adjustments of lopinavir/ritonavir and/or
the interacting drugs, and several other drugs are contraindicated in patients
receiving the coformulation.

© Adis Data Information BV 2003. All rights reserved. Drugs 2003; 63 (8)



Lopinavir/Ritonavir: A Review

771

Overview of
Pharmacodynamic
Properties

Overview of
Pharmacokinetic
Properties

© Adis Data Information BV 2003. All rights reserved.

Conclusion: Coformulated lopinavir/ritonavir is a novel PI that, in combina-
tion with other antiretroviral agents, suppresses plasma viral load and enhances
immunological status in therapy-naive and -experienced patients with HIV-1
infection. Lopinavir/ritonavir appears more effective than nelfinavir in ‘naive’
patients and is also suitable for ‘salvage’ therapy, because of its high barrier to
development of resistance. Given its clinical efficacy, a tolerability profile in
keeping with this class of drugs, favourable resistance profile and easy-to-adher-
e-to administration regimen, coformulated lopinavir/ritonavir should be regarded
as a first-line option when including a PI in the management of HIV-1 infection.

Lopinavir/ritonavir is a coformulation of two structurally related protease inhibi-
tor (PI) antiretroviral agents. Lopinavir is a highly potent and selective inhibitor of
the HIV type 1 (HIV-1) protease, an essential enzyme for production of mature,
infective virus. It acts by arresting maturation of HIV-1 thereby blocking its
infectivity. Thus, the main antiviral action of lopinavir is to prevent subsequent
infections of susceptible cells; it has no effect on cells with already integrated viral
DNA. Lopinavir has an =10-fold higher in vitro activity against both wild-type
and mutant HIV-1 proteases than ritonavir; however, its in vivo activity is greatly
attenuated by a high first-pass hepatic metabolism. The low-dose ritonavir
coadministered with lopinavir inhibits metabolic inactivation of lopinavir and acts
only as its pharmacokinetic enhancer. Therefore, the antiretroviral activity of
coformulated lopinavir/ritonavir 400/100mg twice daily is derived solely from
lopinavir plasma concentrations. Combining lopinavir with low-dose ritonavir
produces lopinavir concentrations far exceeding those needed to suppress 50% of
in vitro and in vivo viral replication in CD4+ cells and monocyte/macrophages
(main human reservoirs of HIV-1 infection).

Thus far, no resistance to lopinavir has been detected in clinical trials in
antiretroviral therapy-naive patients treated for up to 204 weeks and only 12% of
HIV-1 strains from patients in whom prior treatment with multiple PIs have failed,
have been observed to develop resistance to coformulated lopinavir/ritonavir. A
strong negative correlation was found between the number of PI mutations at
baseline and the viral response rates achieved with lopinavir/ritonavir-based
regimens in Pl-experienced patients, indicating that resistance to lopinavir
increases with increasing number of PI mutations and that five PI mutations
represent the clinically relevant genotypic breakpoint for lopinavir.

The absolute bioavailability of lopinavir coformulated with ritonavir in humans
has not yet been established. Multiple-dosage absorption pharmacokinetics of
lopinavir/ritonavir 400/100mg twice daily (the mean peak [Cmax] and trough
[Ctrough] plasma concentrations at steady-state and the 12-hour area under the
plasma concentration-time curve [AUC|2] of either drug) were stable in antiretro-
viral therapy-naive and single PI-experienced adult patients receiving therapy
over a 24-week evaluation period. The Cirough values of lopinavir, achieved with
lopinavir/ritonavir 400/100mg twice daily, were median 84-fold higher than the
protein binding-adjusted 50% effective concentration (ECs0) of lopinavir against
wild-type HIV-1 in antiretroviral therapy-naive HIV-1-infected patients in a phase
II study.

Bioavailability of lopinavir administered in either the capsule or the liquid
lopinavir/ritonavir formulation can be increased substantially with concurrent
ingestion of food with moderate-to-high fat content. At steady state, lopinavir is
=~98-99% plasma protein bound and the percentage of its unbound (i.e. pharmaco-
logically active) fraction is dependent on total drug plasma concentration. Both
lopinavir and ritonavir penetrate poorly into the human genital tracts and the
cerebrospinal fluid.
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Both agents undergo extensive and rapid first-pass metabolism by hepatic
cytochrome P450 (CYP) 3A4 isoenzyme. However, ritonavir also potently inhib-
its this enzyme and acts as a pharmacokinetic enhancer of lopinavir. The elimina-
tion half-life and apparent oral clearance of lopinavir average =4—6 hours and
=6-7 L/h, respectively, with lopinavir/ritonavir 400/100mg twice daily adminis-
tration. Less than 3% and 20% of the lopinavir dose is excreted unchanged in the
urine and faeces, respectively. Limited data show similar pharmacokinetics of
lopinavir in children as in adults.

Drug Interactions Coformulated lopinavir/ritonavir has the potential to interact with wide variety of
drugs via several mechanisms, mostly involving the CYP enzymes. Coadministra-
tion of lopinavir/ritonavir is contraindicated with certain drugs (i.e. flecainide,
propafenone, astemizole, terfenadine, ergot derivatives, cisapride, pimozide,
midazolam and triazolam) that are highly dependent on CYP3A or CYP2D6 for
clearance and for which elevated plasma concentrations are associated with
serious and/or life-threatening events. Coadministration with lopinavir/ritonavir is
also not recommended for drugs or herbal products (i.e. rifampicin [rifampin] and
St. John’s wort [Hypericum perforatum]) that may substantially reduce lopinavir
plasma concentrations, or drugs whose plasma concentrations elevated by the
coformulation may lead to serious adverse reactions (i.e. simvastatin and lovasta-
tin). However, a recent study in healthy volunteers suggests that adequate lopina-
vir concentrations may be achieved during rifampicin coadministration by
increasing the twice-daily dosage of lopinavir/ritonavir in conjunction with thera-
peutic drug monitoring. The liquid (but not the capsule) formulation of lopinavir/
ritonavir contains 42.4% ecthanol (v/v) and should not be coadministered with
drugs capable of producing disulfiram-like reactions (e.g. disulfiram, metronida-
zole).

Coadministration with saquinavir or indinavir requires no dosage adjustment,
whereas coadministration with amprenavir, nevirapine or efavirenz requires a
dosage increase of the coformulation typically by 33%. As the oral bioavailability
of both didanosine and lopinavir/ritonavir is significantly affected by concurrent
food ingestion, didanosine should be administered 1 hour before or 2 hours after
lopinavir/ritonavir has been taken with food. Interactions between lopinavir/
ritonavir and other nucleoside reverse transcriptase inhibitors (NRTIs) are not
expected.

The coformulation is also likely to increase plasma concentrations of non-an-
tiretroviral drugs metabolised through the CYP3A pathway. To reduce the risk of
their toxicity when coadministered with lopinavir/ritonavir, the recommended
actions include: (i) monitoring of the drug plasma concentration (antiarrhythmics
and immunosuppressants) or the international normalised ratio (warfarin); (ii) the
use of alternative treatment (atorvastatin) or birth control methods (ethinylestradi-
ol); and (iii) dosage adjustment (clarithromycin [only in patients with renal
failure], rifabutin, dihydropyridine calcium-channel blockers, atorvastatin, keto-
conazole and itraconazole). Coadministration of lopinavir/ritonavir 400/100mg
twice daily significantly reduces the Cmax and AUC of methadone but does not
appear to precipitate opioid withdrawal symptoms or require methadone dosage
adjustment and could be useful in treatment of HIV-1-infected patients who are
users of illicit intravenous narcotics. Drugs that induce CYP3A-mediated clear-
ance of lopinavir and lower its plasma concentration should be used with caution
(corticosteroids) or with dosage adjustment of lopinavir/ritonavir (carbamazepine,
phenytoin and barbiturates) when coadministered with it.

No clinically significant interactions were observed during coadministration
of norethindrone or pravastatin with lopinavir/ritonavir. Likewise, coadministra-
tion of rifabutin or ketoconazole does not require lopinavir/ritonavir dosage
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adjustment. Clinically significant interactions are not expected between lopinavir/
ritonavir and either fluvastatin, dapsone, cotrimoxazole, azithromycin, erythro-
mycin or fluconazole.

The therapeutic efficacy of lopinavir/ritonavir in combination with other antiretro-
viral agents has been evaluated in several (both comparative and noncomparative)
phase II/III clinical trials in antiretroviral therapy-naive and -experienced adults
and children, and in two large (>11 000 participants) prospective, nonblind,
noncomparative ‘salvage’ programmes in adults with HIV-1 infection. All trials
used decreasing plasma HIV-1 RNA levels (viral load) and increasing CD4+ cell
counts as surrogate markers of clinical drug efficacy. The effects of lopinavir/
ritonavir on HIV-1- and AIDS-related morbidity and mortality are yet to be
established.

Lopinavir coformulated with ritonavir in three different dose combinations
(200/100mg, 400/100mg and 400/200mg) administered twice daily in combina-
tion with standard dosages of the two commonly used NRTIs (lamivudine and
stavudine) induced a rapid decline in plasma HIV-1 RNA levels that was sus-
tained throughout the 48-week study period (the mean reduction from baseline
was 2.23 logio copies/mL) in a phase II trial in 100 antiretroviral therapy-naive
patients. In the nonblind extension of this study, lopinavir/ritonavir 400/100mg
twice daily produced continued suppression of viral load <50 copies/mL in a
substantial proportion of patients (70% and 97% by intent-to-treat and on-treat-
ment analyses), and improved immunological status of patients through week 204
(the mean increase from baseline in CD4+ cell count was 440 cells/uL), regard-
less of patient’s baseline immune status.

The efficacy of lopinavir/ritonavir 400/100mg twice daily in combination with
lamivudine and stavudine compared favourably with that of a nelfinavir (750mg
three times daily)-based PI-triple (a PI plus two NRTIs) regimen in a large
randomised, double-blind phase III study in 653 antiretroviral therapy-naive
adults with HIV-1 infection. Lopinavir/ritonavir demonstrated significantly
greater suppression of plasma HIV-1 RNA levels than nelfinavir, starting from
week 20 (<400 copies/mL) and week 32 (<50 copies/mL) and persisting through
weeks 48 and 60. Significantly more patients receiving lopinavir/ritonavir-based
triple therapy maintained viral response at both timepoints than recipients of the
nelfinavir-based regimen. Both drugs had similar overall effects on patients’
immune systems; however, in patients with a very poor immune responsiveness at
baseline (CD4+ cell count <50 cells/uL), lopinavir/ritonavir induced a significant-
ly greater increase in the mean CD4+ cell count compared with nelfinavir, after 60
weeks of treatment. Lopinavir/ritonavir-based therapy was equally as effective in
female as in male patients with HIV-1 infection, with or without hepatitis B and/or
C virus (HBV/HCV) co-infection.

In 70 patients experiencing virological failure with treatment regimens com-
prising a single PI, alone or combined with one or more NRTI, substitution of their
prior PI with lopinavir/ritonavir (400/100mg or 400/200mg twice daily) produced
rapid (within the first 2 weeks of treatment) viral suppression (viral load
<400 copies/mL or =1 logio copies/mL reduction from baseline) in 80% of
patients and rapid improvement in CD4+ cell count (increase was significant from
week 8). These results were maintained at 48 weeks and for the duration of the
study in patients who continued lopinavir/ritonavir-based salvage therapy, with no
statistically significant differences recorded between the two lopinavir/ritonavir
dosage combinations. At week 144, plasma HIV-1 RNA levels were suppressed
below 400 copies/mL in at least half and below 50 copies/mL in almost half
(49%) of the patients. All patients also received nevirapine and had their baseline
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NRTI regimen changed to include at least one NRTI they had not received
previously.

A smaller randomised, nonblind phase II trial in multiple PI-experienced but
non-nucleoside reverse transcriptase inhibitor (NNRTI)-naive HIV-infected
adults (n = 57) found two lopinavir/ritonavir dosage combinations (400/100mg vs
533/133mg twice daily) to have similar efficacy at 24 weeks in an antiretroviral
regimen containing efavirenz 600mg once daily and NRTIs of the investigators’
choice. In the noncomparative extension of the study, treatment with the lopina-
vir/ritonavir 533/133mg twice-daily regimen maintained a high level of viral load
suppression and continued to improve the CD4+ cell count, throughout week 72.
Baseline in vitro phenotypic and genotypic susceptibility to lopinavir of viral
isolates had an important influence on virological response throughout the course
of study (see Overview of Pharmacodynamic Properties summary).

The efficacy of lopinavir/ritonavir coformulation has also been evaluated in
two large (>11 000 participants in 35 countries worldwide) prospective, nonblind,
noncomparative ‘salvage’ programmes (the Expanded Access Program [EAP]
and the ATU programme [Autorisation Temporaire d’ Utilisation] in
HIV-1-infected adults who had failed to respond to and/or were intolerant to
combinations of other available antiretroviral agents. Participants in both studies
had significant prior exposure to both PIs and NNRTIs, and a large proportion had
advanced disease on enrolment. In both studies patients received lopinavir/
ritonavir 400/100mg twice daily with the dosage increase to 533/133mg if
concomitant treatment included nevirapine or efavirenz. After the first 24 weeks
of treatment with lopinavir/ritonavir-based salvage regimens in the EAP, overall
>50% of patients achieved a viral load of <500 copies/m, with =75% of patients
attaining at least 1 logio copies/mL reduction from baseline. In the ATU pro-
gramme, a similar percentage (=72%) of patients achieved viral response (defined
as plasma HIV-1 RNA level <400 copies/mL or >1 logio copies/mL decrease
from baseline). An association was observed between the baseline lopinavir
mutation score and the virological response to lopinavir/ritonavir-based treatment
(see Overview of Pharmacodynamic Properties summary).

Data in children are limited to a nonblind, phase I/II study in antiretroviral
therapy-naive (n=44) and -experienced (n=56) children (aged between 3
months and 12 years). All patients received regimens based on lopinavir/ritonavir
300/75 mg/m2 twice daily (increased from 230/57.5mg twice daily after 3 weeks).
After 72 weeks, lopinavir/ritonavir-based regimens adequately suppressed plasma
HIV-1 RNA levels in most patients in both groups, although overall responses
tended to be lower in experienced patients. Immune status of patients in each
group continually improved throughout the study.

Tolerability Coformulated lopinavir/ritonavir appeared to be well tolerated in both antiretrovi-
ral therapy-naive and -experienced HIV-1-infected adults and children, in com-
parative and noncomparative clinical trials, which was reflected by the low rates
of study drug-related discontinuation of therapy (i.e. 4—7% through 60-204 weeks
of therapy across the four comparative phase II/I1I trials in adults and 1% through
72 weeks of therapy in a single trial in children). This rate of discontinuation was
unaffected by baseline HBV/HCYV status in a phase III study in adults.

The most frequently reported adverse event in adults, of at least moderate
severity, was diarrhoea (12-31% incidence) in phase II/III clinical trials and in
both antiretroviral therapy-naive and -experienced patients. Other less common
complaints included other gastrointestinal disturbances (nausea, abdominal pain,
vomiting), asthenia, headache and skin rash. The incidence of adverse events of at
least moderate severity in children was low (11% overall); skin rash was the most
common occurring in 2%, and allergic reactions, fever, viral infections, constipa-
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tion, hepatomegaly, pancreatitis, vomiting, dry skin and taste perversion all
occurred in 1% of patients. In the EAP, serious adverse events such as myocardial
infarction, pancreatitis, lactic acidosis and hepatic failure were infrequent (<1%)
during lopinavir/ritonavir therapy. Adverse events consistent with changes in
body fat composition (including lipodystrophy, obesity and abdomen enlargement
[2% each] and Cushingoid appearance, multiple lipomas and gynaecomastia
[£1% each]) were observed with equal frequency (7%) in lopinavir/ritonavir- or
nelfinavir-treated ‘naive’ patients, through week 60 in the phase III study.

In the only phase III trial in adults, grade 3/4 laboratory abnormalities
occurred with similar frequencies in lopinavir/ritonavir- and nelfinavir-treated
‘naive’ patients, except for the elevation in triglyceride levels, which occurred
more frequently with lopinavir/ritonavir than with nelfinavir (11% vs 2%;
p < 0.001). The incidence of grade 3/4 elevations in total cholesterol and triglycer-
ides levels appears higher in PI-experienced than in antiretroviral therapy-naive
patients receiving the coformulation, although evidence from direct comparison is
still lacking. Biochemical abnormalities of grade 3/4 severity in children were
infrequent (<6%).

Thus far, cost consequences of initiating antiretroviral therapy with lopinavir/
ritonavir versus nelfinavir as the PI component in the triple regimen (in combina-
tion with lamivudine and stavudine) have been estimated in two pharmaco-
economic models. Both models analysed the results from a phase III study (see
Therapeutic Efficacy summary) in 625 antiretroviral therapy-naive HIV-infected
patients. Limited data from these analyses estimate a 60-week, 5-year and lifetime
cost savings with coformulated lopinavir/ritonavir in comparison with nelfinavir
based on higher treatment response rates achieved with the former drug. The
estimated incremental cost effectiveness ratio with lopinavir/ritonavir was compa-
rable to values calculated for generic antihypertensive drugs.

Coformulated lopinavir/ritonavir is approved for use in both antiretroviral ther-
apy-naive and -experienced patients. It is available for oral administration in
capsule and liquid formulations. The recommended dosage for adults, in the US,
for the treatment of HIV-1 infection is 400/100mg (three capsules or SmL oral
solution) twice daily, and the coformulation should be administered with meals of
moderate-to-high fat content in order to improve its oral bioavailability. The drug
is indicated for use only in combination with other antiretroviral agents.

A number of clinically important drug interactions have been reported with
lopinavir/ritonavir, necessitating dosage adjustments of lopinavir/ritonavir and/or
the interacting drugs, and several drugs are contraindicated in patients receiving
the coformulation (see Drug Interactions summary). Lopinavir/ritonavir is classi-
fied under pregnancy category C in the US. It should be administered with caution
in patients with hepatic impairment and with haemophilia A and B.

1. Infroduction

In the absence of a cure for HIV infection, the
goals of antiretroviral therapy should be to improve
patient survival and quality of life, reduce HIV-
related morbidity, and restore and/or preserve im-
munological function through maximal and durable
suppression of HIV replication.['! In order to
achieve these goals, current treatment guidelines
strongly recommend the use of triple-drug regimens

© Adis Data Information BV 2003. All rights reserved.

comprising a combination of two nucleoside reverse
transcriptase inhibitors (NRTIs) with either a prote-
ase inhibitor (PI) or a non-nucleoside reverse trans-
criptase inhibitor (NNRTI) as a first-line option for
the initial treatment of early and advanced disease.[!!

Lopinavir is a novel PI developed from, and
structurally related to, ritonavir and with the same
mechanism of action. The poor oral bioavailability
of lopinavir coupled with its extensive and rapid
metabolism in the liver, resulting in a short elimina-
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tion half-life (ty,), precludes its use as a single PI
agent in antiretroviral regimens. However, coadmin-
istration with subtherapeutic doses of ritonavir im-
proves these pharmacokinetic properties of lopina-
vir allowing the drug to exert its highly potent
antiretroviral activity.-#

The pharmacology and therapeutic use of co-
formulated lopinavir/ritonavir (Kaletra™!) has been
briefly reviewed previously in Drugs.’! The current
review provides an update on the therapeutic effica-
cy and tolerability of coformulated lopinavir/ritona-
vir and its use in the management of HIV-1 infec-
tion. An overview of the pharmacodynamic and
pharmacokinetic properties of lopinavir/ritonavir,
including viral resistance and drug interactions, re-
spectively, is also provided.

2. Overview of
Pharmacodynamic Properties

Lopinavir/ritonavir is a coformulation of two
structurally related PI antiretroviral agents. The
pharmacodynamic properties of lopinavir, the thera-
peutically active antiviral component of the coform-
ulation, have been briefly reviewed previously.P!
This section provides a detailed overview of those
properties.

2.1 Mechanism of Action

Lopinavir is a highly potent,” peptidomimetic!®!
inhibitor of HIV-1 protease. A hydroxyethylene (in-
stead of peptidic) bond within the molecule makes
this drug a nonhydrolysable substrate for HIV-1
protease.!®” This enzyme is a homodimeric aspartic
protease involved in the post-translational process-
ing of viral gag and gag-pol polyprotein products
into functional core proteins and viral enzymes.[®8]
This process, which occurs simultaneously with or
immediately after the budding of the (immature)
virion from the surface of an infected cell, is essen-
tial for the production of mature, infectious viral
particles.[”!

HIV PIs, including lopinavir, prevent cleavage of
gag and gag-pol protein precursors in acutely and
chronically infected cells, arresting maturation and
thereby blocking the infectivity of nascent vi-
rions."%1!1 The main antiviral action of HIV PIs is,
thus, to prevent subsequent infection of susceptible

cells; they have no effect on cells already harbouring
integrated proviral DNA.

2.2 Antiretroviral Activity

2.2.1 In Vitro

Lopinavir has high specificity for HIV-1 prote-
ase, which it inhibits in vitro in both T-helper lym-
phocytes and cells of monocyte-macrophage lineage
(two major cellular reservoirs for HIV-1 in infected
individuals).?! It has greatly improved (=10-fold) in
vitro antiretroviral activity and significantly higher
binding affinity for both wild-type (=8-fold) and
mutant (=25- to 140-fold) HIV-1 proteases com-
pared with ritonavir.!

Lopinavir 0.5 nmol/L inhibited 93% of wild-type
HIV-1 protease activity in vitro and demonstrated
>105-fold higher specificity for this retroviral en-
zyme than for the mammalian aspartic proteases
renin and cathepsin D and E.? Its in vitro activity
against both wild-type and V82-mutant HIV-1 pro-
teases in MT4 cells was =10-fold greater than that of
ritonavir; the mean 50% effective concentrations
(ECs0) of lopinavir and ritonavir against wild-type
HIV-1 were 102 and 1 044 nmol/L, respectively, in
a medium containing 50% human serum.”?! Lopina-
vir was also active against primary HIV-1 isolates
cultured in peripheral blood mononuclear cells, with
an ECs0 of 6.5 nmol/L in the absence of 50% human
serum. 2!

Both lopinavir and ritonavir exhibit high plasma
protein binding that can attenuate their therapeutic
efficacy (section 3.2). However, the in vitro anti-
HIV-1 activity of lopinavir is =4-fold less affected
by plasma protein binding than is the activity of
ritonavir."?l ECs values for ritonavir against HIV-1
in the presence of 50% human serum were 20- to
30-fold higher than those observed in the absence of
serum; in contrast, ECs509 values for lopinavir in-
creased by only 5- to 8-fold.[?]

2.2.2In Vivo

The in vivo activity of lopinavir is attenuated by a
high first-pass hepatic metabolism (section 3.3). Co-
administration of low-dose ritonavir with lopinavir
inhibits metabolic inactivation of lopinavir and acts
only as its pharmacokinetic enhancer. Combining
lopinavir with low-dose ritonavir produces thera-

1 Use of tradenames is for product identification purposes only and does not imply endorsement.
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peutic lopinavir concentrations exceeding those
needed to inhibit HIV-1 activity in vivo.[>4

After a single 400mg oral dose in healthy volun-
teers, the peak lopinavir plasma concentrations
(Cmax) only briefly exceeded 0.1 mg/L (ECsp of
lopinavir against wild-type HIV-1 in vitro).”)» How-
ever, coadministration of a single 50mg dose of
ritonavir increased the lopinavir Cmax to 5.5 mg/L
and produced a 77-fold increase in 24-hour area
under the plasma concentration-time curve
(AUC).2I

Mean steady-state trough lopinavir plasma con-
centrations (Cirough) with lopinavir/ritonavir 400/
100mg twice-daily were 53- to 103-fold higher than
the protein binding-adjusted ECso of lopinavir
against wild-type HIV-1 (0.07 mg/L) in antiretrovi-
ral  therapy-naive = HIV-l-infected  patients
(n =45),51 and exceeded the EC5¢ for all viral iso-
lates phenotypically tested at baseline in single PI-
experienced patients (n=7).1 The steady-state
Cmax of ritonavir in these trials (section 3.1) was
<7% of that achieved with administration of thera-
peutic dosage of ritonavir in a single-PI regimen (i.e.
600mg twice daily)"'#! and is below the EC50 against
wild-type HIV-1 for this drug. Therefore, the antire-
troviral activity of coformulated lopinavir/ritonavir
400/100mg twice daily is derived solely from lopi-
navir plasma concentrations.!!

2.3 Resistance

There appears to be a lack of resistance develop-
ment to lopinavir when coformulated with ritonavir
in previously untreated patients (section 2.3.1). Thus
far, cross-resistance to coformulated lopinavir/rito-
navir has been observed to develop in 12% of HIV-1
strains in NNRTI-naive patients in whom prior treat-
ment with multiple PIs had failed.!"®! Not surprising-
ly, lopinavir/ritonavir has shown good therapeutic
efficacy in ‘salvage’ antiretroviral regimens (section
5.1.2) owing to its apparently high barrier to devel-
opment of resistance.

2.3.1 In Antiretroviral Therapy-Naive Patients

Thus far, no mutations associated with PI resis-
tance have been detected in viral isolates from anti-
retroviral therapy-naive adult patients receiving lo-
pinavir/ritonavir 400/100mg twice daily. Six (of
100)!"7 and 51 (of 326)['8! patients with sustained
viral load rebound (plasma HIV-1 RNA level
>400 copies/mL), for whom genotype and pheno-
type data were available, were analysed up to weeks
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20407 and 96,1181 respectively (section 5.1.1 and
table V). No mutations indicating PI resistance were
found in the isolates from these patients.!'”!3] In
contrast, viral isolates from 50% (3 of 6)!'7 and 37%
(19 of 51)[!8 of these patients demonstrated resis-
tance to lamivudine.

2.3.2 In Protease Inhibitor (Pl)-Experienced,

Non-Nucleoside Reverse Transcriptase Inhibifor

(NNRTI)-Naive Patients

In 57 multiple PI-experienced but NNRTI-naive
HIV-infected patients (section 5.1.2), viral response
to lopinavir/ritonavir-based antiretroviral regimens
was influenced by baseline phenotype and genotype
of viral isolates.!""2!! In vitro phenotypic suscepti-
bility to lopinavir of the HIV-1 isolates obtained
from study participants at baseline was 0.5-96 (me-
dian 16.2) times higher than the value of ICso for
wild-type HIV-1.2! In 24 of 56 (43%) evaluable
patients, the baseline viral isolates had >10-fold
higher ICso for lopinavir relative to wild-type vi-
rus.?021 Antiretroviral response rates at week 72
were highest among patients with baseline viral
isolates displaying <10-fold reduction of in vitro
susceptibility towards lopinavir compared with
wild-type HIV-1 (93% and 89% response rate at
<400 and <50 copies/mL) and, similarly, in patients
with baseline viral isolates containing five or less
protease mutations that were associated with re-
duced in vitro susceptibility to lopinavir (91% and
87% response rates at <400 and <50 copies/
mL).12021 The response rates were lowest in patients
with >40-fold reduced susceptibility to lopinavir
and eight or more associated protease mutations at
baseline (25% and 33% of patients had viral loads
<400 and <50 copies/mL, respectively, for both pa-
rameters observed).?%2!l A statistically significant
association was found between virological response
to lopinavir/ritonavir-based treatment (at <400 and
<50 copies/mL) and baseline phenotypic (p < 0.001)
and genotypic (p < 0.022) susceptibility to lopinavir
of HIV-1 isolates.?"

2.3.3 In PI- and NNRTI-Experienced Patients

Similarly, interim results from 78 PI- and NNR-
TI-experienced patients from the Spanish Expanded
Access Program (EAP; also referred to as the Early
Access Program)[?3! and from a subgroup of 179 PI-
and NNRTI-experienced patients with baseline
HIV-1 protease sequence analysis from the ATU
programme (Autorisation Temporaire d’ Ultilisa-
tion)?* [section 5.1.2] found strong negative corre-
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lation between the number of PI mutations present at
baseline and the viral response rates achieved at 6
months with lopinavir/ritonavir-based antiretroviral
regimens. Patients harbouring HIV-1 RNA with five
or less PI mutations at baseline had better viral
response than patients with more than five PI muta-
tions (83% and 88% vs 48% and 51%;
p < 0.001).12324 Substitutions at codons 71 and 82
were the only mutations in the viral genome inde-
pendently associated with a lower viral response to
lopinavir/ritonavir in the Spanish EAP (p = 0.04 and
0.053, respectively),”’] whereas in an overall ana-
lysis of 793 patients from the ATU programme such
mutations were found at positions 10, 20, 36, 46, 54
and 82 (all p < 0.01 vs baseline genotype).[*”

The results from these lopinavir/ritonavir trials in
Pl-experienced patients indicate that resistance to
lopinavir is proportional to the number of PI muta-
tions and that five PI mutations could represent the
point at which clinically relevant reduction in lopi-
navir sensitivity begins to occur.?0-2324

2.3.4 In Children with HIV-1 Infection

Data regarding resistance to coformulated lopi-
navir/ritonavir in children are limited. Among 20 PI-
and NNRTI-experienced HIV-1-infected children
with available baseline phenotypes in a phase I/II
study (section 5.2 and table VIII), 33% (1 of 3
patients) with >10-fold and 59% (10 of 17 patients)
with <10-fold reduced baseline susceptibility to lo-
pinavir had <400 copies/mL of HIV-1 RNA in plas-
ma at week 72.120]

3. Overview of
Pharmacokinetic Propetrties

The pharmacokinetic properties of lopinavir
coadministered with ritonavir have been evaluated
in single- (400/50mg! and 400/100mg"'*!) and mul-
tiple-dose!*?73% studies in healthy adult volunteers
(n =75,271 541141 and 1411y and in HIV-1-infected
adults who were antiretroviral therapy-naive
(n =46, and 38[?8-3%) or had prior experience with
a single PI drug (n=12)."1 Except in one pilot
study,?! lopinavir and ritonavir were administered
coformulated in capsules™®?’3% or in oral solu-
tion.l'Y In multiple-dose studies, the coformulation
was administered in once-?7-3% or twice-daily™27-30]
regimens, with food?3-3% or without regard to food
intake.*?”1 Antiretroviral therapy-naive and single
PI-experienced patients also received standard doses
of stavudine and lamivudine, and nevirapine and
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two NRTIs, respectively, in addition to lopinavir/
ritonavir in two multiple-dose studies. Some data
are extracted from the manufacturer’s prescribing
information.!>)

The previous review in Drugs"™ gave an insight
into the pharmacokinetic profile of lopinavir. This
section provides an overview of the pharmaco-
kinetic properties of lopinavir when coformulated
with low-dose ritonavir.

3.1 Absorption

The absolute bioavailability of lopinavir coform-
ulated with ritonavir in humans has not yet been
established.!'> The calculated oral bioavailability of
lopinavir (without coadministration of ritonavir) in
rats is low (25%).1)

Combining lopinavir with low-dose ritonavir
produces therapeutic lopinavir concentrations ex-
ceeding those needed to inhibit HIV-1 activity in
vivo (section 2.2.2). After a single oral 400mg dose
of lopinavir in healthy volunteers (n = 14), plasma
concentrations only briefly exceeded the ECj50
(0.1 mg/L) and declined to >10-fold lower values by
8 hours. Coadministration of a single 50mg dose of
ritonavir, however, produced sustained elevation of
lopinavir Cmax above ECso reaching 5.5 mg/L.
Likewise, the AUC of lopinavir was increased
77-fold from 0-24 hours by coadministration of
low-dose ritonavir.[?!

Multiple-dosage absorption pharmacokinetics of
lopinavir/ritonavir 400/100mg twice daily (n=19)
and 800/200mg once daily (n = 17) in antiretroviral
therapy-naive patients are summarised in table
L.12839 The Cyrough and inhibitory quotient values
(IQ; defined as the ratio between the Cirough and the
protein-binding-adjusted EC50*!! or the concentra-
tion required to inhibit 50% of viral activity
[IC50]?! for wild-type HIV-1) from weeks 3 to 48
were lower and more variable in the once-daily
compared with the twice-daily regimen
(p <0.01).28-301 The 1Q for the twice-daily regimen
ranged from 36 to 174 (median 84).282%)

In another study, the multiple-dosage absorption
pharmacokinetics of both lopinavir and ritonavir in
the 400/100mg twice-daily regimen were stable
over a 24-week evaluation period; values for the
Cmax, Cirough and AUC12 for either drug were simi-
lar within the ‘naive’ (n = 18) and the ‘experienced’
(n = 7) patient population over weeks 3—24.™ There
was a strong positive linear correlation between the
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Table I.

Absorption pharmacokinetics of oral lopinavir/ritonavir coformulated as a capsule in adults with HIV-1 infection. Preliminary

48-week results from an ongoing, randomised, pilot study in antiretroviral therapy-naive patients receiving lopinavir/ritonavir 400/100mg bid

(n=19) or 800/200mg od (n = 17)2 with food!?2°!

Lopinavir/ritonavir Lopinavir Ritonavir

dosage Cmax (M@/L)  Ctrough (MY/L) tmax (h) AUC24 (mg @ h/L) Cmax (Mg/L) Cirough (M/L) tmax (h) AUC24 (mg e h/L)
400/100mg bid 9.8 71 4.4 185.2° 0.7 0.3 4.3 9.2b

800/200mg od 10.9 3.6" 6.6" 164.9 0.9* 0.09* 7.3* 8.8

a Patients were also receiving lamivudine 150mg and stavudine 30 or 40mg twice daily.

b Estimated by investigators as 2 x AUC12.

AUC12(24) = area under the drug plasma concentration-time curve during 12 (24)-hour administration period; bid = twice daily; Cmax = peak
plasma drug concentration; Ctrough = trough plasma drug concentration at steady-state; od = once daily; tmax = time to reach Cmax following

drug administration; * p < 0.05 between treatment regimens.

Ctrough, Cmax and AUC of lopinavir and ritonavir for
the 400/100mg regimen of the coformulated drug
(r=0.74, 0.64 and 0.61, for the respective parame-
ters; all p <0.001).1

3.1.1 Effects of Food on Oral Absorption

The bioavailability of lopinavir administered in
either the capsule or the liquid lopinavir/ritonavir
formulation can be increased substantially with con-
current ingestion of food with moderate-to-high fat
content. Therefore, it is recommended that lopina-
vir/ritonavir be administered with moderate-to-high-
fat content meals.!"*!>! The apparent effect is greater
for the liquid than for the soft elastic capsule formu-
lation (figure 1).

3.2 Distribution

At steady state, lopinavir is highly bound to both
albumin and oq-acid glycoprotein, with higher af-
finity for the latter.'>l In previous studies in both
healthy volunteers and HIV-1-infected adults, plas-
ma protein binding of lopinavir ranged from 98.2%
to 99.2% and did not appear to be concentration
dependent within the therapeutic range.*?’! Howev-
er, in a recent study in 15 HIV-infected patients the
percentage of unbound lopinavir was proportional to
the total drug plasma concentration (p=0.027,
r=0.57, linear regression analysis) and was =60%
higher 2 hours, compared with 12 hours, after lopi-
navir/ritonavir administration.!

High plasma protein binding is thought to be a
likely explanation for undetectable lopinavir levels
in the cerebrospinal fluid (CSF) of all (n = 12) adult
patients with HIV-1 infection receiving lopinavir/
ritonavir 400/100mg twice daily in combination
with two NRTIs after 6 months of treatment.!**!

Direct measurements of drug concentrations tak-
en on two separate occasions in plasma and
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cervicovaginal secretions of HIV-1-infected women
(n=5B1 and 178 receiving lopinavir/ritonavir
(dosage not specified) have shown poor penetration
of lopinavir and ritonavir into the female genital
tract (£10%31 and <4%3® of their respective plas-
ma concentrations 12 hours after drug administra-
tion). In comparison, cervicovaginal concentrations
of indinavir, nevirapine and delavirdine were
282-290%, 133% and =50% of their respective
plasma concentrations at the same timepoint.[3>-3¢]
Similar observations were recently made about
penetration of lopinavir into the male genital tract.
Penetration of lopinavir into the seminal plasma was
very limited in 14 men with HIV-1 infection receiv-
ing a lopinavir-containing regimen (dosage not
specified) for 4-41 weeks (a median of 16 weeks).
All but one patient had seminal plasma concentra-
tions of <0.5 mg/L (estimated from a graph) and
none had concentrations >5.0 mg/L (the desired
therapeutic concentration).*738 Another study re-
ported a median lopinavir concentration ratio in
semen and plasma of 7%, but with a large inter-
individual variability in the level of lopinavir pene-
tration into semen (0.08-2.35 mg/L; median
0.17 mg/L) in seven men with HIV-1 infection re-
ceiving lopinavir/ritonavir 400/100mg twice daily
for 6 months in combination with two NRTIs.[*#!

3.3 Metabolism

Studies in human hepatic microsome prepara-
tions indicate that both lopinavir and ritonavir un-
dergo extensive and rapid first-pass oxidative me-
tabolism in the liver.?*4% Enzymatic inactivation of
lopinavir in the liver is mediated by the cytochrome
P450 (CYP) 3A4 isoenzyme, while that of ritonavir
is carried out by both CYP3A and CYP2D6.13940]
Ritonavir is also a highly potent inhibitor of
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CYP3A-mediated metabolic reactions.*!! Thus, co-
administration of ritonavir, even in the subther-
apeutic dosage range, can significantly enhance the
pharmacokinetic properties of lopinavir (section
3.1). In contrast, the concentration of ritonavir re-
quired to inhibit the metabolism of saquinavir in
human liver microsomes is 3.4-fold higher than that
needed to inhibit the metabolism of lopinavir.>#!

3.4 Elimination

The mean ty, and apparent oral clearance of lopi-
navir were 4.1-5.8 hours and 6.0-7.1 L/h, respect-
ively, during 24-week trials with lopinavir/ritonavir
400/100mg twice-daily administration in antiretro-
viral therapy-naive or -experienced patients.*! After

60 7 H Moderate-fat meal
O High-fat meal

50 A
40 -
30 A1

20 A

Percentage increase
in the lopinavir Cmax

10 A

0

140 -
120 -
100 -

Percentage increase
in the lopinavir AUC
©
o

Capsule Liquid

Formulation of lopinavir/ritonavir

Fig. 1. The effect of food on oral absorption of lopinavir. Data for
the lopinavir peak plasma concentration (Cmax) and area under the
plasma concentration-time curve (AUC) are from a randomised,
nonblind, partial crossover pharmacokinetic study in 54 healthy
adult volunteers!'*13 who received single doses of lopinavir 400mg
coformulated with ritonavir 100mg in soft elastic capsule and liquid
formulations in a fasting and in two nonfasting regimens (i.e. mod-
erate-fat; 500-682 kcal; 23—25% of calories derived from fatl'®! and
high-fat; 872 kcal; 56% from fatl'l). In the fasting regimen doses
were administered after 10-hour fast and 4 hours before lunch,
while in nonfasting regimens breakfast was served 30 minutes
before dose administration. All results presented are statistically
significantly different from the results under fasting conditions
(p < 0.05 for all comparisons).
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a single administration of the same dose of 14C-
labelled lopinavir/ritonavir, =10.4% and 82.6% of
14C-lopinavir was retrieved in the urine and faeces
after 8 days. Approximately 2.2% and 19.8% of
lopinavir was recovered unchanged in the urine and
faeces. After administration of multiple doses of
lopinavir/ritonavir, <3% of the lopinavir dose is
excreted unchanged in the urine.l'!

3.5 In Special Patient Populations

Thus far, pharmacokinetics of lopinavir have not
been studied in elderly patients, nor in patients with
hepatic insufficiency.!'> Sex- and race-related dif-
ferences in pharmacokinetic properties of lopinavir
have not been observed in adult patients.!'> A single
case report in an HIV-1-infected patient with renal
insufficiency indicated that haemodialysis had no
influence on the pharmacokinetics of lopinavir.*3!

3.5.1 In Children

The pharmacokinetics of lopinavir/ritonavir lig-
uid formulation have been investigated in 53 chil-
dren (aged between 6 months and 12 years) with
HIV-1 infection (see section 5.2 for study details).
During a 3-week trial, the 230/57.5 mg/m?2 twice-
daily lopinavir/ritonavir regimen without nevirapine
and the 300/75 mg/m?2 twice-daily regimen with
nevirapine produced similar lopinavir plasma con-
centrations to those achieved in HIV-1-infected
adults receiving the lopinavir/ritonavir 400/100mg
twice-daily regimen./!

At steady state, lopinavir AUC, Cmax and Cirough
for these two paediatric regimens were 72.6 and
85.8mgeh/L, 8.2 and 10.0 mg/L, and 3.4 and
3.6 mg/L, respectively.!3

4. Drug Interactions

Lopinavir and ritonavir are both metabolised
through CYP pathways (section 3.3) and therefore
have the potential for interactions with a wide varie-
ty of drugs.[**! In addition to being a substrate for
hepatic CYP3A4 (section 4.2.3), coformulated lopi-
navir/ritonavir acts as both a strong inducer and
inhibitor of this enzyme (section 4.1 and 4.2.2) and
as an inhibitor of CYP2D6 isoenzyme. Ritonavir
also increases the biotransformation of some drugs
metabolised by glucuronidation (section 4.2.2).

Pharmacokinetic and pharmacodynamic interac-
tions between lopinavir/ritonavir and other drugs
have been investigated in trials in small numbers of
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HIV-1-infected patients or healthy volun-
teers.[134648] Some information is available only
from the manufacturer’s prescribing information.'!
The majority of these studies evaluated only two-
drug regimens and their results may not necessarily
be applicable to the multidrug regimens often used
in clinical practice. This is especially true for regi-
mens comprising three or more drugs with opposing
effects on CYP3A4-mediated metabolism, where
multidrug interactions may be difficult to predict,
thus warranting even closer monitoring for adverse
events and/or treatment failure.

4.1 Drugs Not to Be Coadministered
with Lopinavir/Ritonavir

According to the manufacturer’s prescribing in-
formation, coadministration of lopinavir/ritonavir is
contraindicated with certain drugs that are highly
dependent on CYP3A or CYP2D6 for clearance and
for which elevated plasma concentrations are asso-
ciated with serious and/or life-threatening events
(table II).I! In contrast, a recent study in healthy
volunteers (n = 15) indicates that the activity of
CYP2D6 is not affected by clinically relevant con-
centrations of lopinavir/ritonavir.8!

Lopinavir/ritonavir may elevate plasma concen-
trations of the lipid-lowering drugs simvastatin or
lovastatin, potentially leading to serious adverse re-
actions (e.g. myopathy including rhabdomyolysis).
Hence, their coadministration with lopinavir/ritona-
vir is not recommended.') As an alternative,
atorvastatin (section 4.2.2) or pravastatin may be
used.

Table II. Drugs contraindicated for use with lopinavir/ritonavirls!

Potential clinical effect
Cardiac arrhythmias

Drug class (drug name)
Antiarrhythmics (flecainide,
propafenone)

Antihistamines (astemizole,
terfenadine?)

Cardiac arrhythmias

Gl motility agent (cisapride?)
Neuroleptic (pimozide)

Ergot derivatives (ergonovine,
methylergonovine, ergotamine,
dihydroergotamine)

Cardiac arrhythmias

Cardiac arrhythmias

Acute ergot toxicity (i.e.
peripheral vasospasm and
ischaemia of the extremities and
other tissues)

Sedative/hypnotics (midazolam, Prolonged or increased
triazolam) sedation, respiratory depression

a No longer available in the US.
Gl = gastrointestinal.
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Concomitant use of lopinavir/ritonavir with the
antimycobacterial agent rifampicin (rifampin), at
standard dosages, or the herbal product St. John’s
wort (Hypericum perforatum) is also not recom-
mended as both drugs may substantially reduce lopi-
navir plasma concentrations (through induction of
lopinavir/ritonavir metabolism), leading to loss of
virological response and possible development of
resistance to lopinavir/ritonavir or other PI
agents.['346471 However, a recent study in healthy
adult volunteers (n =32) indicated that increasing
the dosage of lopinavir/ritonavir (i.e. to 400/400mg
and possibly 800/200mg, twice daily) in conjunction
with therapeutic drug monitoring may allow for
concurrent use of rifampicin 600mg once daily in
the treatment of tuberculosis in patients with HIV-1
infection.*”! These results are encouraging, al-
though further studies addressing drug tolerability at
these dosages will be necessary.

The liquid formulation of lopinavir/ritonavir con-
tains 42.4% ethanol (v/v)!! and should not be
coadministered with drugs, such as disulfiram or
metronidazole, capable of producing disulfiram-like
reactions (i.e. nausea, vomiting, flushing, tachy-
pnoea, tachycardia). The capsule formulation does
not contain alcohol.l'!

4.2 Concomitant Drug Administration
Requiring Dosage Adjustment

4.2.1 Interactions Between Lopinavir/Ritonavir and
Other Antiretroviral Drugs

Successful antiretroviral therapy requires a com-
bination of at least two and preferably three or more
drugs from different classes (i.e. with different
mechanisms of action).®*>!1 Coadministration of lo-
pinavir/ritonavir with other antiretroviral drugs may
result in clinically relevant pharmacokinetic drug
interactions. Table III summarises the effects on
absorption pharmacokinetics (Cmax, Cirough, and
AUC) of coadministered antiretroviral drugs on lo-
pinavir and/or vice versa in adults (either patients
with HIV infection or healthy volunteers).

Interactions with Pls

All PIs are extensively metabolised by CYP en-
zymes (particularly the CYP3A4 isoenzyme) and
drug interactions within this drug class (see table III
for details) occur primarily as a result of induction or
inhibition of this enzyme.°!]

As the Cmax, Cirough and AUC of lopinavir are
decreased (table III) during coadministration with
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Table Ill. Summary of absorption pharmacokinetic drug interactions between lopinavir/ritonavir (LPV/r) 400/100mg twice daily (bid) and

other antiretroviral drugs in adults

Coadministered drug regimen

No. of participants Effect of coadministered drug on

Effect of LPV/r on coadministered drug

(mg) [duration (days)] (type) LPV pharmacokinetics (% change) pharmacokinetics (% change)

Cmax Ctrough AUC Cmax Ctrough AUC
In combination with other protease inhibitors
Amprenavir 750 bid [10]2 12 (vol) o7+ lag* 137+ T o T5.8-fold*a  T1.7-fold*2
Indinavir 600 bid [10]©° 13 (vol) T18v | e 1317 T2.9-fold*  l14¢
Saquinavir 800 bid [10]53] 14 (vol) T13e op T6.2-fold*d  T16-fold*d  T9.4-fold*
Saquinavir 1200 bid [10](52! 10 (vol) T 50 | g T6.1-fold*d  T13-fold*¢  18.7-fold*d
In combination with non-nucleoside reverse transcriptase inhibitors
Efavirenz 600 ghs [9](55] 11 (vol) 13 128 119 19 116 116
Efavirenz 600 ghs [14]5 24 (pts) l15e 131e lose
Efavirenz 600 od [35]120:561 57 (pts) 133e J2se
Nevirapine 200 od [14] followed by 5 (vol) ls T2 41 Ts T15 To9
nevirapine 200 bid [6]1%7]
Nevirapine 200 bid!58lf 22 (pts) l1ge lag lo7+
In combination with a nucleotide reverse transcriptase inhibitor
Tenofovir disoproxil fumarate 24 (vol) 115t 110 15t T31t T34t

300 od [14]59601

- ® Q O T o

Compared with amprenavir values in 11 vol receiving amprenavir 1200mg bid for 15d.

Compared with historical data in 19 pts receiving LPV/r 400/100mg bid for 21d.554

Compared with indinavir values in 13 vol receiving indinavir 800mg tid for 5d.

Compared with saquinavir values in 14 vol receiving saquinavir 1200mg tid for 5d.

Compared with historical controls receiving LPV/r 400/100mg bid alone.

Pts were also receiving nucleoside reverse transcriptase inhibitors. Steady-state pharmacokinetic values are reported.

AUC = area under the drug plasma concentration-time curve; Cmax = peak plasma drug concentration; Ctrough = trough plasma drug
concentration; od = once daily; pts = patients with HIV-1 infection; ghs = once daily at bedtime; tid = three times daily; vol = healthy
volunteers; | indicates decrease; T indicates increase; * p < 0.05 vs comparator regimen; 1 statistical significance established at 90% ClI.

amprenavir, the dosage of lopinavir/ritonavir should
be increased typically by 33% (i.e. to 533/133mg
twice daily in adults), particularly in patients with
extensive PI experience or with reduced viral sus-
ceptibility to lopinavir.*? In contrast, from compari-
sons with historical data,®* the pharmacokinetics of
lopinavir (table III) and ritonavir appear to be only
minimally affected by coadministration of sa-
quinavir and indinavir requiring no dosage adjust-
ment of lopinavir/ritonavir.

Lopinavir/ritonavir 400/100mg twice daily sig-
nificantly enhanced absorption pharmacokinetics of
saquinavir administered in the 800mg twice-daily
regimen (table III), resulting in =19-fold increase in
the median IQ of saquinavir (compared with results
with saquinavir 1200mg three-times-daily regi-
men).53! An increase in the saquinavir dosage from
800 to 1200mg twice daily was, however, not asso-
ciated with an expected increase in saquinavir ab-
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sorption pharmacokinetics, suggesting a plateau ef-
fect with the lower-dose regimen.

Coadministration of lopinavir/ritonavir 400/
100mg and indinavir 600mg twice daily resulted in a
statistically significant decrease in the indinavir
Cmax and an increase in Ciough (compared with
results with indinavir 800mg three times daily) [ta-
ble III] and increased the median IQ of indinavir
from 4.3 to 11.153! Thus, the in vitro antiretroviral
activity of indinavir, like that of saquinavir, is in-
creased allowing for reduction in dosage and fre-
quency of administration when indinavir, or sa-
quinavir, is coadministered with lopinavir/ritonavir
(table III). Appropriate dosages of indinavir, sa-
quinavir and amprenavir when administered in com-
bination with lopinavir/ritonavir have not yet been
established (see section 8).

Interactions with NNRTIs
Pharmacokinetic interactions between lopinavir/
ritonavir and nevirapine or efavirenz are related to
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their common metabolic pathways; both NNRTIs
are metabolised by CYP3A (like lopinavir and rito-
navir) and to a lesser extent by CYP2D6 (like ritona-
vir), and they both act as potent CYP3A enzyme
inducers (like ritonavir).37%621 Despite some con-
flicting results with nevirapine regarding a lack of
interaction in healthy volunteers (table III), coad-
ministration of either of these two NNRTIs with
lopinavir/ritonavir generally results in statistically
significantly decreased lopinavir plasma concentra-
tions (table III). Consequently, a 33% increase in
lopinavir/ritonavir dosage is recommended when
the coformulation is coadministered with either
nevirapine or efavirenz to achieve therapeutic lopi-
navir plasma concentrations,!'3338621 although the
clinical relevance of pharmacokinetic interactions
between nevirapine and lopinavir/ritonavir has not
been definitely established.>®!

Dosage adjustment of efavirenz or nevirapine is
not required when coadministered with lopinavir/
ritonavir, as the latter drug only marginally alters the
Cmax, Ctrough and AUC of these NNRTIs, as shown
in healthy volunteers (table III).[5>71

Intferactions with Nucleoside or Nucleotide
Reverse Transcriptase Inhibitors

Lopinavir/ritonavir is also commonly prescribed
in combination with NRTIs. However, pharmaco-
kinetic drug interactions are unlikely as their metab-
olic pathways do not involve the CYP enzymes

responsible for inactivation of lopinavir/ritonavir.
Whether lopinavir/ritonavir interferes with intracell-
ular phosphorylation of NRTIs, required for their
activation against HIV-1,%% is unknown.[!l

Administration of tenofovir disoproxil fumarate,
a nucleotide reverse transcriptase inhibitor, with lo-
pinavir/ritonavir in healthy volunteers did not result
in clinically relevant alterations of pharmacokinetics
of either drug (table I1I).1>%-60]

The oral bioavailability of both didanosine and
lopinavir/ritonavir is significantly affected by con-
current food ingestion; the extent of their absorption
is reduced (didanosine)®! or increased (lopinavir)
[figure 1]%131 by =50% in the presence of food.
Therefore, it is recommended that didanosine be
administered 1 hour before or 2 hours after lopina-
vir/ritonavir has been taken with food.!!

4.2.2 Effect of Lopinavir/Ritonavir on
Non-Antiretroviral Drugs

Both lopinavir and ritonavir inhibit CYP3A in
vitro*! and in vivo and their combination is likely to
increase plasma concentrations of other drugs meta-
bolised through this pathway, thus increasing the
risk of toxicity. The list of drugs potentially affected
in this manner and the clinical recommendations for
their concurrent use with lopinavir/ritonavir are
presented in table IV [13:4647]

In healthy volunteers, lopinavir/ritonavir 400/
100mg twice daily significantly (statistical signifi-

Table IV. Drugs whose plasma concentration can be potentially significantly increased when coadministered with lopinavir/ritonavir and

clinical recommendations for their dosage adjustmentl'5:46:47.651

Drug class (drug name)

Clinical recommendation

Antiarrhythmics (amiodarone, bepridil, lidocaine [systemic],
quinidine)

Immunosuppressants (cyclosporin, tacrolimus, rapamycin)
Anti-infective agent (clarithromycin)

Antimycobacterial agent (rifabutin®)

Dihydropyridine calcium-channel blockers (e.g. felodipine,

nicardipine, nifedipine)

Erectile dysfunction agent (sildenafil)

Lipid-lowering agent, HMG-CoA reductase inhibitor
(atorvastatin?)es]

Antifungal agents (ketoconazole,? itraconazole)

Therapeutic drug plasma concentration monitoring

Therapeutic drug plasma concentration monitoring

Dosage adjustment in patients with renal failure

Use <25% of usual dosage;® monitor closely for adverse events
Monitor closely for adverse events; adjust dosage accordingly

Use with caution at 25mg every other day; monitor closely for
adverse events

Use lowest therapeutic dosage® or consider pravastatin; monitor
closely for adverse events

Dosages >200mg once daily not recommended?

o T o

Start with <10mg of atorvastatin daily.

Q

not significant.[1546:47]

Based on effects on the Cmax and AUC in a study in 12 healthy volunteers receiving lopinavir/ritonavir 400/100mg twice daily.[546.47]
The usual dosage of rifabutin is 300mg once daily. Further dosage reduction may be necessary with long-term use.

Lopinavir/ritonavir induced a 3-fold increase in the AUC of ketoconazole as a 200mg single dose, although the change in the Cmax was

AUC = area under the drug plasma concentration-time curve; Cmax = peak plasma drug concentration.
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cance established using 90% CI) reduced the Cmax
and AUC of methadone and ethinyl estradiol (sug-
gesting the need for an alternative or backup method
of contraception for HIV-1-positive women receiv-
ing the coformulation).[’>46471 In HIV-1 infected
patients receiving lopinavir/ritonavir with stable
doses of methadone, the Cnax and AUC were simi-
larly reduced;*®! however, there was no requirement
for methadone dosage adjustment and patients did
not manifest opioid withdrawal symptoms.[*>%61 Fi-
nally, lopinavir/ritonavir may alter the plasma con-
centration of warfarin and therefore close monitor-
ing of the international normalised ratio is recom-
mended.!!

4.2.3 Effects of Non-Antiretroviral Drugs
on Lopinavir/Ritonavir

Drugs that induce CYP3A isoenzymes may in-
crease the clearance of lopinavir and lower its con-
centration in plasma, thus reducing its therapeutic
efficacy. Hence, corticosteroids, particularly dexa-
methasone, which are potent inducers of CYP-medi-
ated oxidative metabolism, should be used with
caution in patients receiving lopinavir/ritonavir.!!
Likewise, certain anticonvulsants (e.g. carbamaze-
pine, phenytoin and barbiturates) may decrease lopi-
navir plasma concentrations and warrant appropriate
dosage adjustment of the coformulation when ad-
ministered concomitantly.[!>]

5. Therapeutic Efficacy

The therapeutic efficacy of lopinavir/ritonavir
capsules and oral solution in combination with other
antiretroviral agents has been evaluated in several
clinical trials in patients with HIV infec-
tion.[3:2026.67.681 The majority of recent data are avail-
able only as abstracts or posters, although the
48-week results of three prospective, randomised,
double-blind studies®*¢7-%1 and a 6-month interim
report from a ‘national’ EAP?¥) have been fully
published.

Morbidity (e.g. incidence of opportunistic infec-
tions and malignancies) and mortality represent the
primary clinical efficacy endpoints for antiretroviral
therapy in patients infected with HIV-1. However,
the clinical trials evaluating the lopinavir/ritonavir-
based therapy in this patient population used two
surrogate markers of disease progression to deter-
mine the efficacy of the coformulation: an immuno-
logical (i.e. CD4+ cell count) and a virological (i.e.
plasma HIV-1 RNA level [viral load]) marker. Both

© Adis Data Information BV 2003. All rights reserved.

markers are highly 1:[>redictive of disease progression
to AIDS and death!®-73! and are used to guide the
decisions to initiate or change the treatment of
HIV-1 infection and to assess its effectiveness. Tri-
als in HIV-infected patients used surrogate markers.
The effects of lopinavir/ritonavir on HIV-1- and
AIDS-related morbidity and/or mortality are yet to
be established.

Lopinavir/ritonavir has been evaluated in combi-
nation with other antiretroviral agents both in HIV-
positive patients who had not previously received
antiretroviral treatment (i.e. antiretroviral therapy-
naive patients)!>26%81 and in those who had received
prior antiretroviral treatment (i.e. antiretroviral ther-
apy-experienced patients).[2026:67.74-78 The Jopinavir/
ritonavir-based regimes have been evaluated both in
comparativel320:26:56.67.681 and noncomparative!’+78!
clinical trials and separately in adults!3-20-36:67.68.74-78]
and in children!?®! infected with HIV-1.

Results from clinical trials in this section are
reported according to patients enrolled (intent-to-
treat [ITT] analysis) and to evaluable patients who
remained on study medication (on-treatment [OT]
analysis) at the time of efficacy assessment. Viro-
logical responses (i.e. plasma HIV-1 RNA levels)
are reported in both ITT and OT analyses, whereas
immunological responses (i.e. CD4+ cell counts)
correlate to OT analysis only.

All clinical trials evaluating the efficacy of lopi-
navir/ritonavir utilised two lower levels of quantita-
tion (LLQs) for plasma HIV RNA levels: <400 cop-
ies/mL and <50 copies/mL; the latter LLQ repre-
sents a more reliable predictor of durable virological
response to antiretroviral therapy.l””!

5.1 In Adults

Thus far, four ongoing, prospective, randomised,
multicentre clinical trials have investigated the effi-
cacy of lopinavir/ritonavir in combination with ei-
ther NRTIsP8! or NRTIs plus an NNRTI?%671 in
HIV-infected adults. Three trials®67:%8 were double-
blind (table V) and onel® was nonblind. Two
clinical trials included only antiretroviral therapy-
naive patients (table V).[3%81 The other two trials
included only NNRTI-naive patients with a history
of treatment with a single (i.e. single PI-experienced
patients) [table V]7! or multiple (i.e. multiple PI-
experienced patients) PI’s.?%) The phase II trials
compared the efficacy of various dose combinations
of lopinavir coformulated with ritonavir. The only
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Table V. Summary of randomised, double-blind, multicentre clinical trials of lopinavir/ritonavir (LPV/r) in adult patients (pts) with HIV
infection. All treatment regimens were administered twice daily unless stated otherwise

Reference No. of pts (duration Treatment regimen (mg)

of treatment [w])

CD4+ count
(cells/uL)

Plasma viral load
(log1o copies/mL)

Pts with plasma viral
load below LLQ (%)

baseline change at baseline change <400 <50
week 2 at study copies/mL copies/mL
end (ITT/0T)  (ITT/OT)
Dose-comparison trial in antiretroviral therapy-naive patients
Murphy et al.l®l 16 (48) [group 18] LPV/r 200/100 +3TC +d4TP 4.88 11.73¢ 471 T205¢  100/100  100**/100
16 (48) [group 18]  LPV/r 400/100 +3TC +d4TP 4.96 11.73¢ 330 T2769  81/93 50/57
35 (48) [group Il]  LPV/r 400/100 +3TC +d4T® 4.78 11.68¢ 343 T226¢  91/100*  86/94
33 (48) [group Il]  LPV/r 400/200 +3TC +d4T® 4.97 11.68° 275 T197¢  80/80 73/73
Comparison vs nelfinavir (NFV) in antiretroviral therapy-naive patients
Walmsley et al.;i®® 326 (48) LPV/r 400/100 +3TC +d4T® 4.89 260 T207  75***/93*** 67***/83***
Johnson et al.;[8%le 326 (60) 1247  74**/NR 64**/NR
Ruane et al.l&4f 327 (48) NFV 750 tid +3TC +d4T® 4.92 258 T195  63/82 52/68
327 (60) T224  61/NR 52/NR
Dose-comparison trial in single Pl-experienced, NNRTI-naive patients
Benson et al.;71 36 (48) LPV/r 400/100" +NVP' +2 NRTIs! 4.1 11.21 371 T40 67/79 56/64
Hicks et al.l85k 36 (144) ™77  53/83 44/73
34 (48) LPV/r 400/200" +NVP' +2 NRTIs! 4.0 11.07 372 T108  74/93 68/89
34 (144) T254  56/86 53/78

d4T and 3TC added from week 3.

d4T and 3TC were administered nonblind.
Combined data from group I.

Data estimated from a graph.

Combined data from group II.

Poster.

OT analysis data.

oQ ™" 0o o 0O T o

was given double-blind.

Patients received separate capsules of LPV and r until coformulated capsules became available. LPV was given nonblind while r

From day 15 patients received NVP od for 2 weeks and bid thereafter.

j  On day 15 NRTI regimen was changed to include > 1 novel NRTI. Actual drugs not reported.

k  Abstract and poster.

d4T = stavudine 40; ITT = intent-to-treat analysis; LLQ = lower limit of quantitation; NNRTI = non-nucleoside reverse transcriptase inhibitor;
NR = not reported; NRTI = nucleoside reverse transcriptase inhibitor; NVP = nevirapine 200; od = once daily; OT = on-treatment analysis;
pts = patients; tid = three times daily; viral load = HIV-1 RNA level; 3TC = lamivudine 150; | indicates decrease; T indicates increase;

*p=0.01; ** p=0.002; ***p <0.001 vs comparator regimen.

phase III trial conducted thus far compared the effi-
cacy of lopinavir/ritonavir- versus nelfinavir-con-
taining antiretroviral regimen in HIV-infected adult
patients (table V).[%8!

The efficacy of lopinavir/ritonavir coformulation
was also assessed in two prospective, nonblind,
noncomparative studies (the EAP and the ATU pro-
gramme) involving >11000 HIV-1-infected pa-
tients who had failed to respond to and/or were
intolerant to various combinations of available anti-
retroviral agents. In these patient populations lopi-
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navir/ritonavir-based regimens were evaluated as
salvage therapy options.["+78!

5.1.1 Antiretroviral Therapy-Naive Patients

Dose-Comparison Trial

Antiretroviral therapy-naive HIV-infected adults
(age 218 years) were enrolled sequentially into two
groups (group I excluded patients coinfected with
hepatitis B and/or C virus [HBV/HCV]). Patients
were then randomised to receive one of two dosage
regimens of lopinavir/ritonavir (group I: 200/100mg
or 400/100mg twice daily; group II: 400/100mg or
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400/200mg twice daily) in combination with
lamivudine and stavudine (table V).B! Inclusion cri-
teria were based predominantly on plasma HIV-1
RNA levels with no CD4+ cell count restriction;
hence patients in this phase II study presented with a
relatively high mean plasma viral load and a wide
range of immunological responsiveness at baseline.

In the initial 48-week study, the lopinavir/ritona-
vir combinations reduced plasma HIV-1 RNA and
increased mean CD4+ cell counts when combined
with two commonly used NRTIs in antiretroviral
therapy-naive patients (table V).13 Overall, the mean
reduction in plasma HIV-1 RNA from baseline was
2.23 logio copies/mL, and 85% and 92% of patients
(ITT and OT analyses) had <400 copies/mL at the
study end.’! Median time required for plasma viral
load to decrease below 400 and 50 copies/mL was
6-8 and 10-12 weeks, respectively. Patients with
baseline viral load >5 logio copies/mL generally re-
quired more time to achieve a viral load <400 cop-
ies/mL. than patients with baseline values of
<5 log1o copies/mL (12 vs 4 weeks).’] However, all
lopinavir/ritonavir-based regimens showed sus-
tained viral suppression at and beyond 20 weeks of
treatment regardless of baseline viral load.’! Pa-
tients in all treatment groups also showed a substan-
tial increase (i.e. 44-84%) in the mean CD4+ cell
count at week 48 (table V).’

In the extension of this study, after the 48-week
trial the dosage of lopinavir/ritonavir was changed
to 400/100mg twice daily in all patients and the
study was continued in a nonblind fashion. The
follow-up results to week 204 showed continued
suppression of viral load below LLQ in a substantial
proportion of patients by both ITT and OT analyses
(figure 2).180-821

The effects of the lopinavir/ritonavir-based treat-
ment on viral load and CD4+ cell count were not
influenced by patient baseline virological or immu-
nological status. For example, after 144 weeks of
treatment with the lopinavir/ritonavir-based regi-
men, the proportion of patients with plasma HIV-1
RNA levels of <50 copies/mL was similar between
patients with higher (=5 logio copies/mL) and lower
(<5 logio copies/mL) baseline viral loads (92% vs
100% and 80% vs 73%; OT and ITT analyses,
respectively).®?! Likewise, similar proportions of
patients with higher (=200 cells/uL) and lower
(<200 cells/uL) baseline CD4+ cell counts had their
viral load reduced below 50 copies/mL (98% vs
94% and 72% vs 83%; OT and ITT analyses, re-
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Fig. 2. The effect of lopinavir/ritonavir on plasma HIV-1 RNA levels
in HIV-1 infected adults. Results from the extension phase (up to
week 204) of a randomised, double-blind, dose-comparison trial in
100 antiretroviral therapy-naive patients.® In the nonblind exten-
sion phase, after the initial 48-week trial all patients received lopina-
vir/ritonavir 400/100mg twice daily, in addition to lamivudine 150mg
and stavudine 40mg twice daily.l'7:8%-821 On-treatment (OT) and in-
tent-to-treat (ITT) analyses are presented for limits of quantitation of
<400 and <50 HIV-1 RNA copies/mL.

spectively).®?l At week 204, the Kaplan-Meier esti-
mate of the proportion of patients still maintaining
virological response was 84.1%.17]

The immunological status of patients who re-
mained on treatment with lopinavir/ritonavir-based
antiretroviral regimen continued to improve steadily
and at week 204 the mean increase from baseline in
their CD4+ cell count was 440 cells/uL.!'1 Only 8
of 79 patients remaining on-treatment at weeks
144—156 had an increase from baseline in CD4+ cell
count of <100 cells/uL.. However, the final values in
all eight patients were >500 cells/uL.®"" The rate
and the amount of increase in CD4+ cell count
appeared to be consistent regardless of patient base-
line immune status.['7-8%811 BEven patients with the
most advanced disease (baseline CD4+ cell count
<50 cells/uL; n = 17) achieved a mean increase of
423 cells/uL in CD4+ count at week 204.[17]

In Comparison with Nelfinavir

A large phase III study compared the efficacy of
lopinavir/ritonavir with the PI nelfinavir in combi-
nation with two NRTIs, lamivudine and stavudine,
in 653 antiretroviral therapy-naive adult (age >12
years) patients with HIV infection (table V).[68.83.84]
Lopinavir/ritonavir ~ demonstrated  significantly
greater suppression of plasma HIV-1 RNA levels
than nelfinavir, starting from week 20 (LLQ
<400 copies/mL) and week 32 (LLQ <50 copies/
mL) and persisting through weeks 48 and 60 (table
V).[6884] Patients treated with lopinavir/ritonavir
showed only a slightly higher increase from baseline
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Table VI. Comparative efficacy of lopinavir/ritonavir versus nelfinavir in relation to baseline hepatitis status. Week 60 results from a
randomised, double-blind, multicentre trial in antiretroviral therapy-naive HIV-1-positive adults.®”] On-treatment analyses are presented

Baseline hepatitis No. of patients Mean M/F Plasma viral load CD4+ count Patients with plasma viral load
status® (% of total) age (y) (%) (log1o copies/mL)  (cells/uL) below LLQ (%)
baseline baseline mean increase <400 copies/mL <50 copies/mL
Lopinavir/ritonavir 400/100mg bid®
Positive 57 (17.5) 41 82/18 4.8 283 246° 91 76
Negative 269 (82.5) 38 79/21 4.9 255 247° 96 84
Nelfinavir 750mg tid®
Positive 68 (21) 37 78/22 5.0 244 233° 79 70
Negative 259 (79) 37 81/18 4.9 2619 219° 88 75

a On enrolment, all patients were screened for hepatitis B surface antigen and anti-hepatitis C antibody. Patients were then classified

as hepatitis positive if either test was positive.

b All patients also received lamivudine 150mg and stavudine 40mg bid in a nonblind fashion.

¢ Data estimated from a graph.

d One patient did not have a baseline CD4+ cell count measurement.
bid = twice daily; F = female; LLQ = lower limit of quantitation; M = male; tid = three times daily; viral load = HIV-1 RNA level.

in the mean CD4+ cell count than patients treated
with nelfinavir (table V).’ However, in patients
with very low CD4+ cell counts at baseline
(<50 cells/uL), lopinavir/ritonavir induced a signifi-
cantly greater increase in the mean CD4+ cell count
compared with nelfinavir after 60 weeks of treat-
ment (266 vs 198 cells/uL; p < 0.05).684

Treatment with the lopinavir/ritonavir-based trip-
le regimen was equally as effective in women as in
men with HIV-1 infection, as determined by the
percentage of patients with <50 HIV-1 RNA copies/
mL (83% vs 82% and 61% vs 65%; OT and ITT
analyses, for respective sexes) and by the mean
increase from baseline in CD4+ cell count (257 vs
244 cells/uL).1361

Patients receiving lopinavir/ritonavir-based trip-
le therapy had a significantly greater probability of
maintaining virological response at 48 and 60 weeks
than recipients of nelfinavir-based regimen (84% vs
66% and 81% vs 65%, both p<0.001 between
treatment regimens).[68-84]

A subgroup of 125 patients (lopinavir/ritonavir =
57, nelfinavir = 68) in this study were coinfected
with HBV/HCV.!®7 Baseline immunological, viro-
logical and demographic characteristics of HBV/
HCV positive and negative patients were similar
between the treatment groups (table VI).87)

After 60 weeks, on-treatment antiviral responses
(at LLQ <400 and <50 HIV-1 RNA copies/mL) and
immunological response rates (measured as increase
in CD4+ cell count) of patients within lopinavir/
ritonavir- and nelfinavir-treatment groups were sim-
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ilar in relation to patients’ baseline hepatitis status
(table VI).[871

5.1.2 Antiretroviral Therapy-Experienced Patients

Single Pl-Experienced, NNRTI-Naive Patients

A dose-comparison phase II trial investigated the
efficacy of lopinavir 400mg coformulated with rito-
navir 100 or 200mg twice daily for 144 weeks in 70
adult (age 218 years) HIV-1-infected patients who
were experiencing virological failure (defined as
plasma HIV-1 RNA level of 3-5 logio copies/mL)
with treatment regimen comprising a single PI,
alone or combined with one or more NRTI (table
V).[6785] The existing PI regimen of all patients was
replaced with one of the two lopinavir/ritonavir dose
combinations on day 1 of the study. All patients also
received nevirapine (200mg once daily for 2 weeks
from day 15, followed by 200mg twice daily there-
after) and had their baseline NRTI regimen changed
on day 15 to include at least one NRTI they had not
received previously. Ritonavir was administered in a
double-blind fashion, whereas lopinavir, nevirapine
and NRTIs were administered nonblind.[¢"!

The lopinavir/ritonavir-based regimen induced
rapid viral suppression with 80% of patients exper-
iencing 21 logio copies/mL reduction from baseline
in plasma HIV-1 RNA levels or achieving a viral
load of <400 copies/mL, within the first 2 weeks of
treatment.[”] These results were maintained at 48
weeks and for the duration of the study in patients
who continued lopinavir/ritonavir-based salvage
therapy (table V).[8%)

Drugs 2003; 63 (8)



788

Cuetkovic & Goa

The susceptibility towards lopinavir, the princi-
pal component of the drug with antiretroviral activi-
ty, was variable in HIV-1 isolated from patients
enrolled in this study. The baseline HIV-1 isolates
were 0.7-26 (mean 2.8) times less susceptible to
lopinavir than the wild-type HIV-1 (as determined
by fold increase in ICs0).1”%9 The initial viral load
decline was independent of both the baseline HIV-1
1Cs0 for lopinavir and the prior PI experience of the
study participants.[678%]

Throughout the study and up to week 144, no
statistically significant difference in the antiviral
activity was recorded between the two lopinavir/
ritonavir dose combinations.[®7#5] At week 144,
more than half of all patients enrolled still had
plasma HIV-1 RNA levels suppressed below 400
copies/mL (table V) and in almost half of them (49%
overall) it was below 50 copies/mL.!%

The lopinavir/ritonavir-based salvage therapy in-
duced a rapid improvement in CD4+ lymphocyte
count and statistically significant increase from
baseline was observed in both treatment groups at
and after week 8 (p < 0.001).1°) The mean overall
increase from baseline in CD4+ cell count at week
144 was 211 cells/uL with no statistically signifi-
cant difference between treatment groups observed
at any timepoint (table V).[8)

Multiple Pl-Experienced, NNRTI-Naive Patients

A smaller randomised, nonblind trial in multiple
PI-experienced (mean prior PIs = 3) but NNRTI-
naive HIV-infected adult patients (n =57; age >18
years) compared the efficacy of two lopinavit/rito-
navir dose combinations (i.e. 400/100mg vs 533/
133mg twice daily) in an antiretroviral regimen con-
taining efavirenz 600mg once daily and NRTIs of
the investigators’ choice over the 24-week period
(results presented only in an abstract and a post-
er).[0]

Upon enrolment all patients were randomised
into two study arms (A and B) and had their current
PI replaced with lopinavir/ritonavir 400/100mg
which they received twice daily in combination with
efavirenz and NRTIs (actual drugs not specified) for
the first 13 days of the study. Preliminary pharmaco-
kinetic analyses for lopinavir and efavirenz were
performed in all patients at day 14. Following that,
patients in arm A (n = 29) continued treatment with
the same regimen until week 24, while the patients
in study arm B (n = 28) had their lopinavir/ritonavir
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dosage increased to 533/133mg twice daily for the
duration of the trial.

After 24 weeks, the study became noncompara-
tive as all patients in study arm A converted to the
533/133mg twice-daily dosage of lopinavir/ritona-
vir. The rationale for the dose increase was provided
by pharmacokinetic analyses performed at week 5
showing that efavirenz reduced lopinavir plasma
concentrations achieved with lopinavir/ritonavir
400/100mg twice daily compared with historical
data in HIV-infected adults receiving lopinavit/rito-
navir without efavirenz (section 4.2.1 and table III).

Treatment with the lopinavir/ritonavir 533/
133mg twice-daily regimen resulted in a similar
degree of plasma viral load suppression (92% vs
80% of patients had plasma HIV-1 RNA <400 cop-
ies/mL; OT analysis)!® and a similar increase in the
CD4+ cell count (41 vs 48 cells/uL)® from base-
line, to that with the 400/100mg regimen at week 24.
In the extension of the study, treatment with the
lopinavir/ritonavir 533/133mg twice-daily regimen
maintained this level of viral load suppression up to
week 72 (67% and 61% of the ITT population, and
88% and 81% of the OT population had HIV-1 RNA
<400 and <50 copies/mL, respectively). The CD4+
cell count continued to improve and at week 72 the
mean increase from baseline among patients on
treatment was 126 cells/uL.[2%

Baseline in vitro phenotypic and genotypic sus-
ceptibility to lopinavir of viral isolates had an im-
portant influence on virological response throughout
the course of the study (section 2.3.2).[19-21]

Multiple Pl-Experienced, NNRTI-Experienced
Patients with Virological Failure

The efficacy of lopinavir/ritonavir coformulation
has also been evaluated through the prospective,
nonblind, noncomparative EAP.*771 This study re-
cruited >11 000 HIV-1-infected adult patients from
35 countries with significant prior exposure to both
PIs and NNRTIs. These patients had failed to re-
spond to and/or were intolerant to combinations of
other available antiretroviral agents and in many,
disease stage was advanced at study enrolment (ta-
ble VII). The bulk of the available data from the
EAP are from four representative countries (i.e.
Italy,[”" Germany, ! Canada,/! and Spain’”) and
are derived from posters and abstracts. Baseline
demographic and disease characteristics of patients
in each ‘national’ EAP were generally similar (table
VII). The mean duration of follow-up ranged be-
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Table VII. Overview of baseline demographic and disease characteristics of participants in the ATU programme and in the Expanded

Access Program (EAP) in four representative countries

Country of data Mean M/F Clinical category according to Karnofsky Plasma HIV-1 RNA level CD4+ cell count
origin (no. of age (%)? CDC classification for HIV score
evaluable pts) (y) infection®! (% of pts)? (mean)
AP Be cd mean (log1o >4 logio copies/ mean <200 cells/uL
copies/mL)  mL (% of pts) (cells/uL) (% of pts)
Germany (684)"% 43.0 87/12 7.9 31.7 57.2 88.3 4.41 67.5 215 55.6
Italy (1265)74 39.9 6824 22.0 24.7 39.1 91.6 4.66 70.8 224 47.7
Spain (1772)l771 39.2 74/23 226 23.6 44.3 96.2 4.37 62.1 277 42.9
Canada (1256)7%1 426 91/8 17.6 35.5 42.0 88.4 4.34 62.3 210 57.4
ATU programme  42.0 80/20 16.8 31.9 51.3 4.66 84.0 202 62.0

(3447)78)

a Unspecified data not presented; percentages from the EAP do not add up to 100.

b Asymptomatic or acute (primary) HIV or persistent generalised lymphadenopathy.

¢ Symptomatic, neither A nor C conditions.
d AIDS-indicator conditions.

ATU = Autorisation Temporaire d’ Utilisation; CDC = Centers for Disease Control; F = female; M = male; pts = patients.

tween 4.5 and 8.6[7°! months. In France the EAP
was rapidly switched to an ATU programme in
which potentially-lifesaving medications are made
available to patients prior to their approval.[?>78]
Genotype analysis of viral isolates was performed at
baseline in the ATU programme but not the EAP. In
both studies, patients received lopinavir/ritonavir
400/100mg twice daily either in tablet or liquid
form. The dosage was increased to 533/133mg if
concomitant treatment included nevirapine or
efavirenz.

In the EAP, >50% of patients achieved a viral
load of <500 copies/mL (some data estimated from
graphs).[7*771 When the virological response criteria
were expanded to also include patients with
21 logio copies/mL reduction from baseline, an

overall response was observed in =75% of patients
(some data estimated from graphs).’*771 Similarly,
in the ATU programme, =72% of patients achieved
virological response (defined as plasma HIV-1 RNA
level <400 copies/mL or =1 logio copies/mL de-
crease from baseline) after 6-month treatment with
lopinavir/ritonavir-based regimens.”! Both studies
showed a strong correlation between baseline CD4+
cell count, lopinavir mutation score and prior PI use
and the virological response to the lopinavir/ritona-
vir-based  treatment of HIV-1 infection
(p<0.01).25

An association between the lopinavir mutation
score as well as the individual PI mutations (includ-
ing lopinavir) present at baseline and the virological
response to lopinavir/ritonavir was observed in the

Table VIII. Efficacy of lopinavir/ritonavir in antiretroviral therapy-naive and -experienced children with HIV-1 infection. All patients (pts)
received lopinavir/ritonavir 300/75 mg/m2 twice daily in oral solution. Week 72 results from a nonblind, phase I/l study.?¢! Intent-to-treat

analyses are presented

Antiretroviral therapy- No. of Mean M/F (%) Plasma viral load CD4+ count Pts with plasma viral load
related pts status? pts age (y) (log1o copies/mL)  (cells/uL) below LLQ (%)

baseline baseline mean increase <400 copies/mL <50 copies/mL
Naive® 44 4.8 41/59 4.9 920* 387 89 71
Experienced® 56 5.7 45/55 45 773 435 68 55

a Pts were defined as naive or experienced if they had received <3 months or >3 months of prior antiretroviral therapy and <1 week

or >1 week of treatment with lamivudine, respectively.

b Pts received additional treatment with stavudine and lamivudine.

¢ Pts received additional treatment with nevirapine and one or two NRTIs of the investigator's choice.?®! Dosage of nevirapine was 7 mg/

kg bid for pts aged 6m to 8y or 4 mg/kg bid for older pts.['%!

F = female; LLQ = lower limit of quantitation; M = male; NRTI = nucleoside reverse transcriptase inhibitor; viral load = HIV-1 RNA level;

* p < 0.05 between patient groups.
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Spanish EAP?3! and the ATUR42399 (gee section
2.3.3 for details).

5.2 In Children

The clinical efficacy of lopinavir/ritonavir liquid
formulation has been evaluated in a nonblind, phase
I/II study in antiretroviral therapy-naive (<3 months
of prior antiretroviral therapy and <1 week of treat-
ment with lamivudine; n =44) and -experienced
(n =56) patients (children aged between 3 months
and 12 years) infected with HIV-1 (presented as a
poster!?®l). All patients were initially randomised to
receive lopinavir/ritonavir 230/57.5 mg/m?2 (n = 49)
or 300/75 mg/m2 (n = 51) in oral solution once eve-
ry 12 hours. These dosages were chosen to mimic
the exposure to lopinavir achieved in adults after
administration of lopinavir/ritonavir 400/100mg
twice daily. After the week 3 pharmacokinetic, tol-
erability and efficacy analyses, dosage of the study
drug was changed to 300/75 mg/m2 twice daily for
all study participants. In addition to lopinavir/ritona-
vir, all patients also received lamivudine and
stavudine (antiretroviral therapy-naive patients), or
nevirapine and 1-2 NRTI agents of the investiga-
tor’s choice (antiretroviral therapy-experienced pa-
tients) [nevirapine regimen was 7 or 4 mg/kg twice
daily, for patients aged 6 months to 8 years or for
older children, respectively;'>! dosages of NRTISs,
including lamivudine and stavudine, were not speci-
fied].1?0!

Demographic characteristics and the virological
status at baseline of patients in both groups in this
study were similar (table VIII). However, patients
naive to antiretroviral drug treatment had higher
CD4+ cell counts at baseline than the experienced
patients (p < 0.05) [table VIII]. Most patients in this
study had acquired HIV-1 infection in the perinatal
period (98% and 95% of antiretroviral therapy-naive
and -experienced patients, respectively).

After 72 weeks, lopinavir/ritonavir-based treat-
ment regimens adequately suppressed plasma
HIV-1 RNA levels in most patients, although over-
all responses tended to be lower in antiretroviral
therapy-experienced patients (table VIII). A larger
proportion of PI-naive, NRTI-experienced patients
(n =32) had viral load suppressed below 400 cop-
ies/mL than patients previously treated with both PI
and NRTT agents (n = 24) [81% vs 50%; p-value not
reported]. The immune status of patients in each
group continually improved throughout the study
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and at week 72 the mean increase from baseline in
CD4+ cell count was 11.2%, 9.2% and 7.7% in
antiretroviral therapy-naive, PI-/NRTI-experienced,
and PI-naive/NRTI-experienced patients, respect-
ively.?!

Antiviral activity of lopinavir/ritonavir in PI-ex-
perienced patients was influenced by baseline phe-
notype resistance of HIV-1 isolates (section
2.3.4).120

6. Tolerability

It is difficult to precisely attribute causality of
adverse events to treatment with the lopinavir/rito-
navir coformulation as associations are confounded
by patients’ concomitant therapies and the severity
of their illness.

The tolerability of the lopinavir/ritonavir coform-
ulation in combination with other antiretroviral
agents has been evaluated in both antiretroviral ther-
apy-naivel268084911 and _experienced!202674-77.85.91]
patients infected with HIV-1, in compara-
tivel2026:80.8485911 and noncomparative!’*7"! clinical
trials, and separately in adults!?0:74-77.808485911 apd
children.?®! Overall in these trials and patient popu-
lations lopinavir/ritonavir appeared to be well toler-
ated, with low rates of drug-related discontinuation
of therapy (table IX).[3491

6.1 In Adults

6.1.1 Comparative Trials

Tolerability of lopinavir/ritonavir has been eval-
uated in 553 HIV-1-infected adults from four ran-
domised, comparative, phase II/III clinical trials
(see section 5.1 and table V for study details; see
table IX for summary of adverse events and labora-
tory abnormalities).[20-80.8485.91]

The tolerability profile of lopinavir/ritonavir 400/
100mg twice daily in the phase III trial was general-
ly similar to that of nelfinavir 750mg three times
daily (table 1X).°!! The most frequently reported
adverse event of at least moderate severity was
diarrhoea in both phase I18%8391 and phase 1PV
clinical trials and in both antiretroviral therapy-na-
ivel991 and -experienced®°!1 patients. Other less
common events included other gastrointestinal (GI)
disturbances, asthenia, headache and skin rash.[®!]
Circumoral paraesthesia has not been reported with
lopinavir/ritonavir administration. In some instances
the incidence of specific adverse events in dose-
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Table IX. Incidence of adverse events of at least moderate severity (causality not established) and of grade 3/42 laboratory abnormalities in
four randomised, comparative® phase II/Ill lopinavir/ritonavir (LPV/r) clinical trials in adult patients (pts) with HIV-1 infection[20.80.84.85.91]

Results (% of pts) Phase Ill ARV-naive pts

Phase Il ARV-naive Phase Il single Pl-exp

Phase Il multiple Pl-exp

(60w)°1! pts (204w)17] pts (144w)8s] pts (48w;1011 72w20))
LPV/r+d4T+3TC NFV+d4T+3TC LPV/r+d4T+3TC LPV/r+NVP+2 NNRTIs  LPV/r+EFV+NRTIs
(n=326) (n=327) (n=100) (n=70) (n=57)

Adverse events

Diarrhoea 17 18 28 31 12

Nausea 7 5 16 3 4

Asthenia 4 3 8 6 11

Abdominal pain 4 3 10 0° 5

Vomiting 3 2 6 1° 2

Headache 3 2 8 1°¢ 4

Rash 1d 2d 4 3° 2

Laboratory abnormalities’ (60w) (60w) (204w) (144w) (72w)

Total cholesterol (>7.77 11 6 22 31 40

mmol/L)

Triglycerides (>8.25 mmol/L) 11* 2 22 22 40

AST/ALT (>5 x ULN) 6 5 11 11 4

Amylase (>2 x ULN) 4 2 59 6 11

Glucose (>13.75 mmol/L) 2 2 29 3 5

LPV/r-related therapy 4 4h 7 6° 5

discontinuations

a Severity grades based on the Division of AIDS Grading Severity of Adult Adverse Events criteria.

b Phase Il trials compared different dosages of lopinavir/ritonavir administered twice daily. The results from a trial in single PI-
experienced pts are presented for the 400/100mg cohort only,!8 with the exception of the combined results for week 96 data. In the
extension phases, after 48 and 24 weeks, of the respective trials in the ARV-naivel® and the multiple Pl-experienced?%91 pts, all
participants received lopinavir/ritonavir 400/100mg and 533/133mg, respectively, twice daily.

Week 48 data.l'®!
Week 144 data.l®']

Week 72 data.l'®!
Data from Ruane et al.[84

SKQ ™ o0 o o

Combined results for the LPV/r 400/100mg and 400/200mg cohorts at week 96.°"

Determination of laboratory values were performed without regard to fasting.

i Including one death of unknown cause 10 days after thoracic spinal surgery with perioperative myocardial infarction.

ARV = antiretroviral therapy; d4T = stavudine; EFV = efavirenz; exp = experienced; NFV = nelfinavir; NNRTI = non-nucleoside reverse
transcriptase inhibitor; NRTI = nucleoside reverse transcriptase inhibitor; NVP = nevirapine; Pl = protease inhibitor; ULN = upper limit of

normal; 3TC = lamivudine; * p < 0.001 between comparator groups.

comparison phase II trials was higher than in the
phase III trial.'8%-85911 This may be a consequence of
a longer follow-up in the phase II than the phase III
trial (204 or 144 vs 60 weeks) as well as of the
addition of specific NNRTIs (nevirapine or
efavirenz) to the treatment regimens in particular
phase II trials (see table IX for details). The tolera-
bility results from these phase II trials could have
been also confounded by the use of different dos-
ages of lopinavir/ritonavir in the initial, dose-com-
parison (i.e. 200/100mg, 400/100mg, 400/200mg or
533/133mg twice daily; see section 5.1 and table V
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for study details) and the trial extension, noncom-
parative phases (i.e. 400/100mg or 533/133mg twice
daily) and by the smaller patient populations evalu-
ated in phase II trials than in the phase III trial (table
IX).

Over 60 weeks of treatment in the phase III study,
7% of patients (antiretroviral therapy-naive) in the
lopinavir/ritonavir and nelfinavir groups had ad-
verse events consistent with changes in body fat
composition. In the lopinavir/ritonavir group these
changes included lipodystrophy, obesity and abdo-
men enlargement (2% each), and Cushingoid ap-
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pearance, multiple lipomas and gynaecomastia
(£1% each). None of these changes were associated
with grade 3/4 lipid elevations.[!]

In three dose-comparison, phase II trials, changes
in body fat composition occurred in 12% (week
144), 20% (week 96) and 7% (week 48) of antiretro-
viral therapy-naive, single PI- and multiple PI-ex-
perienced patients, respectively.!l

In all comparative, phase II/IIl clinical trials,
lopinavir/ritonavir administration was associated
with marked laboratory abnormalities (table IX),
with grade 3/4 lipid (total cholesterol and triglycer-
ides) elevations being the most common,20-80.85.911
Both abnormalities tended to occur early in the
course of treatment, remained stationary over time
and were more common in patients with prior PI
experience or higher baseline lipid levels However,
they were a rare cause of study drug discontinua-
tions and responded well to treatment with lipid-
lowering agents (but see section 4.1).°11

In the phase III trial, laboratory abnormalities
occurred with similar frequency in both treatment
groups (table IX), with the exception of grade 3/4
elevations in triglycerides levels, which occurred
more frequently in the lopinavir/ritonavir than in the
nelfinavir group (11% vs 2%; p < 0.001). Important-
ly, though, grade 3/4 triglyceride elevations were
not associated with development of pancreatitis or
discontinuation of treatment in patients receiving
either drug.[°!

It should be noted that in the phase II/I1I trials the
measurements were taken without regard to fast-
ing.[8491]

The tolerability profile of lopinavir/ritonavir was
similar in HBV/HCV positive and negative patients
with HIV-1 infection (see section 5.1.1 and table VI
for study details).®”! The incidence of grade 3/4
laboratory abnormalities through week 60 were sim-
ilar in both patient groups, although ALT elevation
(>5-fold upper limit of normal [ULN]) was signifi-
cantly more frequent in HBV/HCV positive than in
hepatitis negative patients (12% vs 3%; p < 0.05).37!
No patients discontinued treatment with lopinavir/
ritonavir because of an abnormal liver function test
or a diagnosis of clinical hepatitis.[®”]

6.1.2 Noncomparative Trials

In the EAP (see section 5.1.2 and table VII) only
serious adverse events of possible, probable or un-
known relationship to lopinavir/ritonavir were re-
ported as per protocol. Although a number of differ-
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ent events (including myocardial infarction,®! pan-
creatitis,/’>771  lactic acidosis!’ and hepatic
failurel””!) were reported in each ‘national’ EAP,
none occurred in 21% of study participants during
the mean follow-up period of =4.5-8.5 months.[7+77]

The overall incidence of adverse events in the
French ATU programme (see section 5.1.2 and table
VII) was not higher than that generally reported with
other antiretroviral regimens in experienced pa-
tients, with 836 (22%) events occurring in 356 of
3819 enrolled (9%) patients. The majority of ad-
verse events were related to the GI system and the
body as a whole (7.1% and 5.5%, respectively), with
diarrhoea, nausea and vomiting, and abdominal
pain, asthenia and fever being the most common
events in the respective categories. Drug-related dia-
betes mellitus and pancreatitis both occurred in
=0.1% of cases. Hyperlipidaemia and hypercholes-
terolaemia were reported in <1% of patients. Dis-
continuations of treatment because of adverse
events of possible, probable or unknown relation-
ship to lopinavir/ritonavir were also infrequent (2%)
and were primarily related to GI adverse events.
There were no study drug-related deaths during the
course of the programme.*?!

In addition, a recent case report described two
patients with AIDS who developed potentially fatal
bradyarrhythmia shortly after commencement of lo-
pinavir/ritonavir 400/100mg twice daily as part of
antiretroviral therapy.[®*

6.2 In Children

The liquid formulation of lopinavir/ritonavir
300/75 mg/m2 administered twice daily was very
well tolerated by antiretroviral therapy-naive
(n=44) and -experienced (n = 56) HIV-1-infected
children, with only one lopinavir/ritonavir-related
discontinuation of the treatment up to week 72 (pan-
creatitis in a child with elevated baseline amylase
levels).[2]

The incidence of adverse events of at least mod-
erate severity and of probable or possible relation-
ship to lopinavir/ritonavir was low; the most com-
monly reported adverse event occurring in 2% of
patients was skin rash; allergic reactions, fever, viral
infections, constipation, hepatomegaly, pancreatitis,
vomiting, dry skin and taste perversion all occurred
in 1% of patients.?! Development of lipodystrophy
was not reported in this study.
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Biochemical abnormalities of grade 3/4 severity
were also infrequent occurring in 6% (amylase
>2.5xULN), 5% (AST/ALT >10xULN) and <3%
(total bilirubin >2.9xULN, total cholesterol
>7.7 mmol/L, triglycerides >8.25 mmol/L and pan-
creatic amylase >2xULN) of patients.°!

7. Pharmacoeconomic Analyses

Thus far, two pharmacoeconomic models have
been used to estimate the 60-week,**! 5-year!®>]
and lifetime!®“®! cost consequences of initiating
antiretroviral therapy with lopinavir/ritonavir versus
nelfinavir as the PI component in the triple regimen
(in combination with lamivudine and stavudine).
Both models utilised the results from a phase III
study (section 5.1.1) in 625 antiretroviral therapy-
naive HIV-infected patients and are reported as ab-
stracts.[94-96]

The benefit of 22.1% higher 60-month response
rate (at <400 HIV-1 RNA copies/mL) with lopina-
vir/ritonavir compared with nelfinavir conveyed a
potential net cost savings (calculated in 2002 $US)
of $US1454.14 per patient per 60 months of treat-
ment in a decision-tree cost-analysis model.®* The
acquisition costs for both drugs were assumed equal,
the cost of therapy included antiretroviral drugs,
clinical visits and, for patients who failed to respond
to treatment, drug resistance testing, additional
monitoring and treatment of AIDS-related events.
When the regimen for patients who failed to respond
to therapy was changed to two PIs plus two NRTIs,
a PI plus an NNRTT plus two NRTIs, or a PI plus
two NRTIs, the estimated cost savings per patient
were $US2704.38, $US1928.46, and $US838.35,
respectively, over 60 months.[*¥

In a cost-utility analysis, potential 5-year cost
savings per patient were estimated to be $US4011
for lopinavir/ritonavir compared with nelfinavir,!
assuming an acquisition cost of $US18 per day for
either drug and an estimated 5-year treatment re-
sponse rate of 26% and 23% for each regimen,
respectively.® The estimated incremental cost ef-
fectiveness ratio was $US3423 per quality-adjusted
life-year (QALY) for lopinavir/ritonavir versus nel-
finavir, which is comparable to values calculated for
generic antihypertensive medications./®® As the sec-
ond model also predicted median survival of 13.3
and 12.8 years, respectively, for patients initiating
therapy with lopinavir/ritonavir and nelfinavir, the
lifetime benefit of the former treatment was estimat-
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ed at $US18 899 per QALY compared with the
latter treatment.[>! In the second model currency
years were not stated, nor were discount rates men-
tioned.

8. Dosage and Administration

Coformulated lopinavir/ritonavir is available for
oral administration in capsule (133.3mg lopinavir
and 33.3mg ritonavir) and liquid (80/20 mg/mL)
formulations.">! The recommended dosage for
adults, in the US, for the treatment of HIV-1 infec-
tion is 400/100mg (three capsules or 5SmL oral solu-
tion) twice daily.!'>! In children aged 6 months to 12
years, the recommended dosage of the oral solution
is 12/3 mg/kg for those 7 to <15kg of bodyweight
and 10/2.5 mg/kg for those 15—40kg (approximately
equivalent to 230/57.5 mg/m2) administered twice
daily.!'5! In the US, the coformulation is approved
for use in both antiretroviral therapy-naive and -
experienced patients.”” In order to improve its oral
bioavailability (section 3.1.1), the coformulation
should be administered with meals of moderate-to-
high fat content.!!+!3]

Lopinavir/ritonavir coformulated capsules and
oral solution should be stored refrigerated (at
2-8°C) until dispensed and used within 2 months
after reaching room temperature (up to 25°C).[1!

The drug is indicated for use only in combination
with other antiretroviral agents.['>! When coadmin-
istered with either nevirapine or efavirenz (and
probably with amprenavir), the dosage of lopinavir/
ritonavir should be increased by 33% (i.e. to 533/
133mg and 300/75 mg/m2, in adults and children
[aged <12 years], respectively, twice daily) to
achieve therapeutic lopinavir plasma concentrations
(section 4.2.1).113:33:38621 Appropriate dosages of am-
prenavir, saquinavir and indinavir when adminis-
tered in combination with lopinavir/ritonavir have
not yet been established."”!

As lopinavir and ritonavir are both metabolised
principally by the liver (section 3.3) and the
pharmacokinetic properties of the coformulated
drugs have not been established in patients with
hepatic impairment (e.g. patients with AST/ALT
levels >2.5-367 or >3-fold!® the ULN were exclud-
ed from randomised, double-blind, multicentre
clinical trials), the drug should be administered with
caution in this patient population.[>! Since <3% of
the lopinavir dose is excreted unchanged in the urine
after multiple-dose administration of lopinavit/rito-
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navir (section 3.4), the impact of renal insufficiency
on lopinavir elimination is likely to be minimal.

A number of clinically important drug interac-
tions have been reported with lopinavir/ritonavir
(section 4), necessitating dosage adjustments of lo-
pinavir/ritonavir and/or the interacting drugs (sec-
tion 4.2, table III and IV). Several drugs are contra-
indicated in patients receiving the coformulation
(table II and section 4.1).

Data on lopinavir/ritonavir use in pregnant wo-
men are currently not available and the drug should
be used during pregnancy only if the potential bene-
fit justifies the potential risk to the fetus.!'> In the
US, lopinavir/ritonavir is classified under pregnancy
category C.[%)

Whether lopinavir is secreted in human milk is
unknown, although this has been demonstrated in
studies in rats.['® Nevertheless, HIV-infected
mothers receiving lopinavir/ritonavir should not
breast-feed to avoid risking both serious adverse
reactions in and postnatal transmission of HIV to
their nursing infants.!

As increased spontaneous bleeding has been
reported in patients with haemophilia A and B re-
ceiving PIs (despite the lack of evidence of a causal
relationship), caution should be exercised when ad-
ministering lopinavir/ritonavir to this patient
group.!d

9. Place of Lopinavir/Ritonavir in the
Management of HIV Infection

According to estimates from the Joint United
Nations Programme on HIV/AIDS (UNAIDS) and
the WHO, 37 million adults and 3 million children
(aged <15 years) were living with HIV at the end of
2001.1%81 This is >50% higher than the figures pro-
jected by WHO in 1991 on the basis of the data then
available. In 2001 an estimated 5 million people
became infected with HIV-1 and 3 million died from
HIV/AIDS globally, despite the use of antiretroviral
therapy which reduced HIV-1- and AIDS-related
deaths in developed countries.[*®

The pandemic of HIV-1 infection and its fatal
prognosis emphasise the need for effective antiretro-
viral therapy. The use of agents targeting HIV-1
reverse transcriptase has been limited by the emer-
gence of treatment-limiting toxicities (of both NR-
TIs and NNRTIs), development of resistant mutants
(mostly with NNRTIs) and the inability to provide
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adequate long-term suppression of viral replication
(NRTIs).MM

On the other hand, inhibitors of HIV-1 protease,
another essential viral enzyme, can effectively sup-
press viral replication (decrease the plasma viral
load) and induce substantial immune system recov-
ery (increase the CD4+ cell count).l'! However, their
use is generally limited by modest oral bioavailabili-
ty and short ty, producing low Cirough and requiring
frequent administration of high doses (i.e. large
number of ‘pills’) to achieve antiretroviral efficacy
in vivo. The downside of the latter is development of
significant adverse events which, coupled with strict
dietary restrictions and the high pill burden of PIs,
may compromise patients’ adherence to the PI-
based treatment regimens.

A variety of antiretroviral drugs, approved by the
US FDA, are currently available for the treatment of
HIV-1 infection.'*?) They are classified according
to their mechanism of action as either NRTIs (e.g.
abacavir, didanosine, lamivudine, stavudine, te-
nofovir disoproxil, zalcitabine, zidovudine), NNR-
TIs (e.g. delavirdine, efavirenz, nevirapine) or Pls
(e.g. amprenavir, indinavir, lopinavir, nelfinavir, ri-
tonavir, saquinavir)."%! The best treatment results,
in terms of both the clinical outcomes and surrogate
markers, are achieved with regimens containing
three or more antiretroviral drugs.’%3!1 The most
commonly recommended triple combination antire-
troviral drug regimens include a dual NRTI plus
either a PI (PI-triple), an NNRTI (NNRTI-triple) or
a third NRTI (triple-NUC).['01

Pharmacokinetic enhancement by low-dose rito-
navir has been previously shown to produce sus-
tained plasma concentrations of PIs, including lopi-
navir, in excess of those required to completely (i.e.
below LLQ) suppress viral replication.[4>102-1041 This
pharmacological ‘boost’ also reduces the dosage
and administration frequency of PIs in combined
regimens. Coformulated lopinavir/ritonavir has
been developed to maximise these pharmacokinetic
benefits and to improve patient compliance by the
more convenient (twice-daily) administration regi-
men, and is available in capsule and liquid formula-
tions.!3! Coformulated lopinavir/ritonavir is cur-
rently regarded as a first-choice agent for the treat-
ment of patients with HIV-1 infection in
combination with other antiretroviral agents.!!

In the US and Europe, the lopinavir/ritonavir
coformulation is approved for use in combination
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with other antiretroviral agents for the treatment of
HIV-1 infection in both antiretroviral therapy-naive
and -experienced patients (section 8). The optimal
lopinavir/ritonavir dose combination is 400/100mg
in a twice-daily regimen, administered with moder-
ate-to-high fat content meals (section 3.1.1 and sec-
tion 8) as determined in single- and multiple-dose
pharmacokinetic studies in adults (both healthy vol-
unteers and HIV-1-infected patients).[*!4?7 The cur-
rent treatment guidelines!! strongly recommend the
use of coformulated lopinavir/ritonavir in combina-
tion with two NRTIs as a first-line option for the
treatment of HIV-1 infection in patients with no or
limited prior antiretroviral drug experience.

The effects of lopinavir/ritonavir on primary
clinical endpoints of HIV-1 infection (disease pro-
gression to AIDS and death) have not yet been
studied. However, lopinavir/ritonavir-based triple
and quadruple antiretroviral drug regimens provide
effective suppression of plasma HIV-1 load (below
LLQ) and a sustained immunological response
(measured by increasing CD4+ cell counts), as con-
firmed in randomised, double-blind, multicentre
clinical trials in both antiretroviral therapy-naive
and -experienced adults (see section 5.1.1 and 5.1.2,
and table V for details) and nonblind trials in ‘exper-
ienced’ adults (section 5.1.2) and children (section
5.2).

Studies comparing the therapeutic efficacy of
lopinavir/ritonavir with that of other antiretroviral
agents are sparse. In the only comparative phase III
study published thus far,!%8334 Jopinavir/ritonavir
in combination with lamivudine and stavudine
showed significantly greater and more durable sup-
pression of viral load than nelfinavir combined with
the same two NRTIs (table V and section 5.1.1).
Likewise, lopinavir/ritonavir induced significantly
greater immune system recovery than nelfinavir, in
patients with baseline CD4+ cell counts <50 cell/
pL. A large, randomised, nonblind, multicentre,
phase IV clinical trial is currently underway to com-
pare the efficacy and safety of ritonavir-boosted
lopinavir- versus saquinavir-based treatment regi-
mens in HIV-1-infected patients (n = 326) who are
naive or experienced to prior PI use.['% Compara-
tive studies of ritonavir-boosted PIs (including lopi-
navir/ritonavir) versus NNRTIs would further aid
decisions in selecting the best regimens for the treat-
ment of HIV-1 infection.

The lopinavir/ritonavir-based PI-triple regimens
appear to have greater potential for long-term suc-
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cess in the treatment of antiretroviral therapy-naive
HIV-1-infected patients than other triple combina-
tion antiretroviral regimens (i.e. other Pl-triple,
NNRTI-triple and triple-NUC). A systematic re-
view!!% of 23 clinical trials, involving 19 such triple
regimens in 3257 antiretroviral therapy-naive pa-
tients, estimated that, after 48 weeks of treatment,
45-51% of enrolled patients would still have plasma
HIV-1 RNA levels <50 copies/mL, whereas, for the
same timepoint and level of suppression, the lopina-
vir/ritonavir-based triple regimens are generally ef-
fective in 67-100% (ITT analysis)*%81 of ‘naive’
patients with similar baseline characteristics (e.g.
median plasma viral load and CD4+ cell
count%83%0) This high level of viral suppression in
‘naive’ patients has been maintained with the lopi-
navir/ritonavir-based triple regimen even after 4
years of therapy (section 5).[7]

Thus far, the emergence of resistance to antiretro-
viral agents, including PIs, has been one of the
greatest obstacles to the successful long-term treat-
ment of HIV-1 infection. Incomplete suppression of
viral replication during therapy fosters the emer-
gence of resistant virus strains, leading to a resur-
gence of high-level replication and virological fai-
lure. Improved suppression of viral replication (i.e.
achieved more rapidly and sustained for longer
time) by the lopinavir/ritonavir-based regimens ap-
pears to prevent or delay development of drug resis-
tance to lopinavir and cross-resistance to other PIs.
This is reflected in the absence and low percentage
of mutant HIV-1 strains with resistance to coform-
ulated lopinavir/ritonavir in antiretroviral therapy-
naive and -experienced patients, respectively, to
date (section 2.3). However, these observation await
further confirmation from long-term studies that
will incorporate HIV-1 genotyping at baseline.

Lopinavir/ritonavir-based regimens have demon-
strated better virological response in patients
harbouring HIV-1 with five or less PI mutations
than in patients carrying HIV-1 with more than five
PI mutations associated with reduced susceptibility
to lopinavir (section 2.3.2 and 2.3.2).120:23:241 This
suggests that five PI resistance mutations represents
the point at which clinically relevant reduction of
sensitivity to lopinavir begins to occur.?*** The
correlation of virological response to baseline lopi-
navir phenotype and mutation score observed in
these studies suggests that baseline genotype and/or
phenotype testing may be beneficial in optimising
the use of the lopinavir/ritonavir coformulation for
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the treatment of HIV-1 infection in PI-experienced
patients.

The lopinavir/ritonavir-based triple regimens ap-
pear to be equally effective in women and men with
HIV-1 infection (section 5.1.1).186] This is important
as recent reports indicate a dramatic rise in HIV-1
infection rates in women worldwide.l'%! According
to the UNAIDS, almost one-third of all de novo
acquired infections in the US now occur in wo-
men.107]

Similarly, the baseline hepatitis B/C status of
HIV-positive adults (both men and women) does not
appear to modify the effectiveness (section 5.1.1 and
table VI) or overall tolerability (section 6.1.1) of the
lopinavir/ritonavir-based PI triple regimens. How-
ever, treatment should be administered with caution
in patients with hepatic impairment,['3! as both lopi-
navir and ritonavir are metabolised principally in the
liver (section 3.3) and their pharmacokinetic proper-
ties in this patient population are not yet established
(section 3.5 and 8).

A number of clinically important drug interac-
tions have been reported with lopinavir/ritonavir
(section 4), necessitating dosage adjustments of lo-
pinavir/ritonavir and/or the interacting drugs (sec-
tion 4.2, table IIT and IV). Several drugs are contra-
indicated in patients receiving the coformulation
(table II and section 4.1).

Intravenous use of illicit drugs and ‘needle-shar-
ing’, is frequent among HIV-positive individuals
and represents the second most common route of
HIV-1 infection transmission globally (estimated
5-10% of total HIV transmissions).!'®] The metha-
done maintenance programmes are a form of treat-
ment of opioid abuse and dependence. Recent re-
ports*3601 suggested that lopinavir/ritonavir could
be the preferred antiretroviral agent for use in
HIV-1-infected patients participating in these
programmes because the coformulation neither
changes the methadone dosage requirements nor
precipitates opioid withdrawal symptoms (unlike
nevirapine!'%-1"1 and efavirenz!''") [section 4.2.2].

Mycobacterial tuberculosis is an AIDS-defining
condition in patients with laboratory evidence of
HIV-1.1% Coadministration of the antimycobacter-
ial agent rifampicin with lopinavir/ritonavir at stan-
dard dosages is not recommended because of
pharmacokinetic interactions leading to subther-
apeutic lopinavir exposure and possible develop-
ment of resistance (see section 4.1 for details). How-
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ever, appropriate lopinavir/ritonavir dosage adjust-
ment (section 4.1) in conjunction with therapeutic
drug monitoring may permit concurrent use of ri-
fampicin for the treatment of tuberculosis in patients
with HIV-1 infection.

Antiretroviral therapy can be used to effectively
decrease levels of HIV-1 RNA in both plasma and
the anatomical sanctuary sites such as the genital
tract!! 121131 apnd CSF,"!4 which have been described
as viral reservoirs.[''> 117l However, unlike other PIs
such as indinavir3®!'% and amprenavir,!''¥! both lo-
pinavir (section 3.2) and ritonavirl''’! penetrate
poorly from the bloodstream into the seminal plas-
ma or cervicovaginal secretions, allowing for in-
complete suppression of viral replication and devel-
opment of resistant viral strains in these body com-
partments. Consequently, the presence of resistant
HIV-1 strains in the genital tract presents a risk to
both the patient (from systemic virological failure
through re-infection with HIV-1 strains resistant to
current therapy) and his/her sexual partner(s) [of
acquiring an infection with an HIV-1 strain that is
potentially more difficult to treat].l''>!13! It is, there-
fore, necessary to combine lopinavir/ritonavir with
antiretroviral drugs known to penetrate well into the
human genital tract (the NRTIs zidovudine,!!?%121]
lamivudine,'2!122] stavudine!'??! and abacavir;'?!
the NNRTIs nevirapine!'??! and efavirenz;!'?* or the
PIs indinavirl3*3¢:1141 and amprenavir!''®)). Penetra-
tion of lopinavir and ritonavir into CSF also appears
to be very low (section 3.2).

In phase II/IIT clinical trials, lopinavir/ritonavir
was well tolerated as indicated by the low rates of
drug-related therapy discontinuations in both antire-
troviral therapy-naive and -experienced patients (ta-
ble IX). This is in contrast to ‘high-dose’ ritonavir,
which has the highest adverse event-related drug
discontinuation rate among PIs.l'>! The tolerability
profile of lopinavir/ritonavir may be preferable to
that of indinavir, which is associated with nephroli-
thiasis,'?®! and is very similar to that of nelfinavir
(table IX), except for the higher incidence of grade
3/4 triglycerides elevation observed with the co-
formulation in antiretroviral therapy-naive patients
(section 6.1.1). The coformulation appears to be
associated with marked hypertriglyceridaemia and
hypercholesterolaemia more frequently in patients
failing prior treatment with multiple PIs than in
antiretroviral therapy-naive patients, as well as in
patients with elevated baseline triglycerides and
cholesterol levels (section 6.1.1 and table IX). The
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clinical significance of these lipid abnormalities,
which have been associated with the use of PIs in
general, lies in their predisposition for development
of cardiovascular events and pancreatitis.[!! There-
fore, treatment with lopinavir/ritonavir should be
accompanied by monitoring for lipid abnormalities
and may require cautious use of lipid-lowering
agents (see section 4.1 and 4.2.2 for possible drug
interactions with the coformulation).

As with other PIs,l'! the most common adverse
events in adults, of at least moderate severity, asso-
ciated with lopinavir/ritonavir are GI disturbances
(diarrhoea being the most frequently reported) [table
IX and section 6.1]. The other common adverse
events (asthenia, headache and skin rash) tend to
occur less frequently with lopinavir coformulated
with ‘low-dose’ ritonavir (table IX) than with ‘high-
dose’ ritonavir alone.!'?”1?8) Circumoral paraesthe-
sia, a common adverse event and a cause of treat-
ment discontinuation with ‘high-dose’ ritona-
vir,?71281 i5 not observed with the lopinavir/ritona-
vir coformulation.

In children, the incidence of adverse events asso-
ciated with lopinavir/ritonavir of at least moderate
severity appears to be low (section 6.2). In both
adult and paediatric populations, serious adverse
events (such as pancreatitis, myocardial infarction,
lactic acidosis and hepatic failure) [section 6.1.2 and
6.2) have occurred infrequently during lopinavir/
ritonavir therapy.

The use of PI drugs in the treatment of HIV-1
infection has been associated with development of
lipid abnormalities (elevated serum cholesterol and
triglyceride levels) as well as metabolic disorders
including insulin resistance and diabetes mellitus,
body fat redistribution (lipodystrophy), and cardio-
vascular disorders such as myocardial infarc-
tion.['2%-1371 Lipodystrophy is of particular concern
as many patients become reluctant to accept treat-
ment with PIs because of their potential to induce
cosmetic changes in body shape (e.g. loss of fat from
the face and limbs, accumulation of visceral fat in
the abdomen, breast enlargement and occasional
formation of a ‘buffalo hump).[129-131.135.138] Devel-
opment of Cushingoid appearance thus becomes an
obvious stigma of HIV-1 infection and the antiretro-
viral treatment received for it. Changes in body fat
composition have been observed in a small percent-
age of adult antiretroviral therapy-naive patients
(7% over 60 weeks; section 6.1) receiving lopinavir/
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ritonavir-based treatment. However, it is possible
that these findings may differ with wider clinical
experience, as effects of disturbances in lipid metab-
olism tend to develop over time and should be
actively monitored.

The cost effectiveness of the PI- and NNRTI-
triple therapies in the management of HIV-1 infec-
tion have been previously well established (in com-
parison with no antiretroviral therapy or with mono-
, dual- and triple-NUC therapies) in the US, Europe
and Canada.l'**'#1l' Pharmacoeconomic data on lo-
pinavir/ritonavir use in the treatment of HIV-1 in-
fection are limited but the available analyses suggest
a cost savings with its use in comparison with nelfi-
navir (section 7).

Although the acquisition costs of particular drugs
may vary, coformulated lopinavir/ritonavir main-
tains the potential advantage of low ‘pill burden’
and ‘single-pill’ administration over the other PIs.
At the recommended dosage for adults and adoles-
cents (section 8) coformulated lopinavir/ritonavir is
administered as three capsules twice daily. In con-
trast, recommended regimens of other PIs range
from 5-8 capsules or tablets twice daily!!?7-142143] to
2-6 capsules three times per day.!'26:1431441 Daily pill
burden of lopinavir/ritonavir (six capsules) com-
pares favourably with those of saquinavir!!4>1461 and
amprenavir 421471 (eight capsules each) but less
favourably with indinavir (four capsules),!'43-1501 in
most clinically accepted regimens for PIs coadmin-
istered with a ‘low-dose’ ritonavir. The low pill
burden of lopinavir/ritonavir is expected to improve
adherence to the treatment regimen,*”! whereas its
administration in coformulated capsules eliminates
the possibility that patients may take the active PI
(lopinavir) without its pharmacokinetic enhancer
(ritonavir). Consequently, administration of lopina-
vir/ritonavir in the same capsule reduces the risk of
subtherapeutic lopinavir plasma concentrations and
the possible development of viral resistance.

Like all other available therapies, lopinavir/rito-
navir is, however, not a cure for AIDS and patients
treated with this drug may still continue to develop
illnesses associated with advanced HIV-1 infection,
including opportunistic infections. Lopinavir/ritona-
vir has also not been shown to reduce the risk of
transmission of HIV-1 infections to others through
sexual contact or blood contamination.['>! The safety
and efficacy of lopinavir/ritonavir have not yet been
studied in pregnant women and neonates.
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In conclusion, coformulated lopinavir/ritonavir is
a novel PI that, in combination with other antiretro-
viral agents, suppresses plasma viral load and en-
hances immunological status in therapy-naive and -
experienced patients with HIV-1 infection. Lopina-
vir/ritonavir appears equally effective in adults and
children and in both sexes, although data in children
are limited, and more effective than nelfinavir in
antiretroviral therapy-naive patients. The coform-
ulation is also suitable for ‘salvage’ therapy, be-
cause of its high barrier to development of resis-
tance. Given its clinical efficacy, a tolerability pro-
file in keeping with this class of drugs, a favourable
resistance profile and easy-to-adhere-to administra-
tion regimen, coformulated lopinavir/ritonavir
should be regarded as a first-line option when in-
cluding a PI in the management of HIV-1 infection.
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