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Preface
]

As we enter a new millennium, it is clear that the AIDS pandemic is not
going away. United Nations AIDS statistics indicate that in 1999 alone 2.6
million individuals succumbed to this disease. Cumulatively, since 1980, 16
million have died from AIDS, and despite remarkable medical advances,
HIV-1 infections remain on the increase. Today, more than 33 million
persons globally are living with HIV-1; 5.6 million of these were newly
infected in 1999. Regrettably, the disease burden is highest in nations that
have the most limited medical resources. Hence, 25% of all adults in
Botswana, Zimbabwe, Swaziland, and Namibia are AIDS carriers. Every
minute, in sub-Saharan Africa, 10 new individuals become infected with
HIV-1. Worldwide, 95% of HIV-1 infections are in developing countries.

In view of these rather daunting numbers, one might think that research-
ers have made little progress in the study of HIV. This, in fact, is far from
the truth. Since its initial identification and isolation in 1983, HIV-1 has
become one of the best-elucidated viruses. Arguably, today we understand
more about the workings of HIV-1 than of any other virus. In parallel,
chemotherapeutic advances in the treatment of AIDS have also been impres-
sive. From the combined efforts of many investigators, we currently have a
large armamentarium of specific anti-HIV-1 reverse transcriptase (RT) and
protease inhibitors. These antivirals work. Mortality from AIDS in devel-
oped countries that use RT and protease inhibitors has been significantly
reduced. However, it is equally evident that, as yet, no chemotherapeutic
regimen is curative.

How then might one view the AIDS question in the coming years? Better
chemical antivirals are unlikely to be the final answer. The cost of chemical
antivirals (currently around US$ 20,000 per person per year) makes this
route prohibitive for developing nations. Chemical antivirals also have seri-

Xix
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ous side effects that render questionable the ability of patients to sustain
lifelong therapy. Additionally, we do not yet fully understand the ultimate
scope of multi-drug-resistant viruses that are emerging in RT- and protease-
inhibitor-treated individuals. Considered thusly, it is understandable how
one prevailing view is that a practical, globally applicable solution for AIDS
rests with the development of effective mass vaccination. However, the
possibility that there are other yet-thought-of means for resolving the AIDS
pandemic cannot be excluded.

This two-volume set of Advances in Pharmacology brings together 26
teams of authors for the purpose of describing where we have been in HIV-1
research and to explore where we might want to go in the future. The goal
was to combine expositions on fundamental mechanisms of viral expression
and replication with findings on viral pathogenesis in animal models and
applications of chemotherapeutics in human patients. The authors were
asked to survey the structures and functions of all the open reading frames
of the HIV-1 genome as well as the roles of several noncoding regulatory
RNA sequences. More importantly, each was encouraged to propose new
ways for therapeutic intervention against HIV-1. In this regard, many inter-
esting and novel ideas on HIV vaccines, gene therapy, and small-molecule
inhibitors for viral envelope—cell fusion, viral assembly, integration, and
gene expression are presented.

It is no accident that most of the authors in this set are some of the
younger (late-30s, mid-40s), albeit authoritative, researchers on HIV. Likely,
AIDS will defy a quick solution. Considering this and the fact that a major
goal of this set is to explore new ideas rather than simply review past
progress, I particularly wanted to assemble colleagues who, after having
proposed interesting solutions for HIV, will be around to test, refine, and
execute those ideas even if such were to require 10, 20, or 30 years. With
some measure of luck, I and most of my co-authors will be here when the
AIDS pandemic is solved. I wait with anticipation and interest to see whose
ideas raised in these two volumes will be the ones that withstand the test
of time.

Putting together this set has been an interesting learning experience for
me. I thank all the authors for their enthusiastic participation. At the outset,
I had thought that it would be difficult to recruit a sufficient number of
busy researchers to write chapters for this project. However, I was pleasantly
surprised when 26 of the 30 invited colleagues promptly agreed to contribute.
Along the way, another colleague remarked to me that he did not want to
write a chapter because “nobody important reads HIV books anymore.”
That comment taken, it remains my hope that some ‘“unimportant” readers
of these two volumes might nevertheless be spurred by its content to do
important work in the fight against AIDS.

In closing, I thank Tom August for inviting me to edit these volumes.
I am grateful to the late George Khoury, who asked me 14 years ago to
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work on the HIV Tat protein, and to Malcolm Martin, with whom I have
discussed and debated various aspects of HIV biology for the past 12 years.
Tari Paschall, Judy Meyer, and Destiny Irons from Academic Press have
been wonderfully helpful, and Michelle Van and Lan Lin have provided
excellent secretarial assistance. Finally, I appreciate the endless patience and
understanding of my wife (Diane) and children (David, Diana, and John),

who have, year-upon-year, put up with the abnormal working hours of an
HIV researcher.

Kuan-Teb Jeang
January 14, 2000
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HIV Therapeutics: Past, Present,

and Future
]

Since the early 1990s, the number of available drug therapies for human
immunodeficiency virus type 1 (HIV-1) infection has increased from 1 to
14. The number of drug types or classes has simultaneously increased from
one to three. With this explosion in pharmaceutical armamentarium,
potent anti-HIV-1 combination therapies became possible. In 1994, there
was debate over whether drug therapy conferred long-term benefit to
HIV-1-infected patients (1994). By 1996, researchers were suggesting that
with prolonged combination drug therapy, eradication of HIV-1 might be
possible (Perelson et al., 1997). While the initial hypothesis regarding eradi-
cation of HIV-1 has proved to be wrong (Finzi et al., 1999), many patients
can now achieve indefinite suppression of HIV-1 replication using combina-
tion therapy (Stanley and Kaplan, 1998).

This chapter is an overview of antiretroviral therapy in three parts.
Under the first section we discuss the individual drugs and their pharmacol-
ogy, including mechanism of action, pharmacokinetics, major adverse ef-

Advances in Pharmacology, Volume 49
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2 Abu-ata et al.

TABLE | Nucleoside Reverse Transcriptase Names, Abbreviations,
and Formulations

Compound ~ Abbreviation  Trade name  Analog of Formulation(s)
Zidovudine’  ZDV’ or Retrovir Deoxythymidine  100-mg capsules, 300-mg
AZT tablet; 10-mg/ml IV

solution; 10-mg/ml
oral solution

Lamivudine’ 3TC" Epivir Deoxycytidine 150 mg tablets; 10-mg/
ml oral solution

Didanosine ddl® Videx Deoxyadenosine  25-, 50-, 100-, 150-mg
tablets, 167-, 250-mg
sachets

Zalcitabine  ddC’ HIVID Deoxycytidine 0.375-, 0.75-mg tablets

Stavudine d4T? Zerit Deoxythymidine  15-, 20-, 30-, 40-mg
tablets

Abacavir ABC? Ziagen Deoxyguanosine  300-mg tablets; 20-mg/

ml oral solution

@ Zidovudine (300 mg) and lamivudine (150 mg) formulated together in Combivir tablets.
b Abbreviation used in text of article.

fects, and significant drug interactions. Under the second section we summa-
rize the major clinical trials of anti-HIV-1 compounds in adults. Finally,
under the third section we discuss the current role of these drugs in the
management of HIV-1 infection of adults.

I. Individual Drugs and Their Pharmacology

HIV-1 has three viral enzymes, reverse transcriptase, protease, and integ-
rase; each of these enzymes is essential in the virus life cycle (Watkins et
al., 1995). To date, anti-HIV-1 drugs have targeted reverse transcriptase
and the viral protease. As mentioned above, there currently are three classes
of anti-HIV-1 drugs:

1. Nucleoside reverse transcriptase inhibitors (NRTIs) (Table I).
2. Nonnucleoside reverse transcriptase inhibitors (NNRTIs) (Table II).
3. Protease inhibitors (PIs) (Table III).

TABLE Il Nonnucleoside Reverse Transcriptase Inhibitors Names
and Abbreviations

Compound Abbreviation Trade name Formulation
Nevirapine NvP Viramune 200-mg tablets
Delavirdine DLV Rescriptor 100-mg tablets

Efavirenz EFV Sustiva 50-, 100-, 200-mg capsules
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TABLE lll Protease Inhibitors Names, Abbreviations, and Formulations

Compound Abbreviation Trade name Formulation(s)

Ritonavir RTV Norvir 100-mg capsules; 600-mg/
7.5-ml oral solution

Saquinavir-HGC? SQV-HGC Invirase 200-mg capsules

Saquinavir-SGC* SQV-SGC Fortovase 200-mg capsules

Indinavir IDV Crixivan 200-, 250-, 400-mg
capsules

Nelfinavir NFV Viracept 250-mg tablets; 50-mg/
gm oral powder

Amprenavir AMP Agenerase 50-, 150-mg capsules

? Saquinavir is available in hard-gel capsules (HGC) and soft-gel capsules (SGC).

For convenience, dosing recommendations in patients with renal or liver
dysfunction are summarized in Table IV. Since antiretrovirals are usually
used in combination, we have included Table V, which summarizes drug
interactions between these compounds.

A. Nucleoside Reverse
Transcriptase Inhibitors (NRTIs)

NRTIs were the first anti-HIV-1 drugs developed. This class consists of
six Food and Drug Administration (FDA)-approved drugs. As shown in
Table I, each drug has a commonly used abbreviation, a compound name,
and a trade name. For instance, the drug zidovudine is more frequently
referred to as ZDV or AZT. Each NRTI is referred to by its abbreviation
(see Table I); the other drugs are referred to by their generic names (Tables
IT and III). The NRTIs suppress HIV-1 replication via a similar mechanism
of action. Each of these drugs is an analog of a cellular nucleoside. As
nucleoside analogs, the drugs are incorporated into the proviral DNA by
the viral enzyme reverse transcriptase (Furman et al., 1986). However,
nucleoside analog incorporation results in chain termination, since the ana-
logs lack the 3’ -OH group and cannot be linked to additional nucleosides.
In this way, nucleoside analogs terminate reverse transcription. Without
reverse transcription, the virus life cycle is also terminated. The mechanism
of action of ZDV is discussed in detail as an example of all nucleoside-
analog inhibitors.

B. Zidovudine (ZDV)

ZDV was the first agent approved for treating HIV-1 infection (McLeod
and Hammer, 1992). ZDV was synthesized in 1964 as a potential therapeutic
(Horwitz et al., 1964).In 1974, it was shown that ZDV inhibited a retrovirus



TABLE IV Oral Dosage Recommendations for Antiretroviral Agents in Patients with Organ Dysfunction’

Drug

Dosage in patients with renal

Dosage in patients
with hepatic
dysfunction

References

Zidovudine

Didanosine
Zalcitabine

Stavudine
Lamivudine

Abacavir
Nevirapine

200mgq12h 200mgq24h 100 mgq24h 100 mgq24h 100 mg q 24 h

0.75 mgq8h 0.75 mgq24h

150mgq12h 150mgq24h 25-50 mg q 24 h°

300mgq12h

200mgq12h 200mgq12h 200mgq12h 200mgq12h

100 mg q 8 h

Consider empirical
dosage reduction
0.75mgq8h

40 mgq24h
150 mg q 12 h

NR
Consider empirical
dosage reduction

1998h; Bareggi et al.
(1994); Dudley (1995);
Fletcher et al. (1992);
Gallicano et al. (1992);
Kremer et al. (1992);
Taburet et al. (1990)

1998j; Singlas et al. (1992)

1998d

1998m
1998b

1999i
1998l; Havlir et al. (1995)



Delavirdine 400 mgq8h 400mgq8h 400mgq8h 400mgq8h NR Consider empirical 1998g
dosage reduction

Efavirenz 600 mg q 24 h NR NR NR NR NR 199%h
Saquinavir 600 mgq8h 600mgq8h 600mgq8h 600mgq8h NR Consider empirical 1998¢
dosage reduction
Ritonavir 600 mgq12h 600 mgq12h 600 mgq12h 600 mgq 12 h NR Consider empirical 1998f
dosage reduction
Indinavir 800mgq8h 800mgq8h 800mgq8h 800mgq8h NR Mild-moderate 1998a; Balani et al. (1996);
dysfunction: 600 mg Lin et al. (1996)
q8h

Severe dysfunction:
Consider further
dosage reduction

Nelfinavir 750 mgq8h 750mgq8h 750mgq8h 750mgq8h NR Consider empirical 1998k
dosage reduction
Amprenavir 1200 mg q NR¢ NR NR NR 300-450 mg q 12 h 1999a
12 h for severe-moderate
dysfunction

¢ Originally published in Hilts and Fish (1998)© American Society of Health-System Pharmacists, Inc. All rights reserved. Adapted with permission (R9934).
b CLcr, creatinine clearance.

¢ Initial dose of 150 mg and then followed by listed dosing regimen.

4 Not reported.

¢ No reported recommendations, but <3% amprenavir is excreted renally.



TABLE V Effect of Anti-HIV Drugs on Other Anti-HIV Drugs®®

ZDV ddIc°  d4T Nevirapine Delavirdine Efavirenz Saquinavir Ritonavir Indinavir  Nelfinavir Amprenavir  Reference
ZDV - — A U — — — g — — i 1998I; Cato et al. (1998);
Miller et al. (1998);
Sadler et al. (1998)
ddI - - - = — — — g — — — Cato et al. (1998)
d4T Al — — — — — — — — — — Miller et al., (1998)
Nevirapine —  —  — — — — 0 — — — — Sahai et al. (1997)
Delavirdine — &  — — — J — — g — 1998¢
Efavirenz — — — — — — 0 i) i — — 1999h; Fiske et al. (1998a)
Saquinavir® — — - J 0 Not to be — Dose: SQV L] Dose: SQV — 1999h; Buss (1998); Cox et
(SQV) used 400 mg 800-mg al. (1997); Merry et al.
together BD T TD * (1997); Sahai et al.
(1997)
Ritonavir — — — U 0 0 — — — — — Fiske et al. (1998a); Morse
et al. (1998); Murphy et
al. (1997)
Indinavir — @ ® - U Dose: IDV Dose: — Dose: IDV 4  — L — 1998a; Cox et al. (1997);
(IDV) 600 mg DV 800-mg Hsu et al. (1998);
TID & 1000- BD ¥ Murphy et al. (1999);
mg Riddler et al. (1997)
TID 8
Nelfinavir  — — — — i) iy i) i) * — — Cox et al. (1998); Fiske et
al. (1998b); Murphy et
al. (1997); Sahai et al.
(1997)
Amprenavir — = — @ — — — 0 — — L ] — — Piscitelli et al. (1998);

Sadler et al. (1998)

a0 @1, Clinical significance not established or clinically insignificant changes in “row” drug level; 8 &, Clinically significant decrease or increase in “row

drug level. 3TC, ddC, and ABC do not have any significant interaction with other antiretroviral agents.
b Drug interactions reviewed in Guidelines (1999d).
¢ ddI only interferes with absorption when administered within 2 h of “row” drug.
47DV and d4T antagonize each other and should not be used together.
¢ Saquinavir dosage refers to Fortovase formulation only.

()



HIV Therapeutics 7

in tissue culture (Ostertag et al., 1974). In 19835, investigators showed that
ZDV inhibited HIV-1 replication in vitro (Mitsuya et al., 1985). This obser-
vation led to clinical trials and finally to FDA approval in 1987.

I. Mechanism of Action

ZDV is a deoxynucleoside that is structurally related to thymidine, but
differs in having an azido (-N3) group in place of the 3’ -OH group (1998h).
ZDV enters the cell by passive diffusion and is phosphorylated via three
cellular kinases into its biologically active triphosphate form (zidovudine
triphosphate). The second phosphorylation step (by the enzyme thymidylate
kinase) is the rate-limiting step. ZDV triphosphate is recognized by HIV-1
RT as a thymidine analog and is incorporated into proviral DNA in place
of deoxythymidine triphosphate. As above, once ZDV is incorporated into
proviral genome, the DNA cannot be extended. ZDV monophosphate may
also decrease viral replication by inhibiting the RNase activity of reverse
transcriptase. ZDV only inhibits cellular DNA polymerases at concentra-
tions 50- to 100-fold greater than required to inhibit reverse transcriptase.

2. Pharmacokinetics

ZDV is well absorbed after oral administration with 60-65% bioavail-
ability (1998h). The serum half-life is 1-1.5 h; however, the intracellular
half-life is 3 h. The ratio of the cerebrospinal fluid (CSF) concentration of
ZDV to plasma concentration ranges from 0.1 to 1.35 (average = 0.6). This
wide range reflects differences in the blood—brain barrier permeability in
HIV-1-infected patients. ZDV is primarily metabolized in the liver to 3'-
azido-3'deoxy S§'-O-B-p-glucopyranuronosylthymidine (GZDV). GZDV
has no antiviral activity and is excreted renally. ZDV (8-15%) is also
excreted renally. Dosing regimens have varied over the years. Initially ZDV
was given 250 mg every 4 h. However, with the recognition of the long
intracellular half-life, ZDV is currently given as 200 mg every 8 h (TID) or
300 mg every 12 h (BID). ZDV (300 mg) is also formulated with lamivu-
dine, also known as 3TC, (150 mg) in Combivir tablets, which are given
one tablet BID. Dosage reduction is suggested for patients with severe
liver disease and recommended for patients with end-stage renal disease

(Table IV).

3. Adverse Effects

The toxicity of ZDV has lessened with lower dose regimens (Fischl et
al., 1990a). In the early studies, hematologic abnormalities, especially ane-
mia and granulocytopenia, were common (30% of patients) (Fischl et al.,
1987). Myelosuppression is worsened by coadministration of ganciclovir or
interferon-a (1998h). With the lower dose regimen, these abnormalities are
rare (<2%). Macrocytosis occurs in more than 90% of patients on ZDV,
but does not correlate with the development of anemia (McLeod and Ham-
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mer, 1992; Fischl et al., 1990a). In fact, macrocytosis or its absence can be
used to assess whether the patient is taking the ZDV. Myopathy occurs in
6—18% of patients who have been taking the drug for more than 6 months
(Helbert et al., 1988; Till and MacDonell, 1990). This process can progress
insidiously. Discontinuation of the drug results in gradual resolution of
symptoms over a 6- to 8-week period in >70% of patients. Rare occurrences
of fatal lactic acidosis associated with hepatic steatosis have been re-
ported (1998h).

4. Drug Interactions

ZDV has few drug—drug interactions. Ribavirin inhibits ZDV phosphor-
ylation and these drugs should not be used together. ZDV should not be
used with d4T because the two drugs may antagonize each other (Miller ez
al., 1998).

C. Didanosine (ddl)

I. Pharmacokinetics

Didanosine has an oral bioavailability of 33% (1998j). Acid degrades
ddI, which must be coadministered with an antacid. The commercial tablet
is buffered with calcium carbonate and magnesium hydroxide. The CSF to
plasma ratio is 0.21. The plasma half-life is 1.6 h and the intracellular half-
life is 25-40 h. The drug is cleared by renal mechanisms and is excreted
largely unchanged. ddI should be taken 0.5 h before or 1 h after a meal.
The usual dose is 200 mg twice per day for individuals >60 kg and
125 mg twice per day for those <60 kg. However, ddI has been used
effectively at twice the regular dose given once per day (Federici et al., 1998;
Hoetelmans et al., 1998).

2. Adverse Effects

The most serious of ddI is pancreatitis, which has been fatal (1998;).
Pancreatitis occurs in 6—7% of patients on ddI (Dolin ef al., 1995; Kahn et
al., 1992). As with ZDV, acute, fulminant liver failure associated with lactic
acidosis has been reported (Kahn et al., 1992). ddI also causes peripheral
neuropathy commonly (14-20%) (Dolin et al., 1995; Kahn et al., 1992).
Manifestations of this neuropathy include numbness and tingling sensations
in hands and feet. Symptoms usually improve with drug discontinuation.

3. Drug Interactions

The buffer, which is given with ddI, can interfere with the absorption
of certain drugs, such as ketoconazole, dapsone, some quinolones, and
tetracyclines (1998;j). These drugs should be administered 2 h before or after
ddIl. Methadone decreases ddI levels by 41% and ddI dose increase should
be consider when the two drugs are used together.
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D. Dideoxycytidine (ddC)
I. Pharmacokinetics

ddC has excellent oral bioavailability (>80%) (1998d). The CSF to
plasma ratio is 0.09:0.37. ddC is excreted primarily unchanged through the
kidneys. The serum half-life is 1.2 h and the intracellular half-life is 3 h.
The normal dose is 0.75 mg (one tablet) TID.

2. Adverse Effects

The most frequent adverse reaction is peripheral neuropathy, which
occurs in up to 30% (Fischl et al., 1995). This neuropathy is usually a
sensorimotor neuropathy manifested often by a burning sensation and pain.
These symptoms may be irreversible, but usually resolve slowly after drug
discontinuation. Pancreatitis and hepatic toxicity have also been reported
(Fischl et al., 1995).

3. Drug Interactions

ddC has minimal drug interactions (1998d).

E. Stavudine (d4T)

I. Pharmacokinetics

d4T has excellent oral bioavailability (>80%) (Dudley, 1995; Lea and
Faulds, 1996). d4T is eliminated through renal (40%) and unknown mecha-
nisms. The serum half-life is 1.0 h, but it has an intracellular half-life of
3.5 h, which allows twice-daily dosing. Dosage should be adjusted for renal
failure. The usual dose is 40 mg (one capsule) BID for weight >60 kg and
30 mg BID for weight <60 kg.

2. Adverse Effects

The toxicities of d4T are similar to ddI and ddC (Skowron, 1995). d4T
can cause peripheral neuropathy in 15% of patients. Pancreatitis occurs un-
commonly.

3. Drug Interactions

As above, d4T should not be coadministered with ZDV because of
potential antagonism (Miller ez al., 1998).

F. Lamivudine (3TC)

I. Pharmacokinetics

3TC is well absorbed orally (>80%) (1998b). Absorption is unaffected
by food. It is excreted in the urine unchanged. The serum half-life of 3TC
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is 3—-6 h and the intracellular half-life is 12 h. The usual dose is 150 mg
(one tablet) BID.

2. Adverse Effects

3TC is well-tolerated and few adverse effects are seen. As with other
nucleoside analogs, lactic acidosis and severe hepatomegaly has been re-
ported. Compared with ZDV monotherapy, a 3TC and ZDV combination
had no increased incidence of adverse effects (Eron et al., 1995).

3. Drug Interactions

Trimethoprim (160 mg)/sulfamethoxazole (800 mg) increases the level
of 3TC (Moore et al., 1996). The clinical relevance of this change is not clear.

G. Abacavir (ABC; 1592U89)

I. Pharmacokinetics

ABC had an 83% bioavailability and a CSF:plasma ratio of 0.27 (Parker
et al., 1993), (1999i). ABC is metabolized by alcohol dehydrogenase and
its metabolites are excreted in the urine. The serum half-life of ABC is
1.5 h and the intracellular half-life is 3.3 h. The standard dose is 300 mg
(one tablet) BID.

2. Adverse Effects

The most common side effects of ABC are gastrointestinal and CNS
related (1999i). Nausea, vomiting, and/or diarrhea occur in up to 40%.
Headache and dizziness can occur in 30%. However the most serious side
effect is a hypersensitivity syndrome, which can occur in up to 5% of patients
(1999f). Typically, this syndrome develops within the first 6 weeks of ther-
apy. Patients with this syndrome can develop fever, fatigue, nausea, myalgia,
shortness of breath, lymphadenopathy, and oral ulcers. The symptoms begin
mildly, but quickly worsen with continued ABC usage. Laboratory tests
may show increased liver function tests and increased creatinine. Liver and
renal failure have also occurred in association with this hypersensitivity
reaction. Symptoms improve rapidly once ABC is discontinued. However,
if patients with this syndrome are rechallenged with ABC, death can occur.
Patients who develop these symptoms while on ABC should be educated to
seek medical attention immediately and to stop taking ABC.

3. Drug Interactions

No significant drug interactions have been reported with ABC.

H. Nonnucleoside Reverse
Transcriptase Inhibitors (NNRT]Is)

NNRTIs have been demonstrated to be potent and selective inhibitors
of HIV-1 replication (reviewed in De Clercq, 1999). These drugs noncompet-



HIV Therapeutics 11

itively inhibit the viral enzyme RT. Presumably, NNRTIs bind to HIV-1
reverse transcriptase at a site away from the catalytic domain. This drug—
enzyme interaction produces a conformational change which results in the
inactivation of HIV-1 RT. These drugs have great selectivity for HIV-1 RT
and are not active against HIV-2 or other animal retroviruses. As a class of
drugs, listed in Table II, they are highly active in vivo, for short periods,
but are limited by the relatively rapid emergence of resistant HIV-1 strains.
NNRTIs do not require enzymatic modification to become active. NNRTTs
also share a common toxicity, an eryathematous skin eruption, which is
usually self-limited.

I. Delavirdine

I. Pharmacokinetics

Delavirdine is rapidly and readily absorbed after oral intake (Cheng et
al., 1997; 1998g). It can be administered with or without food. The usual
adult dose of delavirdine is 400 mg (four 100-mg tablets) orally TID. Delavir-
dine inhibits its own metabolism by cytochrome P450 3A and consequently

its half-life increases with increasing doses. In individuals on the usual dose,
the half-life is 5.8 h.

2. Adverse Effects

Rash is the most frequent side effect and is seen in 18-36% (1998g;
Para et al., 1996). The rash is usually self-limited, occurs within 1-4 weeks
of initiation of therapy, and is often pruritic and maculopapular eruptions
over the upper half of the body. Rarely, hepatitis and neutropenia have been
associated with delavirdine therapy.

3. Drug Interactions

Delavirdine interacts with many compounds. Antacids and ddI lower
gastric pH and reduce the absorption of delavirdine (1998g). When used
with ddl, delavirdine should be taken 1 h before or after ddI. Inducers of
the cytochrome P450 system, including rifamycins, phenobarbital, phenyt-
oin, and carbamazepine, increase the metabolism of delavirdine and should
not be used concurrently (1998g). Conversely, delavirdine, via its inhibition
of the P450 system, inhibits the metabolism of many drugs. Consequently,
concurrent use of drugs, including cisapride, astemizole, ergot derivatives,
terfenadine, simvastatin, lovastatin, and benzodiazepines, with delavirdine
can result in serious side effects and should be avoided. Delavirdine may
increase the levels of warfarin, dapsone, and quinidine.

J- Nevirapine

I. Pharmacokinetics

Nevirapine is well absorbed orally (>90%) (Lamson, 1993). Food does
not alter its absorption. Nevirapine has a wide volume of distribution, can



12 Abu-ata et al.

be found in breast milk, and crosses the placenta (1998I). Nevirapine is also
metabolized by the P450 system and is also an inducer of the P450 system.
Consequently, nevirapine therapy increases its own metabolism. After the
first 14 days of therapy, the dose must be increased from 200 mg once per
day to 200 mg (one tablet) twice per day. There are no data available on
dosing nevirapine in renal or liver failure. The terminal half-life of nevirapine
is 25-30 h (Lamson, 1993).

2. Adverse Effects

Rash is again the most common side effect and is seen in up to 35%
of patients (D’Aquila et al., 1996; Montaner et al., 1998a; Carr et al., 1996;
1998l). Like delavirdine, nevaripine’s rash usually occurs in the first 6 weeks
of therapy, is maculopapular, and is distributed over the torso and upper
extremities. In clinical trials, 7% of patients stopped taking nevirapine be-
cause of the rash. Stevens-Johnson occurs in only 0.3%. Hepatitis occurs
in 1%.

3. Drug Interactions

Although nevirapine induces the P450 system, there are few drugs that
are absolutely contraindicated (1998l). Rifamycins will also induce the P450
system and can reduce the plasma concentration if used concurrently with
nevirapine. When used together, dosage adjustment is necessary. Other in-
hibitors of the P450 system, such as ketoconazole, cimetidine, and macro-
lides, are not contraindicated. No dosage adjustment of nevirapine is neces-
sary when these drugs are given together. When used with anticonvulsants,
levels of the anticonvulsants should be monitored carefully. Methadone
levels are decreased substantially by nevirapine and methadone dose should
be titrated to the appropriate effect.

K. Efavirenz

I. Pharmacokinetics

Efavirenz is very well absorbed orally (1999h). Efavirenz has a long
half-life and steady state is not reached until day 7 of therapy. Efavirenz is
metabolized by the P450 isoenzymes Cyp3A4 and Cyp2B6. The terminal
half-life of efavirenz is 40-55 h. The usual adult dose of efavirenz is
600 mg (three 200-mg capsules) orally once per day. A concurrent high-fat
meal increases absorption of efavirenz and should be avoided. There are no
data on dose adjustment in the setting of renal and hepatic insufficiency.

2. Adverse Effects

Again, skin rash is a frequent side effect of efavirenz and is seen in 27%
of patients (1999h; 1998i). Typically, the rash occurs early in therapy,
does not require cessation of therapy, and resolves within 1 month. More
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problematic are the central nervous system (CNS) side effects, which include
dizziness, headache, insomnia, nightmares, amnesia, confusion, hallucina-
tions, and euphoria. Though seen in 52% of patients, CNS side effects led
to the discontinuation in only 2.6 % because the CNS side effects resolve after
a few days to weeks of therapy. Efavirenz can also cause mild gastrointestinal
symptoms, such as nausea and diarrhea.

3. Drug Interactions

Efavirenz can induce the production of Cyp3A4, which increases the
metabolism of many drugs. Conversely, rifampin induces the metabolism
of efavirenz. The concurrent rifabutin dose should be increased to 450
mg per day. Certain drugs, including astemizole, terfenadine, cisapride,
midazolam, triazolam, and ergot derivatives, should not be used with efavi-
renz. The prothrombin time should be monitored carefully in patients on
warfarin and efavirenz. Efavirenz and saquinavir reduce each other’s plasma
levels and should not be used concurrently.

L. Protease Inhibitors (Pls)

HIV makes many of its structural and enzymatic proteins as part of a
large polyprotein (Watkins et al., 1995). The viral protease cleaves the
polyprotein into the active smaller units. Proteolytic cleavage of the polypro-
teins is essential to virus infectivity. The HIV-1 protease activity occurs after
virus budding. In the absence of proteolytic activity, the HIV-1 virus fails
to mature and is not infectious. HIV-1 protease inhibitors act by blocking
the viral protease. Hence, virions that are released in the presence of a
protease inhibitor remain immature and cannot infect other cells. In this
way the virus life cycle is terminated.

In the recent past, most antiviral drugs were discovered through empiri-
cal testing of many compounds [such as ribavirin (Potter et al., 1976)] or
through testing of analogs of necessary substrates (such as ZDV). However,
each of the HIV-1 protease inhibitors was developed through a systematic
process, which occurred simultaneously at several pharmaceutical compa-
nies (Wlodawer et al., 1998). The protease enzyme was first crystallized and
the three-dimensional structure of the protein was determined. Protease’s
structure was analyzed by computer. Inhibitors were designed through this
computer analysis. After the chemicals were synthesized, they were tested
in vitro. Finally, the candidate drugs were tested in humans. In short, the
success of this process demonstrates the power of molecular biology in
designing novel drugs to combat infectious diseases.

I. Mechanism of Activity

This class of anti-HIV-1 compounds includes ritonavir, saquinavir, indi-
navir, nelfinavir, and amprenavir (Table III). Each of these has a similar
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mechanism of action. As above, the protease inhibitors bind to the enzymatic
site in the HIV-1 protease and reversibly inhibit the enzymatic activity of
the HIV-1 protease (Kaul et al., 1999). Viruses, which are produced in the
presence of a protease inhibitor, are defective and cannot infect new cells.

2. Adverse Effects

Each of the protease inhibitors that have been studied to date has a low
incidence of side effects that appear to be class related (Kaul et al., 1999).
These rare adverse reactions include hyperlipidemia, lipodystrophy, hemo-
lytic anemia, hyperglycemia, and spontaneous bleeding in hemophiliacs.
Each reaction has been associated with each of the protease inhibitors. The
Pl-associated hyperlipidemia is usually an elevation of the triglycerides. In
Pl-associated lipodystrophy, patients develop aberrant fat deposits around
their waists and on the back of their necks (“buffalo humps”). This problem
is more cosmetic than medical and may resolve with discontinuation of the
PI. Pl-associated hyperglycemia can be mild or can present as ketoacidosis
with new onset diabetes mellitus.

3. Drug Interactions

Protease inhibitors interact and inhibit the P450 system to varying de-
grees. Certain drugs should not be coadministered or coadministered with
caution in patients taking Pls. Table VI summarizes these contraindicated
drugs.

M. Saquinavir

I. Pharmacokinetics

Saquinavir powdered capsules (Invirase) have a low oral bioavailability
(4%) (1998e). A new formulation of soft gelatin capsules (Fortovase) has

TABLE VI Drugs Contraindicated with HIV-I
Protease Inhibitors

Drugs not to be coadministered with

Drug Class protease inhibitors®
Antihistamines Terfenadine, Astemizole
GI motility agents Cisapride

Antimigraine Egrot derivatives
Benzodiazepine Midazolam, Triazolam
Antimycobacterial Rifampin
Antiarrythmic agents’ Amiodarone, Quinidine
Lipid-lowering agents Simvastatin, Lovastatin
Cardiovascular® Bepridil

@ List is not necessarily complete; for a complete listing see the product
information sheets in the Physicians Desk Reference.
® Not absolutely contraindicated with each protease inhibitor.
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an increased bioavailability of 12% (1998c¢). Saquinavir has no appreciable
penetration of the blood—brain barrier and is 97% protein bound. Saquinavir
is metabolized via the P450 system and excreted through the biliary system.
The drug’s plasma half-life is 1-2 h. The usual dose of Invirase is 400 mg
BID and should only be used in combination with ritonavir. The dose of
Fortovase is 1200 mg TID (six 200-mg capsules). Fortovase should be taken
with food, which increases serum levels.

2. Adverse Effects

Saquinavir has a high frequency of adverse effects (1998c¢; Perry and
Noble, 1998). It commonly causes gastrointestinal symptoms (10-20%),
including diarrhea, nausea, and abdominal pain. Rarely, saquinavir usage
has been associated with hemolytic anemia, thrombocytopenia, confusion,
seizures, renal failure, and pancreatitis.

3. Drug Interactions

Inhibitors of CyP3A4, which metabolizes saquinavir, can increase the
saquinavir plasma level. Rifampin and rifabutin, which induce CyP3A4,
decrease saquinavir concentration by 80 and 40% respectively. Saquinavir
itself inhibits CyP3A4 and therefore should not be administered with cisa-
pride, astemizole, triazolam, and other drugs metabolized by this path-
way (1998¢).

N. Ritonavir

I. Pharmacology

Ritonavir is well absorbed orally (1998f). Administration with food
has only a slight effect on absorption rates. Ritonavir is metabolized by the
CyP3A4 enzyme and is also a strong inhibitor of this enzyme. The plasma
half-life is 3—-5 h. Most (86%) of the drug is excreted in the feces and 11%
is excreted in the urine. The usual adult dose is 600 mg BID. However, the
dose of ritonavir should be escalated gradually from 300 mg BID to 600
BID over 14 days. Ritonavir is available in an oral solution (80 mg/ml or
600 mg/7.5ml) and a new soft gel capsule (100 mg). Ritonavir should be
taken with food, which may decrease ritonavir’s tolerability. Ritonavir and

ddI doses should be separated by 2 h.
2. Adverse Effects

The major side effects are gastrointestinal, including nausea, vomiting,
diarrhea, and abdominal cramping (1998f). Gastrointestinal symptoms de-
velop early in therapy and subside over time. Hepatitis with elevation of
the transaminases is seen in 5-6% and is more common in patients with
preexisting liver disease. Patients on ritonavir may also develop circumoral
paresthesias. Hypertriglyceridemia occurs in 2-8% and hypercholesterol-
emia occurs in <2%.
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3. Drug Interactions

Ritonavir is a potent inhibitor of the P450 isoenzymes (1998f). Coad-
ministration of a drug metabolized by this system results in increased levels
of that drug. Additionally, ritonavir may increase the activity of glucuronyl
transferase. Consequently, ritonavir may decrease the level of drugs metabo-
lized by this enzyme. Many drugs are contraindicated for patients on rito-
navir (Table VI) (1998f).

O. Indinavir
I. Pharmacokinetics

Indinavir is well absorbed in the fasting state (1998a). Administration
with food reduces absorption by approximately 60-70% (Yeh et al., 1998).
Indinavir is metabolized mainly through the liver and excreted in the feces,
but 11% is excreted unchanged in the urine (Balani ez al., 1996). The primary
pathway responsible for indinavir metabolism is the CyP3A4 enzyme system.
The plasma half-life is 1.8-1.9 h. The usual dose of indinavir is 800 mg
TID (two 400-mg capsules). In patients with mild to moderate hepatic
insufficiency, the recommend dose is 600 mg TID (Table IV). Indinavir
doses should be separated from ddI doses by 1 h.

2. Adverse Effects

The most problematic side effect of indinavir is nephrolithiasis, which
occurs in 9% (1998a). The stones are made of the drug itself and can
be prevented by hydration. Renal function is usually not affected by the
nephrolithiasis, but hematuria and flank pain are common. To prevent stone
formation, patients are instructed to consume 1.5 liters of liquids per day.
Hyperbilirubinemia (indirect bilirubin >2.5 mg/dl) occurs in 10%, is usually
asymptomatic, and often resolves spontaneously. Indinavir also causes gas-
trointestinal symptoms, which are tolerated by most patients.

3. Drug Interactions

Indinavir is metabolized by CyP3A4 enzyme and also inhibits CyP3A4.
Consequently, drugs such as cisapride, terfenadine, astemizole, and others
metabolized by CyP3A4, should not be administered with indinavir (1998a).
Rifampin lowers indinavir levels by 90% and should not be used with
indinavir. Coadministration of rifabutin with indinavir results in increased
levels of rifabutin and decreased levels of indinavir. If given together, the
rifabutin dose should be decreased to 150 mg per day and the indinavir
dose should be increased to 1000 mg every 8 h. Efavirenz increases the
metabolism of indinavir as well. The dose of indinavir should be increased
to 1000 mg every 8 h when coadministered with efavirenz (Ruiz, 1997;
Riddler et al., 1998).
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P. Nelfinavir

I. Pharmacokinetics

Nelfinavir is well absorbed orally with a bioavailability of 78% (Quart
et al., 1995; 1998k). Food enhances nelfinavir absorption. The plasma half-
life of nelfinavir is 3.5-5 h. Nelfinavir is metabolized by the CyP3A4 enzyme.
Its metabolites and nelfinavir itself (22%) are excreted in the feces. Little
of the drug (1-2%) is excreted in the urine. The usual adult dose is 750
mg BID (three 250-mg tablets). Although not approved by the FDA, a
regimen of 1250 mg BID has been effective in clinical trials ( Johnson et al.,
1998). Nelfinavir should be taken with a meal or light snack, which improves
absorption two- to threefold.

2. Adverse Effects

The most common side effect of nelfinavir is diarrhea, which is seen in
21% of patients (Powderly et al., 1997; 1998k). The diarrhea is usually
worse in the first few weeks of therapy, but may continue. Other side effects,
including those discussed above, are infrequent.

3. Drug Interactions

Nelfinavir is metabolized by and also inhibits CyP3A4 enzymes. Drugs,
which are metabolized by this system, are contraindicated in a patient taking
nelfinavir (1998k). As with indinavir, rifabutin (50%) causes less of a reduc-
tion in nelfinavir levels than does rifampin (82%). Other inducers of the
CyP3A4 should not be given with nelfinavir.

Q. Amprenavir

I. Pharmacokinetics

Amprenavir has an oral bioavailability of 25-40% and can be taken
with or without food (1999a). Amprenavir is metabolized by the P450
system and has many metabolites, which are excreted in urine and feces.
The plasma half-life of amprenavir is 7-9.5 h. The usual dose is 1200 mg
BID (eight 150-mg capsules).

2. Adverse Effects

In clinical trials to date, the most common side effects are headache,
nausea, diarrhea, and rash (1999a). Rash occurs in 18% of patients and
develops in the second week of therapy. The rash is usually mild and resolves
spontaneously.

3. Drug Interactions

Amprenavir is also an inhibitor of the P-450 CyP3A4 enzyme system.
Therefore, patients on amprenavir should not take drugs metabolized by
this pathway (1999a). Rifampin coadministration should be avoided as well.
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Il. Clinical Studies

This part of the Chapter summarizes the major clinical studies in chrono-
logical order. From the late 1980s to the late 1990s, monotherapy NRTI
therapy was replaced by dual NRTI therapy, which was replaced by triple
therapy. In addition to the development of new drugs, another finding
aided the study of new therapies. In 1989 investigators established that HIV
infection is a chronic, active infection (Coombs et al., 1989; Ho et al., 1989).
However, the concentration HIV in plasma was not well understood. In the
mid-1990s, a technique, branched-DNA or bDNA, was developed at Chiron
(Todd et al., 1995). Branched DNA quantified the number of HIV RNA
genomes in the plasma. For the first time it was shown that HIV virion were
abundant in the plasma. In fact, billions of virions are produced each day
in an infected individual (Perelson et al., 1996). Furthermore, Mellors et al.
established that the level of HIV in the plasma was strongly associated with
disease progression (Mellors et al., 1996). Quite simply, the more virus
present in the plasma, the more rapidly an infected individual became immu-
nodeficient. Other investigators and companies developed different tech-
niques, such as quantitative reverse transcription-polymerase chain reaction
(RT-PCR; Roche) and nucleic acid sequence-based amplification (NASBA;
Organon-Teknika), to quantify virus level or load. Studies with these viral
load assays confirmed the relationship between the level of HIV in the
plasma to disease progression rate (Katzenstein et al., 1996b).

While viral load studies established an important prognostic indicator,
these techniques also allowed investigators a way to follow the efficacy of
new therapies. HIV infection is a chronic, insidious disease. Without a good
surrogate marker, trials, especially early in the disease course, can take
years to reach statistical significance (Lange, 1995; DeGruttola et al., 1998).
Plasma viral load measurements allow researchers to study the impact of
new therapies on viral production. In turn (as discussed below), it has been
shown that therapies, which dramatically lower virus levels, effect disease
progression (Katzenstein et al., 1996a; Hammer et al., 1997; Marschner et
al., 1998). Therefore, trials are now designed to evaluate the effect of a new
therapy on the plasma viral load (Tavel et al., 1999). End points, such as
time to an opportunistic infection or acquired immunodeficiency syndrome
(AIDS), are no longer used or are secondary.

Without therapy, most HIV-infected individuals have plasma virus levels
in the order 10°-10° copies/ml (Mellors et al., 1996). Effective antiretroviral
combination therapies can lower this level by several magnitudes (reviewed
in (1999d)). The viral load of many patients can become undetectable on
these therapies. This level of efficacy has been sustained in most of these
patients who continue to take their medications correctly. Current limits of
detection for HIV-1 plasma viral load are in the range of 20-50 copies/ml.
Patients with low or undetectable viral loads have stable CD4 lymphocyte
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counts over time. It is felt that if a person’s plasma viral load can be sup-
pressed indefinitely, then that individual will not develop immunodeficiency.
Consequently, HIV plasma viral load measurements have become the single
marker for determining the efficacy of a given drug combination. As dis-
cussed below, patients’ viral loads are assessed every 3 to 4 months. In those
whose viral loads begin to rise, changes in the drug therapy may be made.

A. Zidovudine (ZDV) Monotherapy

In 1983, HIV-1 (then called human T-cell leukemia virus type III) was
discovered in patients with AIDS (Gallo et al., 1988). HIV-1 was eventually
corroborated as the etiologic agents of AIDS. In 1985, in vitro studies
demonstrated that ZDV inhibited HIV (Mitsuya et al., 1985). This finding
led to the clinical trial BW02, conducted by Fischl and colleagues (Fischl et
al., 1987). In this multicenter double-blind, placebo-controlled trial, ZDV
was given to 250 mg every 4 h to patients with AIDS or AIDS-related
complex (ARC). Patients also were required to have a CD4 lymphocyte
count <200 cells/'mm?. The study showed that ZDV improved survival
and reduced the incidence of opportunistic infections. ZDV therapy was
associated with an increase in CD4 cells and a survival benefit of 21 months.
This trial led to FDA approval in 1987.

ACTG 016 was the next trial and included patients with CD4 counts
greater than 200 and less than 800 cells/mm?® (Fischl et al., 1990b). Again,
the study was placebo controlled and double blind. The subgroup with CD4
counts less than 500 cells/mm?® developed AIDS more slowly. However, no
benefit was demonstrated to those with CD4 counts greater than 500 cells/
mm?. This finding led to ACTG 019, which directly examined asymptomatic
patients with CD4 counts <500 cells/mm? (Volberding et al., 1990). ACTG
019 also studied two different dosing regiments of ZDV, 100 mg five times
per day or 250 mg every 4 h. Both ZDV regimens were associated with a
decrease in the development of AIDS and ARC and an increased CD4 count.
The lower dose ZDV group had fewer side effects. These studies led to
an NIH-sponsored state-of-the-art conference, which recommended ZDV
therapy at 500 mg per day to HIV-infected patients with a CD4 count less
than 500 cells/mm? (1990).

The VA Study examined the issue delayed versus early therapy for those
with a CD4 count between 200 and 500 cells/mm? (Hamilton et al., 1992).
Patients were initially randomized to the early group (ZDV 250 mg every
4 h) or the late group (placebo). Each patient in the late group was placed
on ZDV (same dose) when his CD4 count fell below 200 cells/mm? or he
had an AIDS-defining event. The study found no difference in the mortality
of both groups, but did show a decrease in the development of AIDS in the
early group.



20 Abu-ata et al.

The Concorde Study was a major European study (1994). In this study
asymptomatic HIV-infected individuals were randomized to receive ZDV
immediately or until they developed symptomatic disease. The regimen of
ZDV was 250 mg 4 times per day and the trial was placebo controlled.
Despite enrolling large numbers of patients, this trial found no statistically
significant difference in outcome between the two groups. This trial cast
significant doubt on the benefit of treating asymptomatic HIV infection with
ZDV monotherapy.

Overall ZDV monotherapy offered a survival advantage to those with
advanced disease. However, no consistent or large benefit was seen in pa-
tients with early disease. Clearly, there was an enormous need for improved
therapies at this time.

B. Didanosine (ddl) Monotherapy

After ZDV, ddI was the second drug approved by the FDA for the
treatment of HIV-1 infection. This approval was based primarily on the
following three studies. ACTG 116A was a randomized controlled, double
blind study which compared ddI to ZDV monotherapy (Dolin et al., 1995).
ddI was studied at two doses. Patients were required to have a CD4 lympho-
cyte count below 200 cells/mm?® and be asymptomatic, or they were symp-
tomatic and a CD4 count between 200 and 300 cells/mm?®. Patients were
allowed to have been on ZDV for up to 16 weeks. The study concluded
that ZDV naive patients did better on ZDV. However, patients who had
been on ZDV for longer than 8 weeks did better on ddl. The higher dose
(750 mg/day) of ddI was associated with more side effects and no better
outcome than the lower dose (500 mg/day).

ACTG 116B/117 was another randomized controlled, double blind
study comparing ZDV to ddI monotherapy (Kahn et al., 1992). This study
simply addressed the same question as ACTG 116A, except all patients had
been on ZDV for over 16 weeks. In this setting of prior ZDV experience,
the patients did better on ddlI.

BMS 010 again studied ddI versus ZDV monotherapy (Spruance et al.,
1994). All patients were on ZDV for greater than 6 months at the time of
enrollment and also were clinically deteriorating. The patients were random-
ized to receive ddI or continue on ZDV. This study confirmed ACTG 116’s
findings that switching to ddI is superior to continuation of ZDV in patients
who are worsening clinically.

C. Zalcitabine (ddC) Monotherapy

ddC was also studied for monotherapy of HIV-1 infection. In ACTG
114, patients who had taken ZDV for less than 3 months or had never
taken ZDV were randomized to ZDV or ddC (1998d). All patients had
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advanced disease with CD4 counts <200 cells/mm?®. Both groups, those with
and without a history of ZDV, did better on ZDV therapy. In ACTG 119,
ddC monotherapy was again compared to ZDV monotherapy (Fischl et al.,
1993). All patients had advanced HIV disease and had been on ZDV for
up to 48 weeks. No difference was found in disease progression between
the two groups.

In CPCRA 002, ddC was compared to ddl monotherapy in patients
with advanced HIV disease (Abrams et al., 1994). Additionally, all had
evidence of disease progression despite ZDV therapy. The median CD4
lymphocyte count was 37 cells/mm?. This study found ddC to be at least
as good as ddI and perhaps slightly better in delaying death.

D. Stavudine (d4T) Monotherapy

Only one trial studied d4T monotherapy. BMS 019 compared d4T to
ZDV in patients who had been on ZDV treatment for greater than 6 months
(Spruance et al., 1997). The study concluded that the patients in the d4T
arm progressed more slowly to AIDS and had higher CD4 counts. However,
no differences were seen in mortality.

E. NRTI Combination Therapy

Through the clinical trials and other observations it was obvious that
patients on monotherapy progressed. While ZDV, ddI, and ddC showed
some survival advantage over no therapy, the gains were not great. Conse-
quently, in the early 1990s, investigators began studying combination thera-
pies with two NRTIs.

ACTG 175 had four treatment arms: ZDV alone, ddI alone, ZDV/ddC,
and ZDV/ddl (Hammer et al., 1996). Both naive and drug-experienced
patients were included. Patients CD4 counts ranged from 200 to 500
cells/mm?. The primary endpoint was >50% decline in CD4+ T-cell count.
Thirty-two percent of patients on ZDV alone reached the primary endpoint,
compared to 18% on ZDV/ddI, 20% on ZDV/ddC, and 22% on ddI alone.
However, ZDV/ddC patients only fared better if they were treatment naive.
Overall, ZDV/ddI, ddI alone, and ZDV/ddC were superior to ZDV alone.

ACTG 155 compared ZDV or ddC or both (Fischl ez al., 1995). To be
eligible, each patient had a CD4 count less than 300 cells/ul and had been
treated with ZDV for more than 6 months. The primary end point was time
to disease progression or death. In patients with CD4 counts greater than
150 cells/mm?, ZDV/ddC therapy reduced the disease progression by 50%
compared to ZDV monotherapy. No difference was seen in patients with
CD4 counts less than 150 cells/mm?. This study supported the early usage
of combination therapy. However, the difference between treatment groups
was not large and only found in subgroup analysis.
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NUCA 3001 compared ZDV alone, 3TC alone, and ZDV/3TC combina-
tion therapy (Eron et al., 1995). Patients had CD4 counts between 200 and
500 cells/fmm?® and had been on ZDV less than 4 weeks. This study examined
the viral load and CD4+ cell responses to therapy over 24 weeks. Patients
on combination therapy had greater increases CD4 counts and lower plasma
viral RNA than did patients on either of the single agent treatment arms.
Clinical data were not assessed.

In NUCA 3002, the safety and activity of ZDV/3TC therapy was com-
pared to that of ZDV/ddC therapy (Bartlett et al., 1996). Each patient
had been on ZDV for at least 6 months and had a CD4 count of 100-300
cells/mm?. The study concluded that the 3TC arm had better CD4 response.
However, suppression viral RNA was similar in both groups. This study
also established the dose of 3TC as 150 mg twice per day.

In the CAESAR trial, the clinical benefit of 3TC combination therapy
was assessed (1997). All patients had advanced disease with CD4+ T-cell
counts between 25 and 250 cells/mm?. All patients were on ZDV alone, ZDV/
ddC, or ZDV/ddI at the time of enrollment. Patients were then randomized to
receive 3TC, placebo, or 3TC and loviride (an investigational NNRTT)