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Protease inhibitors: 
promising new weapons against HIV 

CARLOS M. ISADA, MD 

PROTEASE INHIBITORS, the most potent 
agents active against human immunode-
ficiency virus (HIV) introduced to date, 
have proved capable of decreasing the 

number of circulating HIV R N A particles by a 
factor of 100 or more, raising CD4 lymphocyte 
counts by 300 to 500 cells per mm3, and, in one 
study,' decreasing the mortality rate in HIV infec-
tion. 

The three approved protease inhibitors—saqui-
navir, ritonavir, and indinavir—are reasonably tol-
erated and, with a mechanism of action different 
from that of reverse transcriptase inhibitors such as 
zidovudine, have a synergistic effect with them. The 
disadvantages of protease inhibitors are their limited 
bioavailability after oral administration, their many 
drug interactions, their cost ($360-660 per month), 
and the emergence of strains of HIV resistant to 
these agents. 

Unresolved is how these drugs should be used. 
Most trials have been in patients with advanced 
HIV infection. The benefits of protease inhibitors 
also likely apply to persons with intermediate-
stage disease, but clinical data are still pending. 
No data are currently available examining the 
protease inhibitors in early-stage disease. Any 
guideline will ultimately require further valida-
tion by clinical studies, which are currently in 
progress. 

This brief review is intended to update internists 
on the use of these important new drugs for treating 
HIV infection, provide an overview of their adverse 
reactions, and summarize data from recent human 
trials. 

M E C H A N I S M OF A C T I O N 

The protease inhibitors act late in the replica-
tive cycle of HIV. After the immature virion has 
budded from the host cell, it is not infectious until 
one of its polyproteins (gag'pol) releases the pro-
tease enzyme, which cleaves the parent gag-pol 
polyprotein at multiple sites, allowing the virion to 
mature. Inhibition of the protease enzyme leaves 
the immature viral particle incapable of initiating 
infection.2"6 

S A Q U I N A V I R 

Saquinavir is the first protease inhibitor approved 
by the U S Food and Drug Administration. 

A d v e r s e react ions 
Saquinavir is generally well tolerated. Reported 

side effects have been mild and mainly consist of 
nausea and diarrhea. The incidence of peripheral 
neuropathy is low. Rare, serious adverse reactions 
possibly related to saquinavir include Stevens-
Johnson syndrome, seizures, and ataxia. Saqui-
navir did not increase the toxicity of zalcitabine 
or zidovudine in studies of combination therapy. 
Anemia and thrombocytopenia are uncommon, 
although approximately 2% of patients had a de-
creased neutrophil count in available studies.6-9 

D r u g interact ions 
Saquinavir is metabolized rapidly into inactive 

compounds by the hepatic cytochrome P450 system. 
Medications such as phenytoin, phenobarbital, and 
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carbamazepine that activate the cytochrome P450 
system (specifically the isoenzyme CYP3A4) can 
reduce plasma concentrations of saquinavir consid-
erably; saquinavir's manufacturer recommends using 
alternatives to these agents if possible. In addition, 
rifampin and rifabutin decrease saquinavir concen-
trations by 80% and 40%, respectively. 

Saquinavir itself can inhibit the cytochrome 
P450 3A pathway, potentially leading to increased 
plasma concentrations of the antihistamines ter-
fenadine (Seldane) and astemizole (Hismanal). Al-
though saquinavir is not a potent inhibitor of this 
pathway and no adverse events have been reported, 
giving these drugs with saquinavir could possibly 
induce cardiac arrhythmias (prolonged Q T inter-
val). Other drugs that use the P450 3A pathway 
include quinidine, clindamycin, and calcium an-
tagonists. These drugs are not contraindicated in 
patients receiving saquinavir, but monitoring for 
drug toxicity is recommended. 

Bioavailabi l i ty 
The bioavailability of oral doses of saquinavir is 

improved by giving it within 2 hours of a full meal; 
however, even then the bioavailability may be as 
low as 4%. About 98% of the absorbed dose is pro-
tein-bound and is distributed in the tissues.9 

D o s a g e and administrat ion 
Saquinavir is available as a 200-mg capsule and 

should be given at 600 mg three times a day within 
2 hours of a meal (Table 1). To prevent the develop-
ment of drug resistance, lower doses should be 
avoided. Pilot studies are underway using higher 
doses (7200 mg daily) and new formulations with 
enhanced oral bioavailability. 

RITONAVIR 

Ritonavir is the only protease inhibitor thus far 
shown to decrease the mortality rate in HIV infec-
tion.1 

A d v e r s e react ions 
The most common adverse reactions are nausea, 

vomiting, general asthenia, and abdominal pain. In 
addition, neurologic abnormalities such as taste per-
versions, circumoral paresthesias, and peripheral 
paresthesias may be seen. Ritonavir seems to have 
little hematologic toxicity, but more than 2% of 
patients have elevated liver function enzymes and 
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TABLE 1 
CURRENTLY APPROVED PROTEASE INHIBITORS 

Agent Oral dosage 
Saquinavir (Invirase) 600 mg three times a day 

(Give with a full meal) 
Ritonavir (Norvir) 600 mg two times a day 

(Give with food) 
Indinavir (Crixivan) 800 mg three times a day 

(Give with water > 1 hour before 
meal or > 2 hours after meal) 

creatine kinase levels." 15 

D r u g interact ions 
Ritonavir is metabolized mainly by the hepatic 

cytochrome P450 3A system. Drug interactions are 
particularly troublesome with ritonavir, which in-
creases the plasma levels of many other drugs con-
siderably. Table 2 lists some of the drugs contraindi-
cated during ritonavir therapy for this reason. 
Ritonavir may also increase the plasma levels of 
other protease inhibitors given simultaneously, but 
its own levels change little.'1 This effect is likely due 
to ritonavir's very potent inhibition of the cyto-
chrome P450 system. Ritonavir is being examined 
in regimens using multiple protease inhibitors, to 
prevent resistance to saquinavir. 

Bioavai labi l i ty 
The absolute bioavailability of ritonavir in hu-

mans is not known, but its relative absorption is 
improved by 15% when given with a meal. 

D o s a g e and administrat ion 
Ritonavir is supplied as a 100-mg capsule and as a 

flavored oral solution (80 mg/mL). The recom-
mended dosage is 600 mg twice daily, with food. 
Because some patients experience gastrointestinal 
upset when ritonavir is started at a full dose, the 
drug can be started at 300 mg twice a day for 2 days 
and then increased to 400 mg twice a day for 4 days, 
500 mg twice a day for 8 days, and then 600 mg 
twice a day. Prolonged courses of ritonavir at low 
doses are likely to lead to drug resistance. 

INDINAVIR 

Indinavir is the most recently approved protease 
inhibitor.6'17"20 
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TABLE 2 
MEDICATIONS CONTRAINDICATED IN PERSONS 
RECEIVING RITONAVIR 

Alprazolam (Xanax) 
Amiodarone (Cordarone) 
Astemizole (Hismanal) 
Bepridil (Vascor) 
Bupropion (Wellbutrin) 
Cisapride (Propulsid) 
Clorazepate (Tranxene) 
Clozapine (Clozaril) 
Diazepam (Valium) 
Encainide (Enkaid) 
Estazolam (ProSom) 
Flecainide (Tambocor) 

Flurazepam (Dalmane) 
Meperidine (Demerol) 
Midazolam (Versed) 
Piroxicam (Feldene) 
Propafenone (Rythmol) 
Propoxyphene (Darvon) 
Quinidine 
Rifabutin (Mycobutin) 
Terfenadine (Seidane) 
Triazolam (Halcion) 
Zolpidem (Ambien) 

TABLE 3 
DRUG INTERACTIONS WITH INDINAVIR 

Drug How to decrease interaction 
Didanosine (ddl, Videx) 

Ketoconazole (Nizoral) 

Rifabutin (Mycobutin) 
Rifampin 

Astemizole (Hismanal) 
Cisapride (Propulsid) 
Midazolam (Versed) 
Terfenadine (Seidane) 
Triazolam (Prosom) 

Give at least 1 hour before 
or after indinavir, on an empty 
stomach 
Reduce indinavir dose to 
600 mg by mouth every 8 hours 
Reduce rifabutin dose by 50% 
Coadministration 
not recommended, because 
of decreased indinavir 
concentrations 
Contraindicated 
Contraindicated 
Contraindicated 
Contraindicated 
Contraindicated 

A d v e r s e react ions 
Indinavir is generally well tolerated, although 

nephrolithiasis occurred in 4 % of patients in avail-
able studies and was sometimes accompanied by he-
maturia.17 The episodes generally resolved with hy-
dration. Asymptomatic hyperbilirubinemia (mostly 
involving the indirect bilirubin fraction) occurred 
in 10%. Other relatively common adverse reactions 
include abdominal pain, fatigue, nausea, vomiting, 
headache, dizziness, taste perversion, and flank pain. 

D r u g interact ions 
Indinavir's metabolism is similar to that of the 

other protease inhibitors. Important drug interac-
tions are shown in Table 3. 

Bioavai labi l i ty 
Unlike saquinavir and ritonavir, indinavir has 

decreased oral absorption if given with a meal high 
in fat and protein. However, a light meal or coffee 
does not substantially change its absorption. 

D o s a g e a n d administrat ion of indinavir 
Indinavir is available as 200-mg and 400-mg cap-

sules. The recommended dosage is 800 mg every 8 
hours, with or without other antiretroviral agents. It 
should be given 1 hour before or 2 hours after a 
meal, but can be given with toast, coffee, juice, or 
cereal with skim milk. In hepatic dysfunction the 
dosage should be decreased to 600 mg every 8 hours. 
The pharmacokinetics of indinavir in renal failure 
are unknown. 

VIRAL RESISTANCE TO PROTEASE INHIBITORS 

The emergence of resistance may be a major rea-
son for drug failure. Resistance to saquinavir devel-
oped in vitro and in approximately 45% of patients 
who received it as monotherapy for 1 year,6,10 and 
resistance to ritonavir" and indinavir has also been 
noted. Cross-resistance between the protease in-
hibitors is a complex but clinically important issue. 
One concern is that resistance that develops while 
on therapy with a specific protease inhibitor may 
also induce resistance to multiple protease inhibi-
tors.18 However, different mutations in the HIV pro-
tease gene account for resistance to saquinavir com-
pared with resistance to the other two agents.12 

Further, in one study, prolonged treatment with 
saquinavir did not lead to cross-resistance to other 
protease inhibitors.10 Although cross-resistance is 
uncommon between indinavir and reverse tran-
scriptase inhibitors, it can occur between indinavir 
and ritonavir.6,17,18 The incidence and clinical sig-
nificance of cross-resistance are still under study and 
emphasize the need to use the most potent protease 
inhibitor available and to encourage full compliance 
with the complex dosing schemes in all patients. 

THE AUTHOR'S PERSPECTIVE 

The improvements in CD4 lymphocyte count 
and viral load demonstrated with the protease in-
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Protease inhibitors in human trials 
To date, all but one trial of protease inhibitors 

have reported their effects on surrogate markers 
only— ie, on HIV RNA levels ("viral load") and CD4 
lymphocyte counts—and not on clinical endpoints 
such as mortality rates. Although the significance of 
viral load is still under study, there is mounting evi-
dence that it accurately and independently predicts 
disease progression.1'2 Further, preliminary analysis 
from the one clinical trial that did examine mortality 
rates did show a clinical benefit with the use of the 
protease inhibitor ritonavir.3 

Trials w i t h s a q u i n a v i r 
Saquinavir appears more effective when used in 

combination with zidovudine (in persons who have 
not previously received zidovudine, in whom the com-
bination increased the CD4 count by 70% and de-
creased the HIV RNA level by 97% [1.5 log] in one 
study) or with zalcitabine (in persons who have re-
ceived zidovudine, in whom a combination of 
saquinivir, ziduvidine, and zalcitabine increased the 
HIV RNA level by 68% [0.5 log] in another study). 
However, HIV RNA levels and CD4 counts tended to re-
turn to baseline values after 24 weeks in these stud-
ies.4 

Trials w i t h r i t o n a v i r 
Ritonavir was found more effective than placebo 

In two phase 2 studies.5 6 In another, ongoing study in 
patients who had not previously received antiretrovi-
ral drugs, an interim analysis showed that ritonavir 
raised the CD4 cell count by a mean of 62 cells per (xL, 
compared with 10.7 cells per (xL in those receiving zi-
dovudine alone. The viral RNA level decreased by 
91% (1.03 log) in the group receiving ritonavir alone, 
vs 62% (0.42 log) in the zidovudine group.7 In a trial 
in patients with advanced Infection who had received 
at least 9 months of previous antiretroviral therapy 
(and who continued to take their previous antiretrovi-
ral drugs throughout the trial), the cumulative mortal-
ity rate at 6 months was lower in patients receiving ri-
tonavir 600 mg twice a day than in those receiving 
placebo (5.5% vs 10.1%). An AIDS-defining clinical 
event or death occurred in 17% of those receiving ri-
tonavir vs 34% receiving placebo. 

Trials w i t h i n d i n a v i r 
In an ongoing study in patients without previous 

antiretroviral therapy, a combination of indinavir plus 
zidovudine led to a mean reduction in HIV RNA of 

91% (1.04 log), compared with 44% (0.25 log) with 
zidovudine alone. The CD4 cell count increased by a 
mean of 95 cells per mm3 in the combination therapy 
group, compared with 13.7 cells per mm3 in the zi-
dovudine-alone group.8 In another study, patients 
who had previously received zidovudine had a 98% 
(1.77 log) decrease in HIV RNA with combination ther-
apy with indinavir, zidovudine, and lamlvudine, com-
pared with 78% (0.67 log) with zidovudine and lami-
vudine.9 The CD4 cell count increased by 100 cells per 
mm3 in the triple drug combination group vs an in-
crease of 33 cells per mm3 in those receiving zi-
dovudine and lamivudine. Clinical outcome data are 
forthcoming. 
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hibitors are unprecedented. Ritonavir and indinavir 
have the most favorable pharmacokinetic profiles 
and appear to be the more potent of the available 
protease inhibitors; other protease inhibitors are un-
der development . C l in ica l trials have focused 

mainly on HIV-infected persons with advanced dis-
ease but benefit has also been shown with interme-
diate-stage HIV infection. T h e drugs are generally 
well tolerated, but the complexities of the drug in-
teractions and the number of pills required (6 to 12 
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per day) are important issues for the clinician. 
The optimal strategy for the protease inhibitors is 

still evolving, and considerable practice variation 
exists. One approach would be to use a protease 
inhibitor as part of a multidrug regimen (eg, zi-
dovudine, lamivudine, and ritonavir) in patients 
with fewer than 100 CD4 cells per mm3, based on 
the recent clinical trial that showed clinical benefits 
in addition to improvements in laboratory markers. 
The role of protease inhibitors in patients with in-
termediate-stage disease (ie, a CD4 count between 
100 and 500 cells per mm') is more problematic. A 
protease inhibitor could be added to a nucleoside 
analog regimen if there is clinical evidence of rapid 
disease progression or persistently elevated HIV 
R N A levels during nucleoside analogue therapy. 
This strategy is based in part on clinical trial designs 
but requires further validation; the cut-point for an 
elevated HIV RNA level is also unknown. Because 
of the favorable risk/benefit ratio of these drugs, we 
have been offering protease inhibitors to many of 
our patients with late-stage disease and selected pa-
tients with intermediate-stage disease. 
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