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Abstract The HIV-1 protease inhibitor (Pl) sagquinavir is available as a soft gelatin

capsule (SGC) formulation. At the recommended dosage of saquinavir SGC
(1200mg 3 times daily), thisformulation provides around 8-fold greater exposure
than the established hard gelatin capsule (HGC) formulation at the recommended
dosage of 600mg 3 times daily.

As with the HGC formulation, the most common adverse events seen with sa-
quinavir SGC are gastrointestinal symptoms (e.g. diarrhoea, abdominal discom-
fort and nausea). Some of these may occur with a slightly higher frequency with
the SGC than with the HGC formulation. Saquinavir SGC has only a minimal
effect on nonfasting serum lipid and cholesterol levels.

Like other PIs, saguinavir is metabolised by the cytochrome P450 (CY P) 3A4
isoenzyme and is susceptible to interactions with inducers (e.g. rifabutin and ri-
fampicin) and inhibitors (e.g. clarithromycin and ketoconazole€) of this enzyme.
Ritonavir, nelfinavir, indinavir and delavirdine, all CYP3A4 inhibitors, greatly
increase saquinavir plasma concentrations and the therapeutic implications of
these interactions continue to be evaluated. While saquinavir is the least potent
CYP 3A inhibitor among the PIs, several drugs (notably terfenadine, astemizole
and cisapride) should not be given in combination with sagquinavir.

Therefore, athough the SGC formul ation enhances saquinavir exposure, it has
asimilar safety profile to the HGC formulation.
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Saquinavir, formulated as the hard gelatin cap-
sule (HGC) formulation, wasthefirst HIV protease
inhibitor (PI) to be approved for the treatment of
HIV infection. When used in combination with
other antiretrovirals, saquinavir HGC has been de-
monstrated to provide asurvival advantage,[*4 al-
though the poor bioavailability of thisformulation
means that it is less effective than the other cur-
rently licensed Pls. Subsequently, saquinavir has
been reformulated as an enhanced soft gelatin cap-
sule (SGC), resulting in increased drug exposure
and enhanced antiretroviral activity compared with
the HGC formulation.[>®! The currently recom-
mended dosage of sagquinavir SGC, 1200mg 3 times
daily, providesaround 8-fold greater exposurethan
the recommended dosage of the HGC formulation
(600mg 3timesdaily), asquantified by theareaunder
the curve to 24 hours(AUCq_o4p).8

This review focuses on the safety profile of sa-
quinavir SGC and compares it with the safety pro-
files of other Pls. Pertinent data concerning the
non-nucleoside reverse transcriptase inhibitors
(NNRTIs) delavirdine, nevirapine and efavirenz,
and the reverse transcriptase inhibitors (NRTISs),
including abacavir, arealso considered. Thereview
incorporates datafrom published literature sources
(e.g. MEDLINE), case reports, conference abstracts
and prescribing information. Information was se-
lected on the basis of relevancy to the subject and
the most pertinent and recent data was cited as far
as practicable.

1. Adverse Events

Although the SGC formulation provides signif-
icantly greater systemic saquinavir exposure than
the HGC formulation, the nature of adverse events
with the 2 formulations is similar (table 1).[357-10
The adverse eventsassociated with both saquinavir
formulations are well characterised and mainly in-
volve gastrointestinal symptoms. Laboratory ab-
normalitiesinclude decreasein blood glucoselevel
(6%) and increases in creatine phosphokinase
(4%), alanine amino transferase (3%) and aspartate
aminotransferase (4%) activities.[8l

Comparative studies using currently recom-
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Table 1. Number (percentage) of patients experiencing clinical ad-
verse events? possibly related to saquinavir hard gel capsule (HGC)
600mg 3 times daily or soft gel capsule (SGC) 1200mg 3 times daily
during a comparative study of 16 weeks’ duration (reproduced from
Mitsuyasu et al.[?! with permission)

Adverse event Saquinavir HGC Saquinavir SGC
(n=81) (n =90)
Digestive system 25 (30.9) 40 (44.4)
complaint
nausea 11 (13.6) 16 (17.8)
diarrhoea 10 (12.3) 14 (15.6)
flatulence 6 (7.4) 11 (12.2)
abdominal discomfort 4 (4.9) 12 (13.3)
abdominal pain 1(1.2) 7(7.8)
dyspepsia 0 8(8.9)
Fatigue 5(6.2) 6 (6.7)
Headache 4(4.9) 8(8.9)

a Occurring in 25% of patients.

mended dosages have shown that certain gastroin-
testinal events (e.g. dyspepsia, and abdominal pain
or discomfort) occur with aslightly higher frequen-
cy with saguinavir SGC than with the HGC formu-
lation (table 1).16819 However, most adverse events
were mild and few required discontinuation of
treatment. Data from along term, comparative study
of the 2 formulations indicates that the range and
frequency of common adverse eventsin saquinavir
SGC recipientsdoes not increase over time.[1% The
incidence of the most common adverse events (nau-
sea, diarrhoes, flatulence and abdominal discom-
fort) ranged from 12 to 18% after 16 weeksof treat-
ment to 7 to 12% at 72 weeks in an as-treated
analysis.[11]

The tolerability and safety of saquinavir SGC
1200mg 3 times daily was assessed in alarge, open-
|abel, noncomparative, 48-week safety study invol-
ving 442 patients.[”] Most patients were also taking
2 NRTIs, mainly lamivudine (73%) or zidovudine
(65%); fewer patients used stavudine (32%), zal-
citabine (12%) or didanosine (12%). The most com-
mon adverse events of at least moderate intensity
considered possibly related to saquinavir, were di-
arrhoea (20%), nausea (11%), abdominal discom-
fort (9%), dyspepsia (8%) and flatulence (6%). Se-
vere adverse events were infrequent and included
vomiting (3%) and abdominal pain (2%). Other com-
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mon adverse events, occurring in =5% of patients,
were headache and fatigue.

Gastrointestina disturbances are among the most
common adverse events associated with all avail-
able Pls, including ritonavir,11213 nelfinavirl14-16]
and amprenavir.[*” In randomised, long term, com-
parative studies of Pls administered in combina-
tionwith 2 NRTIs, theincidence of gastrointestinal
adverse eventswith saquinavir SGC 1200mg 3times
daily was similar to that observed with indinavir
800mg 3 times daily!! or nelfinavir 750mg 3 times
daily, although diarrhoea was more common with
nelfinavir.[19 Interestingly, addition of saquinavir
SGC to nelfinavir monotherapy did not increase
the incidence of diarrhoea.[19

In clinical trials to date, 8 to 15% of patients re-
ceiving saquinavir SGC for up to 72 weeks have
discontinued treatment because of adverse
events.[78.10.19] These rates are lower than those
reported from studies of ritonavir over 52 weeks
(21%0),123] similar to those reported with indinavir
up to 100 weeks (3 to 11%),18:2021] gnd slightly
higher than those reported with nelfinavir up to 72
weeks (1 to 5%).[9.14.15]

2. Lipodystrophy Syndrome

Reports of alipodystrophy syndrome occurring
during antiretrovira therapy including a Pl have
raised concerns over the long term tolerability of
these agents.[22-28] The syndrome is characterised
by abnormal fat distribution, and may include signs
such asperipheral fat wasting (e.g. intheextremities,
buttocks and face), central adiposity (with breast
enlargement in women) only, or cervical fat pad
enlargement (‘ buffalo hump’). These changes may
be accompanied by hyperlipidaemia (increased se-
rum levels of cholesterol and triglycerides) and in-
sulin resistance, although diabetes mellitusis un-
common. While no causal role of Pls has been
firmly established, these agents have been impli-
cated in several aspects of fat handling, including
inhibition of cytoplasmic retinoic acid binding
protein type-1 (CRAP-1)[29] and inhibition of the
muscle glucose transporter Glut-4.1301 One study
showed that physical signs of lipodystrophy were
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significantly more common in patients infected
with HIV (98% men) treated with Pls (indinavir or
saguinavir plusritonavir) than in Pl-naive patients
(64 vs 3%, respectively; p = 0.0001), as were the
associated metabolic abnormalities.[22] |n addition,
the incidence of lipodystrophy has been correlated
with the duration of PI therapy.[22:23.25]

Individual Pls differ in their effects on serum
lipid profiles and the limited evidence avail able sug-
geststhat they may also havedifferent propensities
to cause lipodystrophy. Ritonavir causes hyper-
lipidaemia (particularly increased triglyceride lev-
els) more commonly than indinavir, nelfinavir and
saquinavir.[13:31-36] Cameron et al.[1% reported that
12.9% of patients (n = 541) treated with ritonavir
600mg twice daily developed grade IV elevated
fasting serumtriglyceridelevel sof above 16.9 mmol/L
(1496 mg/dl), compared with 0.4% of placebo re-
cipients (n = 545). By comparison, saquinavir has
alimited effect on serum glucose, lipid and choles-
terol profiles (figs 1a, 1b & 1c),[35834-38] and gp-
pears to be associated with a lower frequency of
lipodystrophy than the other Pls.[39

Perhaps not surprisingly, lipodystrophy was
shown to be more common (relativerisk 1.70) and
pronounced in patients receiving dual Pl therapy
with saquinavir plus ritonavir compared with in-
dinavir alone.[?Zl Ritonavir would appear to make
the greater contribution to this effect: results from
a recent cross-sectional survey of patients receiv-
ing different PIs suggest that the incidence of lipid
disturbance with saquinavir SGC isno greater than
that in Pl-naive patients, and lower than that with
ritonavir.l49 However, such tolerability advantages
may well be negated in clinical practice, given that
ritonavir is now routinely added to most PI-based
regimens to enhance the drug’s systemic bioavail-
ability. Another study showed abnormal fat accu-
mulation to be significantly more common in in-
dinavir recipients (24 out of 77 patients; 31%)
compared with patientsreceiving other Pls, mainly
saquinavir HGC and/or ritonavir (5 out of 38 pa-
tients; 13%; p = 0.03).[23] Indeed, in this study the
relative risk of lipodystrophy with indinavir was
amost 4-fold higher than that with other PIs.

Drug Safety 2001; 24 (3)
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Fig. 1. (a) Effect of saquinavir soft gelatine capsule (SQV SGC)
on mean, nonfasting serum triglyceride levels in patients in-
fected with HIV (reproduced from Skolnik et al., 371 with permis-
sion). The dashed line on the figure denotes the upper limit of
normal (ULN). The total number of patients at each data point
is indicated on the graph. (b) Effects of SQV SGC and ritonavir
on mean fasting serum triglyceride levels (+ standard error of
the mean) in healthy volunteers (reproduced from Nauss-
Karol et al.,[®8 with permission). The ULN range used was 140
to 160 mg/dl for triglycerides. (c) Effect of SQV SGC on mean,
nonfasting serum total cholesterol levels (reproduced from
Skolnik et al.,’”] with permission). bid = twice daily; RTV =
ritonavir.
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Although the occurrence of lipodystrophy-type
syndromes in patients infected with HIV has re-
ceived much attention recently, cases have aso
been reported in Pl-naive patientd445 and in pa-
tientsreceiving only NRTIs,[42:46-51] indli cating that
a single causative factor is unlikely to be identi-
fied.[52 Preliminary results from the Lipodystro-
phie Cohorte (LIPOCO) study, evaluating fat dis-
tribution and metabolic abnormalities in patients
infected with HIV undergoing antiretroviral ther-
apy suggest that there may be 3 major types of fat
distribution abnormalities.*’l Theseincludefat de-
pletion which may be related to the use of stavud-
ine, fat redistribution related to a side-product of
effectiveviruscontrol (although thisideaisrefuted
by otherg5354) and a subcutaneous adiposity syn-
drome resulting from an increased caloric intake.54
Thisstudy also indicated that the use of the Plswas
not significantly associated with fat wasting or fat
distribution abnormalities. Therefore some work-
ers have suggested that combined endocrine and
metabolic abnormalities (e.g. hyperlipidaemia, in-
creased free fatty acid levels, glucose intolerance
and testosterone abnormalities) may affect region-
al lipid metabolism and body-fat distributionin pa-
tientsinfected with HIV.[“8l Some researchers have
attributed the bodyweight gain typically associated
with atherapeutic response to HIV therapy to this
phenomenon. 53]

3. Drug Interactions

Patients infected with HIV are routinely treated
with combinations of antiretroviral agents. They also
receiveavariety of additional adjunctivetherapies,
such asthose used to prevent or treat opportunistic
infections. Interactions between antiretroviral agents
or between antiretrovirals and concomitant medi-
cations are of significant clinical concern because
they may increase theincidence, severity and range
of adverse events.

In common with other PIs,[56-60 saquinavir is me-
tabolised by the cytochrome P450 (CYP) system
(primarily the CYP3A4 isoform) in the intestine
and liver.[>61] Drugs that induce CY P3A isoforms,
such asrifabutin and rifampicin, may reduce saquin-

Drug Safety 2001; 24 (3)
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Table Il. Drugs that affect saquinavir soft gel capsule plasma concentrations.[61:62:63]

Effect Drug (% change in AUC)

Necessary action

Decrease saquinavir plasma concentrations
rifabutin (43%)

NNRTIs: efavirenz (62%), nevirapine

Antimycobacterials: rifampicin (84%),

Avoid/use alternative agents where possible

Not recommended with saquinavir as sole Pl

(24%)
Increase saquinavir plasma concentrations Antibacterials: clarithromycin (177%) None
Antifungals: ketoconazole (130%) None

Histamine Hz antagonists: ranitidine (67%) None

Pls: indinavir (364%; 1200mg dose of
indinavir), nelfinavir (392%), ritonavir

(1589-2158%)

NNRTIs: delavirdine (5-fold)

Interactions used therapeutically (may need
to modify saquinavir dose)

May need to modify saquinavir dosage

AUC = area under the plasma concentration-time curve; NNRTIs = non-nucleoside reverse transcriptase inhibitors; Pl = protease inhibitor.

avir plasma concentrations (table I1), leading to de-
creased antiviral activity.[64 The effects of rifabu-
tin and rifampicin are especially relevant, asthese
drugs are often used to treat mycobacterial oppor-
tunistic infections in patients infected with HIV.
Concurrent use of these agents with PIs, including
saquinavir, is not recommended.

Conversely, the metabolism of saguinavir may
be reduced by concurrent administration of non-
antiretroviral drugs that inhibit CYP3A enzymes
(table 11). Interactions of particular relevance in
patientsinfected with HIV are those with the mac-
rolide antibacterial clarithromycin, used to treat
Mycobacterium avium complex and routine bacte-
rial infections, and antifungals such as ketoconaz-
ole.[3564 However, the resulting increases in sa-
guinavir plasma concentrations are generally not
expected to lead to clinically significant changes
in tolerability and do not necessitate avoidance of
these agents or saquinavir dosage reduction.

All available Pls inhibit the CYP3A system to
some extent. Ritonavir potently inhibits CY P3A-
mediated metabolism of saquinavir in vitro.[¢® In
humans, coadministration of ritonavir produces
marked and sustained increases in plasma concen-
trations of saquinavirl6264-69 and other PIs.[65.70.71]
Thisinteraction formsthe basisfor the clinical use
of saquinavir plusritonavir asadual PI-component
of antiretroviral therapy. Typical dosages are sa-
guinavir 400mg twice daily plus ritonavir 400mg
twice daily. For the HGC formulation, these dos-

0 Adis International Limited. All rights reserved.

ages give maximum plasma drug concentration
(Crax) and AUC valuesfor saquinavir that are 13- and
16-fold higher than for saguinavir HGC given at
600mg 3 times daily.[8! Administration of saquin-
avir SGC plusritonavir each at 400mg twice daily
resultsin a 2.2-fold increase relative to saquinavir
SGC given at 1200mg 3 times daily. These increases
in saquinavir exposure have benefit in terms of re-
duced interpatient variation and increased clinical
efficacy. In terms of tolerability, the combination
of saquinavir plus ritonavir at 400mg twice daily
is not necessarily optimal. Ritonavir is commonly
associated with gastrointestinal disturbances, as-
thenia, circumoral paraesthesia and headache, e-
vents that are more problematic than those com-
monly experienced with saquinavir.[2 However,
itisparticularly striking that areductioninthe dos-
age of ritonavir can maintain asignificant increase
in saquinavir exposure whilst improving the toler-
ability profile of the combination. For example,
ritonavir 200mg, when administered in combina-
tion with saquinavir 800mg, is associated with a
10-fold increase in saquinavir exposure, yet hasno
apparent effect on tolerability.[64 Higher doses of
ritonavir (300mg and 400mg) in combination with
saquinavir 800mg also substantially increase sa-
quinavir exposure, but there is a concurrent incresse
in adverse events (table I11). Studies using saquin-
avir HGC (600mg single dose or 3 times daily) have
shown that ritonavir (200mg single dose or 300mg
twice daily) increases the AUC of saquinavir by at

Drug Safety 2001; 24 (3)
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Table Ill. Pharmacokinetics and tolerability of saquinavir (SQV) soft gelatin capsule (SGC) and ritonavir (RTV) alone or in combination

(reproduced from Bussl®¥, with permission)

No. of patients Dosage (twice daily)

Day 14 AUCz4 (g * hiL)

No. of patients  Adverse events

evaluable for safety
assessment?

SQV SGC RTV SQV SGC

RTV experiencing

Total no. of Most common events®
atleast1AE  events (no. patients reporting event)

8 800 4.6

8 800 200 56.8

8 800 300 67.9

9 800 400 71.0

8 400

36.4 5 17

58.6 7 37

5 19 Headache (2), sore throat
(2), increased sweating (2)
Headache (2), constipation
@

Oral hypoaesthesia (5),
hypoaesthesia of the
tongue (2), headache (2),
weakness (2), circumoral
paraesthesia (2), sore
throat (2)

Oral hypoaesthesia (5),
taste disturbance (4),
headache (4), weakness
(2), nausea (6), vomiting
(2), dizziness (2), feeling
hot (2), pyrexia (2), sore
throat (2), cough (2)

Oral hypoaesthesia (5),
headache (5),
hypoaesthesia of the
tongue (3), taste
disturbance (2), nausea (3),
rhinitis (2)

a 8 patients were evaluable for pharmacokinetics in all groups.

b Adverse events reported by more than 1 patient (of any severity and any relationship to treatment).
AE = adverse event; AUC = area under the plasma concentration-time curve.

least 50-fol d.[6567.68] Researchis currently ongoing
to determinethe optimal combination of saquinavir
SGC plusritonavir.

After ritonavir, indinavir is the second most po-
tent CYP3A inhibitor, followed by nelfinavir and
amprenavir.[597278 |ndinavir and nelfinavir also
greatly increase plasma concentrations of saquin-
avir,[570.771while preliminary datasuggest ampren-
avir has no clinically significant effect on saquin-
avir pharmacokinetics.[78!

Saquinavir is the least potent CY P3A inhibitor
and would not be expected to have aclinicaly rel-
evant effect on other isozymes of the CY P enzyme
System.[59.72.73.75,76,79] Nevertheless, saguinavir may
increase concentrations of certain drugs such as
terfenadine, astemizoleand cisapride, which areme-
tabolised by CYP3A. In 1 study, saquinavir SGC
1200mg 3 times daily increased the AUC of ter-
fenadine 60mg twice daily almost 4-fold.[*! There-

0 Adis International Limited. All rights reserved.

fore, in view of therisk of cardiac arrhythmias as-
sociated with detectable plasma concentrations of
these agents, they should not be coadministered with
saquinavir SGCI35! or any other PI. Coadministra-
tion of certain other CYP3A-metabolised drugs
(summarised in figure 2) should also be avoided.
Saquinavir has no clinically significant effects
on plasma concentrations of ritonavirl63711 or nel-
finavir.[516] Saquinavir does not significantly af-
fect the pharmacokinetics of the NRTIs zidovudine
and zalcitabine or the NNRTIs delavirdine and ne-
virapine.l®! Like most other PIs, saquinavir is highly
bound to circulating plasma proteins (approxi-
mately 97%). However, in view of its high thera-
peutic index and large volume of distribution, in-
teractions involving its displacement from plasma
proteins are unlikely to be of clinical relevance.l¥
Qualitatively, indinavir8l and nelfinavirl8l have
drug interaction profiles broadly similar to that of

Drug Safety 2001; 24 (3)
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O Potential drug interaction
B Drugs should not be co-administered
O No clinically significant interaction

Class

Protease inhibitor

Antiarrhythmics Bepridil
Quinidine
Antihistamines Astemizole

Terfenadine

Gastrointestinal agents Cisapride
Hypnosedatives Midazolam
Triazolam
Antimigrane agents Ergotamine
Calcium antagonists Nifedipine
Antibacterials Dapsone

Fig. 2. Drugs whose plasma concentrations may be increased by saquinavir in comparison with other protease inhibitors, and which
should be avoided or monitored in patients treated with saquinavir.B% APV = amprenavir; IDV = indinavir, NFV = nelfinavir; RIT =

ritonavir; SQV = saquinauvir.

saquinavir, although quantitatively indinavir, in
particular, has a potentially greater effect on the
pharmacokinetics of CYP3A-metabolised drugs.
Only limited drug interaction dataare avail ablefor
amprenavir, but these al so suggest aprofile similar
to that of saquinavir.[78:82]

The NNRTIs have varying potentials for drug
interaction with saquinavir. Delavirdineis metabo-
lised by CYP3A and is also a potent inhibitor of
this isoform.[831 When given in combination, it in-
creases the exposure of saquinavir 5-fold.[8¥ Ne-
virapine, however, induces CY P3A and reducesplas-
ma concentrations of saquinavir.[85 The NNRTI
efavirenz is primarily metabolised by CY P3A .[88]
Efavirenz induces CYP3A in vivo and consider-
ably decreases the Crax and AUC of saquinavir
coadministered as SGC.[871 Consequently, combi-
nation therapy with efavirenz and saquinavir asthe
sole Pl is not recommended. Of the newly intro-
duced antiretrovirals, abacavir isnot CY P-metabo-

0 Adis International Limited. All rights reserved.

lised and, asit does not inhibit the major CY Piso-
formsinvitro, appearsunlikely tointeract with drugs
that do.[8]

4. Implications for Patient Management

Saquinavir SGC is generally well tolerated when
combined with other antiretrovirals, and its adverse
event profile permits long term treatment of pa-
tientsinfected with HIV. Despite increasing the to-
tal daily exposure to saquinavir, reformulation of
saguinavir as SGC has not greatly affected the ad-
verse event profile of the drug, with gastrointesti-
nal symptoms remaining the most common com-
plaints. An important aspect of this profile is its
predictability. This enables physicians to counsel
patients about potential adverse events before
treatment is initiated; such patients may be more
likely to remain adherent if adverse events occur.
In contrast, certain adverse effects of other anti-

Drug Safety 2001; 24 (3)
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retrovirals (e.g. abacavir-induced hypersensitivity)
cannot be predicted in individual patients.

Concerns over lipodystrophy have recently dom-
inated the issue of PI tolerability. Further research
to characterise this syndrome is required, but evi-
dencethat is beginning to emerge suggests that the
incidence of lipodystrophy islower in patients tak-
ing saquinavir than some other Pls. Rather better
documented is that saquinavir has arelatively low
propensity for adverse drug interactions, making it
straightforward for physiciansto prescribe and pa-
tients to take.
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