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The role of HIV-proteinase inhibitors

Two recent advances have engendered substantial opti-
mism amongst both physicians and patients that the treat-
ment for HIV infected individuals is improving. Firstly,
three large clinical endpoint studies have demonstrated
that using combinations of two nucleoside analogues
(zidovudine (ZDV) with either didanosine or zalcitabine)
significantly improved survival compared with zidovudine
alone. -3 Secondly, two clinical endpoint studies involving
HIV-proteinase (or protease) inhibitors in nucleoside ana-

logue-experienced patients with advanced HIV disease
have demonstrated significant survival benefits.45 Three
such agents are licensed in the USA and pending licensing
in Europe (saquinavir, indinavir and ritonavir) with a

number of others in clinical development.
The understanding that the replication of HIV is

dependent upon an aspartic viral proteinase which acted
upon a unique amino acid bond (phenylalanine to proline)
not cleaved by mammalian enzymes,6 gave promise that
this would represent an excellent target for drug develop-
ment. Crystallisation of the HIV proteinase enabled eluci-
dation of its structure, a symmetric homodimer derived
from two identical 99 amino acid residues, and rational
computer-based design of inhibitor molecules.7 These

inhibitors show substantial antiviral activity against both
HIV-1 and -2 and ZDV-resistant strains in vitro with wide
therapeutic index.89 Whilst one promising drug proved
inactive in vivo because of tight binding to alpha acid gly-
coprotein, this problem does not affect the activity of
those drugs currently available. All of these compounds
are metabolised in the cytochrome P450 enzyme system,
mostly the CYP3A4 isozyme, and particularly in the case of
ritonavir, may both induce and competitively inhibit this
enzyme. This leads to a number of clinically important
drug interactions which are maximal with ritonavir, and
less prominent with indinavir and saquinavir.

Excitement was generated by these compounds when
initial short-term studies involving small numbers of
patients showed substantial improvement in activity mark-
ers of HIV infection including CD4 count rises and viral
load reductions.'0-12 Both of these markers are established
predictors of clinical outcome and recent studies have
indicated that changes in them predict at least part of the
treatment effect of drugs.'3

Activity marker effects
Impressive reductions in viral load greater than one log,0
have been observed with both ritonavir, indinavir and high
doses of saquinavir in 24 week monotherapy studies.
When sub-optimal doses of these drugs are given, the viral
load response is less impressive with a more rapid return
to baseline. Subsequent increases in the dose do not result

in further reductions in viral load.'4 This suggests compli-
ance will be a major issue in gaining prolonged therapeutic
benefit from these drugs. Lower than recommended doses
of both ritonavir and indinavir rapidly select for resistant
virus which in some instances is cross-resistant to other
proteinase inhibitors. However, resistance may be delayed
by consistent dosing at optimal levels and by co-adminis-
tration with nucleoside analogues. Additionally, delay in
ZDV resistance has been reported in combination with
saquinavir or indinavir.

Responses in activity markers, particularly the duration
of response, are maximal when used with one or two
nucleoside analogues. This has been demonstrated over
24 weeks with combinations of indinavir with ZDV and
lamivudine,'5 indinavir with ZDV and didanosine (ddI),'6
and either ritonavir or saquinavir with ZDV and zal-
citabine (ddC).'7 18
A significant proportion of individuals given a pro-

teinase inhibitor combined with two nucleoside analogues
may achieve reductions in viral load to below the
detectable limit of the assay (200 copies per ml).
Obviously such data should not be taken to indicate that
viral replication has been completely stopped in all body
compartments or that virus has been eradicated from the
body. Lower levels of viral replication may still be present
in the plasma and, more importantly in other sites. Initial
experiments indicate that there is a corresponding reduc-
tion in viral load in lymph nodes very similar to that seen in
plasma but the CNS penetration of these agents has not
yet been fully determined.

Such very large reductions in viral load are encouraging
and are likely to translate into improved clinical outcome.
However, it is surprising that despite these very massive
reductions in viral load, the increment in CD4 positive
cells is only between 100 and 200/mm3 rather than a
restoration to normal levels. Data from patients with rela-
tively advanced HIV disease indicate that irreversible
destruction of the immune system has occurred involving
the loss of dendritic cells within the lymph nodes or dele-
tions of specific VP families within the CD4 positive sub-
set.'9 Following proteinase treatment the CD4 + count
rises predominantly from the CD4 RO or memory subset
with little change in the naive thymus derived CD4 RA
cells. This may result in some improved functional
immune capacity20 but disease progression may still occur
despite a CD4 or CD8 response.4

Clinical studies
Whilst the responses of viral load to treatment with pro-
teinase inhibitors are extremely impressive, it is important
that such responses should improve clinical outcome and so
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it is heartening that the results of two clinical controlled
trials are now available, both of which show improvements
in clinical outcome associated with the addition of a pro-
teinase inhibitor to other treatment.

In the first study which has now been published in
abstract form, patients with very advanced HIV disease
(mean CD4 count at study entry of 32/mm3) and at least
nine months prior nucleoside therapy were shown to have
an improvement in the development ofnew AIDS events or
death when given ritonavir compared with placebo treat-
ment.4 Participants continued whatever nucleoside ana-
logues they were on at study initiation although a
significant minority were on no other treatment. Although
the short term improvement in both survival and develop-
ment of new clinical events was impressive, this was only
of the same order of magnitude as was originally seen in
the initial ZDV placebo controlled study.2' Although viral
load drops in excess of 1 log were seen in the initial weeks
following ritonavir therapy, the viral load drop by the end of
six months was only on a median of 0'6 logs implying that
the improvement in outcome might only persist for a rela-
tively short period.4

In the second study saquinavir, or ddC and saquinavir/
ddC combinations were compared in patients clinically
failing or intolerant to ZDV therapy. Saquinavir/ddC
combination produced a significant improvement in mor-
tality and clinical outcome compared with either mono-
therapy. This study has not yet been reported in detail.5

Timing of treatment with proteinase inhibitors
It is likely that the treatment with proteinase inhibitors will
be a very important component of antiretroviral therapy.
Many people believe that optimum treatment would be
maximal antiretroviral therapy given early. This early "hit
hard" view would imply giving triple or quadruple combi-
nations including at least two nucleosides and a proteinase
at a relatively early stage of disease when the immune sys-
tem is intact. This would include all individuals with a
CD4 count below 500 cells/mm3 as well as individuals
with a CD4 count above this if they had a viral load level
associated with poor prognosis." It is not clear if such an
approach is necessarily better than starting therapy with
two dideoxynucleoside analogues and switching to a dif-
ferent nucleoside combination with the addition of a pro-
teinase following apparent treatment failure as judged by
clinical deterioration, changes in viral load or CD4 count.
Interestingly a fair proportion of patients prefer this
approach as it does hold in reserve one of the most potent
classes of agents available for the treatment of HIV. Which
is the better strategic policy will obviously have to await
further research.

It is also unclear which of the three proteinase inhibitors
should be used initially. All three have very similar activity
in vitro"23 but the present formulation of saquinavir is sig-
nificantly less potent in vivo, at least as a monotherapy,
because of limited bioavailability. Experiments are now
under way with a more bioavailable formulation of this
drug which appears to have an enhanced effect on viral
load. However, for the present, in terms of clinical
potency, ritonavir or indinavir appear to represent a better
efficacy choice than saquinavir.
The formulation of ritonavir used in clinical trials, a

syrup, was difficult to take because of a very bad taste and
nausea. This resulted in a considerable minority of
patients finding it difficult to comply with continuing
medication. The new oral formulation of ritonavir appears
to be more tolerable but still produces considerable prob-
lems with compliance. It is possible that this may be
improved by starting with a lower dose of ritonavir and
dose-escalating over 1-2 weeks. At full dose of ritonavir,

the initial plasma levels of drug will be very high, falling
over the first few weeks of therapy as the cytochrome P450
system becomes induced. Thus, a dose-escalating regimen
would reduce the initial very high plasma level and associ-
ated nausea and the drug levels with this regimen may be
relatively constant over long periods of time. The other
major disadvantage of ritonavir is the wide range of other
drugs often used in advanced HIV disease which are con-
traindicated because of their metabolism by the
cytochrome P450 system. Other adverse events with riton-
avir include diarrhoea, perioral paraesthesia and distur-
bance of liver function. Saquinavir and indinavir, in
contrast, seem to cause less nausea and the range of drugs
which are contraindicated appears to be fewer. The side
effects of indinavir are relatively infrequent with asympto-
matic indirect hyperbilirubinaemia in around 15% of
patients and renal colic in 4% being the commonest
events. In terms of tolerability, saquinavir appears to be
the preferred treatment at present with the most common
adverse event being gastrointestinal disturbance."
The rising drug costs in HIV mean pricing of these

compounds may be an influential factor on their use; in
the United States, indinavir has achieved the lowest
annual cost but remains similarly priced to ZDV.

Another important factor in deciding which proteinase
inhibitor to use as initial therapy is cross resistance. It is
clear from dose-escalating studies that indinavir, particu-
larly in sub-optimal doses, allows the development of HIV
with resistance to a range of other proteinases which
include saquinavir and ritonavir.'4 Ritonavir resistance is
induced by similar mutations within the proteinase
enzyme and is also likely to induce cross resistance to indi-
navir." Saquinavir resistance in clinical treatment appears
to be slower to develop than that seen with indinavir or
ritonavir2627 possibly due to an influence on viral fitness
seen with the saquinavir associated mutations.'8
Resistance to saquinavir is generally associated with main-
tained in vitro sensitivity to both indinavir and ritonavir.
These additional factors may be very important in decid-
ing the optimum sequence of proteinase inhibitors,'9 par-
ticularly if the new formulation of saquinavir with
enhanced bioavailability (and presumably enhanced activ-
ity) becomes available soon.

Plasma levels of saquinavir are markedly enhanced in
animals and in single dose human experiments by the co-
administration of ritonavir which acts by inhibiting the
major metabolic pathway of saquinavir (cytochrome
P450).30 Thus, the use of ritonavir and saquinavir together
would be attractive for two reasons. Firstly the drug com-
bination would enhance the plasma levels of saquinavir
and hence increasing the inhibition of HIV replication.
Secondly it may be that the concomitant use of two pro-
teinases which do not have an overlapping resistance pat-
tems, would delay the development of clinical resistance
to either compound.

Conclusion
Proteinase inhibitors are clearly potent inhibitors of HIV
viral replication and as such represent an important
advance in the treatment. Most of the present studies are
short term, involving small numbers of patients and the
larger clinical studies with outcome data are confined at
present to individuals with advanced disease. The opti-
mum role of proteinase inhibitors will await further clini-
cal studies but it is already clear that these drugs should
always be used in optimum dose and preferably combined
with other antiretroviral agents. Whether they should be
used in initial combination therapy or reserved for when
therapy is failing is unclear. Similarly, it is not known how
to sequence these drugs. Current advice for treating physi-
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cians and patients is therefore difficult. In individuals with
advanced disease it is clear that the addition of a pro-
teinase will prolong life and delay clinical events and
therefore patients should be treated with a proteinase
inhibitor, preferably together with a nucleoside analogue
to which they have not previously been exposed or to
which they are not resistant. When the decision to initiate
antiretroviral therapy has been made, it remains unclear as
to whether or not a proteinase inhibitor should be given at
this stage. Such triple combinations would be logical and
would have more chance of reducing plasma viraemia
below detectable levels. However, compliance, cost, side
effects and limitation of future therapeutic options in these
patient groups may be important negative factors, particu-
larly if therapy is going to be continued for a number of
years. Many patients, certainly in the United Kingdom,
will opt for beginning relatively early with two dideoxynu-
cleoside analogues, retaining proteinase inhibitor therapy
for later in disease when the initial dideoxynucleoside
combinations have clearly failed. At present indinavir
appears to be the proteinase inhibiter of choice in terms of
efficacy. However, if the new enhanced formulation of
saquinavir shows similar activity, the relative lack of side
effects and the fact that viruses which become resistant to
this drug mostly remain sensitive to both indinavir and
ritonavir, might well indicate that this drug should be used
as the initial proteinase inhibiter, reserving the other two
drugs for later in the course of disease.
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