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Abstract The use of triple therapy regimens, often called highly active antiretroviral

therapy (HAART), generally involving 2 nucleoside analogues and an HIV pro-
tease inhibitor, have been endorsed as the standard of care for persons with HIV
initiating therapy by a number of sets of international guidelines. The widespread
availability of protease inhibitor—containing regimens has been associated with
a dramatic drop in the incidence of new AIDS events and mortality throughout
the developed world. Use of HAART regimens, particularly in treatment-naive
individuals, is also associated with dramatic reductions in HIV RNA load, rises
in CD4+ cell numbers and improvements in some aspects of immune function.
However, protease inhibitor therapy is associated with a range of adverse
effects, which varies between agents, and regimens frequently involve inconve-
nient administration schedules and disruption to patient’s lives. Thus, the un-
doubted benefits of antiretroviral therapy come at some cost in terms of both
physical and psychological morbidity to the recipient. In assessing an individual
for therapy, consideration of the risk of disease events and the benefit of therapy
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in reducing or preventing these events must be weighed against the potential of
therapy to cause morbidity.

Using these criteria, we suggest that an individual with a 3 year risk of disease
progression of less than 10% (based on CD4+ cell count and HIV RNA load) is
more likely to a experience a morbidity if treated with HAART than if left un-
treated and monitored. For individuals with higher risks of HIV progression the
risk versus benefit of initiating therapy may, in many cases, still be in favour of
no therapy and continued observation. This will vary depending on the individ-
uals risks (such as family and past medical history) and on the choice of agents
in the regimen, some regimens having greater risks than others.

1. Treatment of HIV Infection conference in Vancouver in 1996 to the anxieties
about emerging adverse effects during the 12th
The history of the treatment of HIV infection \worid Conference on AIDS in Geneva in 1998.
has been punctuated by periods of enormous enthu- The widespread introduction of triple therapy
siasm as new treatments produce promising resultfegimens, often called highly active antiretroviral
followed by despair as the new treatments do noferapy (HAART), has been associated with a dra-
live up to expectation8:®! This wildly oscillating  matic drop in the incidence of new AIDS events
pendulum makes it difficult for both the prescrib- and mortality throughout the developed world (figs
ing physician and the patient to make clear objeci and 2) and to lower hospital inpatient admis-
tive decisions about treatment. Another such pensionsl4! However, these therapies continue to re-
dulum swing has occurred with regard to HIV main unavailable to most resource-poor countries
protease inhibitors, from the excitement of theirthat also face the highest burden of the AIDS epi-
therapeutic potential during the 11th World AIDS demic. The cost-benefit of triple therapy, in terms
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Fig. 1. Number of patients newly diagnosed with AIDS at Chelsea and Westminster Hospital, London, England, between April 1995
and March 1998.
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Fig. 2. Number of deaths in patients with HIV per month at Chelsea and Westminster Hospital, London, England, between April 1995
and March 1998.

of cost per year of life saved, in a developed worldsafety and efficacy are available. Additionally, in
cost structure is increasingly well establisiedl.  part due to the requirements of drug approval, most
The use of triple therapy regimens, generallyintervention studies have been conducted in per-
involving 2 nucleoside analogues and an HIV pro-sons with symptomatic disease, CD4+ cell counts
tease inhibitor, have been endorsed as the standax®00/mn? and, more recently, viral loads >10 000
of care for persons with HIV initiating therapy by to 20 000. Thus, even short term safety data on
a number of sets of international guidelifes. antiretrovirals in persons with high CD4+ cell
Recent debate has focused on the timing of inicounts and asymptomatic disease are limited.
tiation of antiretroviral therapy. International However, a number of important adverse effects
AIDS Society-US panel guidelines recommendhave been identified. Some of these adverse effects
treatment at any CD4+ cell level and viral loadsappear to be associated with all currently approved
>10 000 copie§! Others have advocated hitting protease inhibitors, hence may be considered a
HIV not only hard but also early, essentially at any‘class effect’ (at least for the current peptidomi-
detectable viral load. The draft guidelines from themetic class), whereas other events appear unigque to
US National Institutes of Health are available onor most prominent with a single agent.
the Internet at: www.hivatis.org. The British HIV Protease inhibitors are amongst the most potent
Association agrees that the arguments for startingingle agents available for the treatment of HIV
treatment are clear in persons with a CD4+ cellinfection. Treatment with these drugs has re-
count below 350/m#and viral loads in or above volutionised HIV care in recent years and protease
the range of 10 to 50 000 copies/ml. However, ininhibitors are likely to remain an extremely impor-
persons with higher CD4+ cell counts and lowertant part of the therapeutic armamentarium for the
viral loads, the decision to treat or not to treat reforeseeable future. Randomised controlled trials
quires a weighing of the risks of therapy, bothwith clinical end points attest to their value in rel-
physical and psychological, against the potentiahtively late and usually symptomatic disease. For
benefits of therapy in terms of reduction in mor-example, using the combination of zidovudine,
bidity and mortality®-°] lamivudine and indinavir in treatment-experienced
Indeed, antiretroviral therapy is not without risk patients in the AIDS Clinical Trials Group (ACTG)
and only limited data on long term (>2 years) 320 study was associated with a halving of clinical
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events over 38 weeks follow-up compared withbased primarily on the Multicentre AIDS Cohort
treatment with zidovudine and lamivudiR@.A  Study (MACS) analysi8”] Together, this should
similar reduction in risk was reported for treatment-provide information on whether to treat or not to
naive persons commencing therapy with the combitreat, which can then be used to make informed
nation of zidovudine, zalcitabine and saquinavirindividual therapy decisions. Additionally, we will
hard-gelatin capsules (HGC) [an old formulation briefly discuss the choice of individual protease
of saquinavir no longer in widespread use] com-inhibitor and considerations for the use of protease-
pared with zidovudine and zalcitabiR&.Another  sparing HAART regimens.
study in advanced, nucleoside analogue pre-treated
patients indicated that the addition of ritonavir to 2. Risks of No Treatment
an established nucleoside analogue regimen (not a
currently recommended treatment strategy) also Data from natural history studies suggest the fu-
resulted in dramatic improvements in survival andture clinical course of HIV-1 infection may be de-
a delay in clinical events in patients with very ad-termined soon after acquisition of the virus. Spe-
vanced diseadé?] cifically, CD4+ cell count—matched persons with
The approved protease inhibitors, indinavir, low viral loads (e.g. <3000 to 5000 copies/ml) at
nelfinavir, ritonavir and saquinavir soft-gelatin presentation have significantly fewer events in
capsules (SGC) are all peptidomimetic agents wittPoth the medium (3 to 5 years) and long (>10 years)
an identical mode of action against HIV protease term than those with higher initial viral load4:7]
Whilst there are differences in pharmacology, the Data from the 1604 patient MACS have pro-
activity of the protease inhibitors when used in tri-vided actuarial type assessment of risk of disease
ple therapy regimens in treatment-naive patientsprogression based on single or multiple CD4+ cell
based on several small studies, and cross studsount and viral load results At the time this co-
comparisons appears similéfl Therefore, the hort study was initiated no antiretroviral treatments
choice of HIV protease inhibitor will be based not were available. Therefore, the study provides valu-
only on activity but also on issues such as: able insights into the natural history of untreated
. safety profiles HIV infection. It is clear from this, and other stud-
ies[14-18lthat the risks of progression and/or death
are mainly confined in the short (1 year) term to
those with a CD4+ cell count <200/rirkiowever,
measurement of viral load provides invaluable
additional discriminatory data on both short and
medium/long term risk of disease progression in
istration with food or in a fasting state) persons across the full range CD4+ cell counts.

* resistance profile and the potential for salvage Use CD4+ cell count and viral load provides a
€ P he p . 9 powerful means of assessing risk or ‘staging’ HIV
after resistance-associated treatment failure

, o disease. Based on these data, a regression tree in-
* patient status and past and family history corporating both HIV-1 RNA and CD4 measure-
* in vitro synergy or non-antagonism with other ments was designed to provide risk estimates for

e potential pharmacokinetic and metabolic inter-
actions with concomitant medications [e.g. cy-
tochrome P450 (CYP) enzyme system inhibition
or induction]

« convenience of administration (including twice
or thrice daily administration, need for admin-

drugs AIDS over 3, 6 and 9 years’ follow-up. Viral load
+ compartmental penetration e.g. lymph nodesyisk categories used in this study, as measured by
CNS, genital tract. the branched DNA (bDNA) assay version 2 (limit

While decisions regarding therapy must be in-of detection 500 copies/ml), wer500, 501 to
dividualised, in this article we plan to review the 3000, 3001 to 10 000, 10001 to 30 000 and >30 000
available data regarding the risk of therapy bal-copies/ml (fig. 3)*1 Levels of HIV-RNA mea-
anced against established the risk of no therapgured by reverse transcription polymerase chain re-
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1604 total participants.
998 participants with AIDS

(p <0.001)
HIVRNA <500 HIVRNA  HIV RNA HIV RNA HIV RNA
copies/ml 501-3000 3001-10 000 10 001-30 000 copies/ml >30 000 copies/ml
(p +0.003) copies/ml  copies/ml (p <0.001) (p <0.001)
(p <0.001)
CD4+ CD4+ CD4+  CD4+ CD4+ CD4+ CD4+ CD4+ CD4+ CD4+ CD4+
>750 <750 >750 <750 >750 351-750 <350 >500 >351-500 201-350 < 200
cells per cells per cells per cells per cells per cells per cells per cells per cells per cells per cells per
mm3 mm3 mm3 mm? mm3 mm3 mm? mm? mm3 mm?3 mm3
All participants (n) :
66 56 257 93 300 64 259 73 141 121 104 70
Participants with AIDS (n) :
3 13 90 39 179 42 194 63 105 111 92 67
Percentage of participants with AIDS (95% confidence intervals):
By 3 years 0.0 3.7 2 3.2 8.1 9.5 16.1 40.1 32.6 47.9 64.4 85.5
(0-0) 0-4)  (0-7) (0-7) (5-11) (3-18) (12-21) (29-52) (25-40) (39-57) (56-74) (77-93)
By 6years 1.7 9.6 16.6 14.2 37.2 36.7 54.9 72.9 66.8 77.7 89.3 97.9

(0-6) (2-17) (1221) (7-22) (32-43) (25-49) (49-61) (63-84) (58-76) (69-85) (82-95) (92-100)
By 9years 3.6 223 354 404 597 624 763 862 763 944 929  100.0
(0-9) (12-35) (29-41) (30-52) (54-66) (49-75) (71-82) (77-94) (69-83) (90-99) (87-98) (100-100)

Fig. 3. Probability of developing AIDS according to HIV-1 concentration and CD4+ lymphocyte count. The P values are derived from
the likelihood ratio test using Cox regression. Mean 95% confidence intervals were derived from 500 bootstrap samples using the
percentile method (reproduced from Mellors et al.,[7] with permission).

action (RT-PCR) are approximately 2-fold higher  Three-, 6- and 9-year probabilities of AIDS are
than those measured by bDNA meth8dks. summarised in figure 3.

Whilst immune activation markers, such as sol-
uble tumour necrosis factor type Il receptors
(TNFRINIE or CCRS5 allele statu?! may pro-
vide some additional predictive value beyond us-
ing viral load and CD4+ cell count, they are not
routinely available. Additionally, care in interpre-
tation of individual viral load results must be taken  |n establishing a risk-benefit analysis we sought
due to the known variability of the assays (approx+to considered several issues:
imately 3-fold) and the potential for recent infec-+ the magnitude of benefit gained relative to no
tions or vaccinations to transiently increase viral therapy and/or other available therapies
load. Therefore, decisions based on viral load the frequency of adverse events experienced,
measurements should be confirmed with a second particularly at a moderate or more severe level,
sample. or those requiring drug discontinuation

3. Benefits of Protease Inhibitor-Based
Highly Active Antiretroviral Therapy,
and Considerations for a

Risk-Benefit Analysis

O Adis International Limited. All rights reserved. Drug Safety 1999 Apr; 20 (4)
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< the impact of therapy on quality of life, both the of responders observed following treatment with 2
physical and psychological aspects. nucleoside analogues alone.

Additionally, substantial and sustained im-
provements in CD4+ cell numbers and function have
been well documented with protease inhibitor-based
. ) ) ) _regimens. Thus, protease inhibitor—based triple

There is no question that regimens involving therapy in less advanced disease patients results in
protease inhibi.tors significantly prolqng Ii.fe and changes in established markers of HIV disease
delay progression to AIDE?*?IReductions in the i suggest a substantial but incomplete reduc-
risk of progression of around 50% relative to dualijsp, i, risk of future disease progression. However,
nucleoside analogue regimens alone have beefyig penefit is only sustained in persons who are
seen in several clinical endpoint studies with Pro-4ple to remain tolerant and adherent to therapy:

tease |nh|b|t9rs, mt_:ludmg both pre-treated andwhat proportion of asymptomatic recipients this
treatment-naive patienfd:121 These may repre- represents remains unclear

sent underestimates of the true benefits of protease However, in such patients, analyses such as

inhibitor-based triple therapy as these studies all .. "~ . e ]
included methodological differences (formulations quality-adjusted life-years (QALYs) saved or qual

and dosage sizes, addition of a single agent onl)}ty_adJUSted time without symptoms and toxicity

and inconvenient administration schedules) to cur—ElQ;/TVX'St-L) arne regu:ﬁdawi?s N rty{oes Ofir?;]iilxsfs
rent practice. Clinical endpoint data and follow-up a f.o. een perto Vs'th id P odease tho B
data for >1 year are essentially only available jpcontaining regimens. With zicovudine monother-
individuals with a high likelihood of developing 2PY In @symptomatic persons the reduction in qual-

clinical events in the near future. For example, thdlY of life caused by severe adverse effects

ACTG320 study was conducted in persons with aapproximately equals the increase in quality of life

mean CD4+ cell count of 87/n#and viral load of @Ssociated with a delay in disease progreséon.
5.0 lod® (i.e. patients with a 3 year probability of While HAART regimens provide greater antiviral
progression in MACS of >859%7] Similarly, the ~ Potency and clinical .beneflt tha}n zidovudine
Invirase International Phase Il Trial (SV14604) Monotherapy these regimens also include a greater
included patients with median CD4+ cell count of Number of potentially toxic agents.
195 to 204/mr and viral load of approximately Two quality-of-life analyses have been reported
5.0 logi] In these circumstances, when the risk offom protease inhibitor studié®:? However,
no treatment is very high, the benefit of an effectivePoth analyses were conducted in settings that are
therapy, even one with a considerable safety risknot directly comparable to current practice: one in-
is on balance, likely to strongly favour interven- volved a suboptimal and now superseded formula-
tion. tion of saquinavir and the second involved the ad-
Clinical outcome studies using protease inhibi-dition of ritonavir alone to failing nucleoside
tors have not been conducted in persons with lesdierapy. Additionally, both were conducted in pa-
advanced disease. However, in persons with lestients with advanced disease. In the first analysis
advanced HIV disease, studies of over 24 to 4®f the study SV146041 patients gained a quality-
weeks of follow-up indicate that triple therapy re- of-life benefit from 3-agent therapy relative to 2-
gimens including a protease inhibitor result in aagent therapy, the benefit being greatest in the
substantial proportion of patients who remain onphysical function dimensio!l In the second anal-
therapy achieving and sustaining viral load levelsysis, with ritonavif!?l initial quality of life, as mea-
at levels that are associated long term nonprogresured by the European Quality of Life (EuroQOL)
sion. The proportion of patients achieving such re-questionnaire, but not the MOS-30 survey, deteri-
sponses is consistently better than the proportiomrated over the first 4 to 8 weeks of therapy before

3.1 Benefits of Therapy

O Adis International Limited. All rights reserved. Drug Safety 1999 Apr; 20 (4)
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it improved. Using the MOS-30 survey, after 3 tients appear to find it more difficult to adhere to
months of therapy a range of function and well-therapy than those who have experienced signifi-
being scores improved, or were betterimeined  cant symptom&3] Poor adherence is strongly as-
in ritonavir recipients than in placeboigients?2  sociated with persistent measurable virus load on

Protease inhibitor-containing HAART regimens therapy, hence an increased risk of resistéite.
result in approximately 60 to 80% of therapy-naiveResistance to zidovudine, and potentially to other
recipients achieving a viral load below standardantiretrovirals, is an independent risk factor for ac-
assay quantification values (400 to 500 copies/mlixelerated disease progression relative to the pres-
and 40 to 70% have a viral load of below 50 cop-ence of wild type viru&®! Furthermore, cross-
ies/ml by 24 weeks of therapy, suggesting that notesistance within therapeutic classes appears
all patients respond optimally to therapy. Many common, hence failure on one regimen may reduce
HAART recipients develop serious or severe andhe chances of a prolonged therapeutic response to
treatment-limiting drug-related adverse effectsa subsequent regimé!
sooner than disease progression would have oc- Thus, in asymptomatic persons with higher
curred. Failure to achieve or sustain antiviral ef-CD4+ cell counts (for example >350 cells/@m
fects and treatment limiting toxicities result in and low viral loads (certainly <10 000 copies/ml),
many patients commenced on protease inhibitorwhere the 3 year probability of disease progression
based HAART still experiencing disease progresdis <10%/17] appreciation of whether the 3 year risk
sion. For example in ACTG320, 33 (6%) of 577 of treatment-associated morbidity is greater or less
patients randomised to zidovudine, lamivudinethan 10% is required if therapeutic intervention is
and indinavir developed AIDS or died over a me-to be justified.
dian of 38 weeks of follow-up. In the sub-popula-  We currently believe that intervention is not jus-
tion of 219 patients entering the study with a CD4+tified in persons with a risk of disease progression
cell count of<50 CD4 cells/mry, disease pro- of <10% over 3 years as intervention in these indi-
gressed in 23 (11%) of patiertd. viduals will produce more episodes of moderate,

Therefore, the benefits of protease inhibitorsevere or treatment limiting events than it will pre-
therapy cannot be seen as absolute. Thus, wherent disease progressions. Additionally, it may be
considering the benefits of HAART, it cannot be possible by routine follow-up to identify many of
assumed that all patients commenced on therapthe subset of patients within that population who
will have the risk of disease progression reducedvill progress as their CD4+ cell count and viral
to zero. We would suggest that this reduction inload results are likely deteriorate moving them into
risk may be around 75% in patients with advanced prognostic group where intervention is favoured.
disease relative to no therapy. This benefit may b&atients with a 10 to 20% risk, such as those with a
greater in less advanced patients. This is based d@D4+ cell count of 351 to 750 cells/irand viral
benefits observed with monotherapy relative to ndoad as measured by bDNA of 10 000 to 30 000
therapy, the relative reductions in risk observed incopies/ml may represent a ‘grey zone’ where ther-
dual nucleoside therapy studies relative to monoapy with a regimen with a low incidence of adverse
therapy and triple therapy relative to dual ther-effects may be justifiable.
apy[13]

3.3 Is There a Clear Rationale for
3.2 Risks of Early Intervention Early Intervention?

Asymptomatic patients commencing therapy There is a range of biologically plausible rea-
may have substantial psychological morbidity as-sons why early intervention in an infectious dis-
sociated with intervention and a perceived entryease with potent agents is a logical approach. With
into the sick role. Additionally, asymptomatic pa- early intervention, the viral pool may be relatively

O Adis International Limited. All rights reserved. Drug Safety 1999 Apr; 20 (4)
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smaller and more homogeneous, the virus may beare until a profound immune deficit has occurred
only able to infect a narrow range of cells and pre-and are certainly unusual when the CD4+ cell count
venting viral replication at this stage prevents oris >300 cells/mrh
diminishes progressive damage to the immune sys- This suggests, that in the present state of knowl-
tem which may be irreparable. Hopes that earlyedge, commencement of potentially lifelong inter-
therapy might also be associated with eradicatiorvention with substances with an undetermined long
of the virus after 3 or 4 years of intensive therapyterm safety record, such as protease inhibitors and
have been reduced by the finding of a replicationnucleoside analogues, in persons with ‘early’ dis-
competent virus in long lived immunological cells ease (as assessed by CD4+ cell count and viral load
(probably T memory celld§7! measurements) and a low risk of medium term (3
Data on immune restoration during HAART Years) disease progression, should be undertaken
suggest that, over prolonged follow-up, improve-only after informed consideration of the risks and
ments in numerical and functional measures of imbenefits associated with such a strategy.
munity occur and may be accelerated by immune-
based interventions such as interleukil#82?d 4. Protease-Sparing Regimens
While restoration thus far appears incompléte,
it is sufficient for patients to stop a range of treat-
ments or prophylaxes for opportunistic infec-
tions[31:321 Unfortunately, as HIV-specific re-
sponses are not restored and a pool of HIV-infecte
cells remain, antiretroviral therapy cannot be

A discussion of a risk-benefit analysis for pro-
tease inhibitor use is further complicated by the
availability of so called ‘protease-sparing’ re-
&jimens, which also achieve optimal antiretroviral
responses in a high proportion of recipients. The
stopped?9) Additionally, restoration of lymph most 'WeII studied of these regimens invplve 2 nu-

cleoside analogues with a non-nucleoside reverse

HOdQ germinal ce_ntres occurs over tllﬁ%,sug transcriptase inhibitor (NNRTI); however, triple
gesting that there is the potential to re-establish the : .

- : ) .~ hucleoside analogue regimens are also under eval-
critical connections between antigen presentin

I dCD4+ | hocvtes. O "Yation. Three NNRTIs, efavirenz, delavirdine and
f‘e san q ympl ocytes. rf\c':e serocOfnver,s'oril\evirapine, are now widely available. In treatment-
as occurred, critical aspects of Immune function, ., ¢ patients, the combination of efavirenz plus 2

4 and. i h ical models. th ucleoside analogues has shown similar effects on
occurre¢’™ and, in mathematical models, the €x- 5 139ma viral load and similar rises in absolute

tent of HIV replication prior to seroconversion ap- cpa+ cell numbers as an indinavir-containing reg-
pears more than sufficient to generate extensivenan over 24 weeks follow-u@” In this first di-
heterogeneity in the viral populatiéi] Interven-  rect comparison of these approaches, the efavirenz-
tion in, for example, the Delta study was associate¢ontaining combination showed better tolerability
with similar clinical benefits across a range of pa-znd a more convenient administration scheéle.
tients from those with asymptomatic disease tostudies with the NNRTIs nevirapine and delavird-
those with AIDS® Therefore, outside of inter- jne and the nucleoside analogue abacavir with two
vention during seroconversion illness, argumentsyucleoside analogues in treatment-naive patients
in favour of early intervention do not necessarily have also demonstrated superior antiviral effects
stand up to closer scrutiny. to dual nucleoside therapy and comparable rates
A pragmatic view would suggest that although of undetectabilty of viral load assays to protease
AIDS is ultimately the endpoint of persistent HIV inhibitor—based combinations in similar popula-
replication, the clinical manifestations of HIV in- tions[13] NNRTIs appear well tolerated with the
fection, which cause symptoms and ultimately majority of adverse events occurring within the first
death, are those of a failing immune system. Opfew weeks and rates of treatment discontinuation
portunistic infections and tumours are relatively being generally <5% for drug related toxidisj.
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The most common adverse events with NNRTIsmore ‘brittle’ than those containing protease inhib-
are rash, which is generally self-limiting but canitors as accumulation of fewer mutations is re-
rarely be severe, and generally short-lived CNSquired for failure. Furthermore, data on control of
disturbances with efaviren¥] Abacavir is associ- HIV replication in so called sanctuary sites, such
ated with a hypersensitivity reaction in 2 to 5% ofas lymph nodes, the genital tract and CNS are not
patients with is usually managed by drug discon-currently available and data on changes inimmune
tinuation[38! Specifically, rechallenge after inter- function with NNRTI or triple nucleoside regimens
ruption of abacavir may potentially result in a moreare also currently sparse. Therefore, accumulation
severe or life-threatening reaction. of comprehensive data over the long term compar-
Both efavirenz and nevirapine can be adminisiNg benefits of protease inhibitor-sparingrsus
tered once daily and delavirdine and abacavir carotease inhibitor-containing regimens are essen-
be administered twice daily without regard to foodtial-
and few tablets are required. Thus, the impact of In conclusion, NNRTI based triple therapy ap-
these drugs on daily life appears, in the absence dfears to have some advantages over protease inhibitor—
quality-of-life data, to be lower than may be the based regimens hence there use may be justified in
case with most protease inhibitors. A further attracPatients who lie in a zone where rigkrsusbenefit
tion of NNRTI-based or triple nucleoside re- for .intervention with a protease inhibitpr—based
gimens, in part, lies in the potential use of proteas&€9imen may not clearly justify intervention.
inhibitors in salvage regimens after failure of an
initial regimen. NNRTIs have not, for the most
part, shown the impressive antiviral effects in nu-

cleoside analogue—experienced patients that have Data available on the long term (>2 years)

bee_n observzdhwnh proteats)e ;nhlblt?fr—cpnta|n|ng?afety of antiretroviral therapy are limited to stud-
regimens and hence may be less efiective as Salgg \ith some nucleoside analogues. Partly be-

vage agents. _ cause of the requirements of drug approval, most
However, long term data (>1 year) with prote- e atment intervention studies have been con-
ase inhibitor—sparing regimens are currently sparsg;cted in persons with symptomatic disease, CD4+
and NNRTIs are not without initial toxicity. Addi-  ¢e|| counts <500/mA=and, more recently, viral loads
tionally, a number of adverse effects of protease.19 000 to 20 000. Thus, even short term safety
inhibitors were not observed until after approval, gata on antiretrovirals in persons with high CD4+
and we do not currently have sufficient long termce|| counts and asymptomatic disease are limited.
experience with protease inhibitor—sparing re- nycleoside analogues currently represent 2 of
gimens to say they are as safe or safer than proteagg 3 agents used in HAART regimens. They are
inhibitor—containing regimens in long term ther- frequent contributors to observed adverse effects
apy. Furthermore, there remains debate as t@uring therapy and are likely to continue to be
whether single target regimens or regimens mad@yidely used. The adverse effects of these agents
up only of pre-transcriptional inhibitors may have occur mostly as secondary effects to inhibition of
disadvantages relative to multi-target, pre- andhuman DNA polymerase Overall, the incidence
post-transcriptional inhibitor combinations. Addi- of severe or worse Severity adverse events appears
tionally, resistance to the NNRTIs (but perhaps notsimilar with zidovudine monotherapy or with com-
with abacavir) generally requires only a single mu-binations of zidovudine and zalcitabine or didanos-
tation whereas significant phenotypic resistance ine in asymptomatic patientfs336.37.39.401Addi-
vitro to protease inhibitors is only observed aftertionally, the incidence of adverse events with
accumulation of 3 or more mutations. Itis thereforezidovudine plus lamivudine appears, in the only
possible that NNRTI-containing regimens may becomparative study, similar to the combination of

5. Risks with Nucleoside Analogues
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zidovudine and zalcitabine in a relatively advancedenefits, which may also have a bearing on long
population41] term clinical benefit have not been adequately
Rates of peripheral neuropathy with stavudine,compared), there is likely to be a different risk-
the principal dose limiting toxicity of this agent, benefit ratio for each of the individual agents. In-
were 15% (compared with 6% for zidovudine) in deed, the risk-benefit ratio for any combination of
patients with CD4+ cell counts of 50 to 500/fim agents may vary between individuals as the risk of
(mean 235/mr) followed for a mean 115 some protease inhibitor-related adverse events in
weeksl*2l a figure that is in line with studies of an individual may relate to issues such as family
zalcitabine in similar patient populatiot8. How- history (e.g. diabetes mellitus or hyperlipidaemia)
ever, several studies have shown a clear associatigrast medical history (e.g. renal calculi) or current
between peripheral neuropathy with nucleoside anmedical problems (e.g. diarrhoea, hepatitis B or C
alogues and clinical status as assessed by US Ceimfection).
ters for Disease Control category and CD4+ cell
countf*3l 6.1 Class-Related Effects
Thus, therapy with 1 or 2 nucleoside analogues,
even in persons with asymptomatic disease and 6.1.1 Gastrointestinal
preserved CD4+ cell counts, appears to be associ- Gastrointestinal disturbances are commonly ob-
ated with a low, but clinically important, frequency served in the first weeks of protease inhibitor ther-
of adverse events of either grade 3 to 4 severity ofpy. Therefore, many physicians now routinely
of sufficient severity to requiring cessation of ther- provide antinausea and antidiarrhoeal agents at the
apy. Overall, the rate of drug discontinuation orstart of therapy and counsel patients on the man-
severe toxicity across these studies of 2 to 3 yeardgement and generally self-limiting nature of these

follow-up is around 10%. effects. Additionally, as protease inhibitors are gen-
erally started concomitant with other agents, usu-
6. Risks with Protease Inhibitors ally 2 nucleoside analogues, it is difficult to fully

appreciate what proportion of these adverse gastro-

Limited data are available on the prolonged uséntestinal effects relate specifically to the protease
of protease inhibitors, although these drugs arenhibitor. Limited data are available on the need for
widely viewed as being generally well tolerated. medication to control diarrhoea or the duration of
However, a number of important adverse effectsdiarrhoea. A summary of gastrointestinal events
have been identified, many of which have come taderived from the European summary of product
light during the post drug-approval stage. Some otharacteristics (SPC) for indinavir, saquinavir-
these adverse effects appear to be associated wiBGC, nelfinavir and ritonavir is shown in table I.
all of the currently approved agents and hence may In clinical practice, indinavir is associated with
be considered a ‘class effect’ (at least for the curfew gastrointestinal events that require treatment
rent peptidomimetic class), whereas other eventgessation. No differences in the frequency of se-
appear unique to or most prominent with a singlevere or worse adverse events, including gastroin-
agent. testinal events, were reported between the combi-

While class effects clearly exist, the relative fre-nation of zidovudine plus lamivudine plus
quency of each adverse event, based on limitechdinavir and zidovudine plus lamivudine in the
data, varies. Thus, while all protease inhibitors mayACTG320 study!®! Similar good tolerability was
have the potential to cause these events, the riskbserved in the smaller Merck 035 study. In this
associated with each protease inhibitor is differentstudy there was only 1 withdrawal from treatment
Given that the antiviral effects, hence presumablydue to nausea in the triple therapy group (zidovud-
the clinical benefit of each protease inhibitor isine plus lamivudine plus indinaviiy*! However,
similar (although differences in immunological both these studies were conducted in persons who
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Table I. Incidence (% of patients) of gastrointestinal adverse events as summarised from the European summary of product characteristics

Indinavir? Saquinavir-SGCP Nelfinavir® Ritonavir
Nausea 35.3 10.6 4.5 47.5
Vomiting 11.0 2.9 23.6
Diarrhoea 24.6 19.9 25.9 44.9
Dyspepsia 10.7 8.4 Frequently
Taste perversion 19.1 >2 11.4
Abdominal pain 14.6 2.3 11.6

a Assessed as at least possibly related to drug therapy.
b Adverse effects of moderate or severe intensity, considered possibly related to drug therapy.
SGC = soft-gelatin capsules.

had already been established on therapy wittphase I/Il study of an earlier formulation of
zidovudine. In therapy-naive patients, treatmenielfinavir, 70% of 10 patients receiving nelfinavir
with the combination of zidovudine, lamivudine 1026 mg/day experienced grade 2 or worse diar-
and indinavir, a higher incidence of adverse gastrorhoea over a 28-day treatment period. Seven of 22
intestinal events may occur. For example in thepatients in this dose-finding study required treat-
DMP-006 study, 22% of recipients experiencedment with at least one dose of an antidiarrh&él.
nausea and 14% experienced vomiting of grade A retrospective chart review at a single centre
or higher and 15 of 148 (10%) discontinued thisfound that 38 out of 42 nelfinavir recipients rz=2i
regimen due to gastrointestinal evefits.  loose stools per day; the diarrhoea in 96% of these
The most common reported gastrointestinalgg patients responded to treatment with a propri-
events in the ritonavir clinical endpoint study, US-etary antidiarrhoed#®! In a comparative study of

|n.ghaCI|qU|d plrleparatlogﬁogél/torrlrgvm IN PEISONS 541 patients receiving nelfinavir administered
with CD4+ cell counts o£100/mnt were nausea thrice or twice daily in combination with stavudine

(52%), vomiting (29.%)’ diarrhoea (50%), cir- and lamivudine over 36 weeks follow-up, the only
cumoral paraesthesia (28%), and altered taStﬁwoderate or worse adverse events occurring in

04)[12] i
(12%): Nausea was responsible for over half>2% of persons were diarrhoea in 12.3 to 13.1%
(10.4%) of the withdrawals (21.1% of total) in the . 0 . . .
ritonavir group compared with 1.1% of the total and nausea in 2.3 to 4.6%, with only 1 patient dis-
continuing therapy because of diarrh&g&h.

8.3% who withdrew while receiving placebo. o
Other gastrointestinal-related withdrawals from . Dqta from the Study of Proteasglnhlbltor .
ination in Europe (SPICE) stud§l indicate that

treatment (as a percentage of the total population . i i )
vsplacebo) were vomiting (4180.9%), diarrhoea the majority of gastrointestinal adverse events with

(4.3vs 0.9%), altered taste (1v&0.4%) and cir- nelfinavir, saquingvir-SGC or the c_ombinatipn of
cumoral paraesthesia (Iv& 0%) /12! Initial toler- these 2 protease inhibitors occur W|th_|n the first 16
ability of this agent appears better with the capsuléveeks; data presented as cumulative events by
formulation and the use of dosage escalation reweek 16 and 48 are shown in table II.
gimens; however, a substantial proportion of pa- Slmllarly, in the Amsterdam Duration of Anti-
tients continue to experience initial nausea and ditetroviral medication (ADAM) study using the
arrhoea with this agent (see section 6.2.2). Theseombination of stavudine, lamivudine, nelfinavir
adverse experiences tend to resolve over the first @and saquinavir (initially the HGC formulation) in
to 8 weeks of therapy. treatment-naive patients, 33 of 43 patients experi-
Diarrhoea is a prominent initial adverse eventenced loose or watery stools at least 2 to 3 times/
with nelfinavir that persists in some patients. In aday; 50% of these patients required treatment with
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loperamidé4®] However, only 1 patient discon- a mean of 13.9 months of therapy compared with
tinued treatment because of diarrh&éh. only 3% of protease inhibitor—naive perséib.
Additional data with saquinavir-SGC in 442 Suggested risk factors for lipodystrophy in this
mostly nucleoside analogue experienced patientstudy included longer duration of protease inhibi-
receiving this drug for up to 1 year, revealed thattor therapy and use of the combination of ritonavir
8% of the study population discontinued treatmentand saquinavir. However, the frequency of clini-
because of adverse events, of which most were rezally significant problems remains unclear.
lated to the gastrointestinal trdt¥. Moderate se- New-onset diabetes mellitus has been reported
verity or worse gastrointestinal disturbances thain 5.7% of mostly indinavir recipients in a study of
were at least possibly drug related included diaran urban US cohort of patients and in this cohort a
rhoea (20% of patients), nausea (11%), abdominaigmily history of diabetes mellitus was found to be
discomfort (9%), dyspepsia (8%) and flatulencey potential risk factdf”] Other studies suggest the
(6%) 150! incidence of overt type 2 diabetes mellitus during
HAART to be 0.5 to 2%. However, impaired glu-

- L . . cose tolerance, as assessed by glucose tolerance
A syndrome of hyperlipidaemia, insulin resis- y 9

tance and peripheral fat wasting (Iipodystrophy)tes’t.s.maysge present in 1.6% of protease |nh|p|tor
has recently been reported in patients receivini‘?c.'p'ems['. ].In a chart review of 216 protease in-
protease inhibitor therapy. Whilst causation and!IPior recipients abnormal random serum glucose
mechanisms of this syndrome have not been clearl{fVe!S (actual levels not defined) were found with
established, most clinicians agree this syndromén€ following frequencies: indinavir (11.6%),
was rare prior to the availability of protease inhib- Nelfinavir (8.2%), ritonavir plus saquinavir (6.3%)
itors. The syndrome consists of fat loss from arms@nd saquinavir (4.3%)? o

legs and face, accumulation of truncal, including Concomitant lipid level elevations influence
intra-abdominal fat, and gynaecomastia and idevels of both LDL-cholesterol and triglycerides.
commonly associated with elevations in serum tri-'mportantly, elevated triglyceride levels appear oc-
glyceride, low density lipoprotein (LDL)-choles- casionally to be associated with potentially fatal
terol and serum insulin levels, glucose intolerancepancreatitis®® Triglyceride levels were first noted
and insulin resistance. Less commonly, localised© be elevated in studies of ritonavir: Cameron et
accumulations of fat, such as in the dorso-cervicapl.*? reported that 12.9% of ritonavir recipients (as
region (so called ‘buffalo-hump’) have been re-compared with 0.4% of placebo recipients) had
ported®1-58] In the largest cross-sectional study re-fasting serum triglyceride levels of above 16.9
ported to date, fat redistribution, as assessed bgnmol/L. A retrospective chart review of 232 pa-
dual energy x-ray absorptiometry scanning, wadients receiving protease inhibitor therapy for >1
present in 64% of protease inhibitor recipients aftemonth indicated that elevations in triglyceride lev-

6.1.2 Lipid Disturbances

Table IIl. Cumulative adverse events? (% of patients) at weeks 16 and 48 in the Study of Protease Inhibitor Combination in Europe (SPICE)
study!® (by intention-to-treat)

Adverse effect SQV + 2NAs NFV + 2NAs SQV + NFV + 2NAs SQV + NFV

16wk 48wk 16wk 48wk 16wk 48wk 16wk 48wk
Diarrhoea 19 23 27 46 35 45 46 53
Nausea 19 19 8 19 8 8 0 4
Abdominal pain 8 12 4 4 2 4 7 7
Vomiting 8 8 4 4 4 4 2 6

a Includes only those adverse events that were considered to be moderate or worse in severity and to be at least possibly related to drug
therapy or of unknown relationship to drug therapy.

NA = nucleoside analogue; NFV = nelfinavir; SQV = saquinavir.
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els were most common in persons receivingcellular acidosis secondary to DNA polymergse
ritonavir-containing regimens (with 57% of pa- inhibition.
tlgnts experiencing a dgublmg of random triglyc- 6.1.3 Other Adverse Events
eride values from baseline). However, levels were  iher rare adverse events which appear class-
also significantly elevated in nelfinavir recipi- (g|ated include haemolysis with one report being
entsl®? Several additional studies have also sugpyblished. This involved an episode of haemolysis
gested that different protease inhibitors may be asyhich occurred after the patient received 10
sociated with different risk of lipid disturbances, months of therapy with indinavir and resolved on
the risk being greatest with ritonavir, intermediatewithdrawal; the adverse effect recurred with fatal
with indinavir and nelfinavir and lowest with consequences on rechallentfe.
saquinavif61-63] Increased bleeding in patients with haemophilia
The long term impact of hypertriglyceridaemia receiving protease inhibitors has also been de-
and elevated LDL-cholesterol levels on morbidity scribed. In one series 10 out of 17 patients reported
and mortality in persons with HIV infection are not increased bleeding or changes in bleeding pattern,
known. Therapy with fibrates or HMG-CoA reduc- With increased need for blood products in 8 pa-
tase inhibitors may be required by some patientstients over 6 months of protease inhibitor therapy.
Therapy with HMG-CoA reductase inhibitors, No mechanism for these events has been re-
other than pravastatin and atorvastatin, is relativelyported® s _
contraindicated because of the potential for drug HYPersensitivity reactions may be more com-

interactions with protease inhibitors via the CYP m&n n pers(;)ns receiving prgt_ease |nh|fb|tor_s, pOS-
enzyme system. Myocardial infarctions in rela- >'2'¢ Secondary 1o improved immune function or

tively young persons receiving protease inhibitorCYP inhibition. One group reported that 13 out of

) 238 protease inhibitor-treated patients experi-
therapy have been reportéfl; however, a clear o .
h . enced hypersensitivity reactions, mostly maculo-
cause and effect relationship has not been esta

lished papular rashe?! Hypersensitivity reactions oc-
IShed. curred in 4.5% of indinavir-recipients within 25

~ Additionally, other symptoms potentially a5 of starting drug therapy and in 12.5% of
linked with the lipodystrophy syndrome and com- ijianavir recipients within a mean of 16 days of

monly observed during protease inhibitor therapystarting therapy; none of the 50 saquinavir recipi-
include dry skin and cracked lips, loss of body hairents experienced any such reactions. Nine out of
in-grown toenails and gout. The hypothetical 13 patients who experienced hypersensitivity reac-
mechanism of this syndrome including inhibition tions were already established on sulpha drug ther-
of several proteins key to fat metabolism, has beempy!69 Allergic reactions to protease inhibitors ap-
recently proposel® However, further data are re- pear rare, although an episode of anaphylaxis with
quired and it may be that if inhibition of several hypotension, fever, rash and raised liver enzyme
enzymes/transporter molecules by protease inhiblevels occurred in a patient receiving stavudine,
itors is implicated in this syndrome, the expressionlamivudine and indinavir; the reaction recurred on
of the syndrome may vary by protease inhibitorrechallengé’®

related to their effects on the different steps in the ;4|\ mune Restoration syndromes

mechanism. For example, more lipid disturbance \ynjle the immune restoration observed with ef-
with 1 agent, greater risk of diabetes mellitus withfective antiretroviral therapy is associated with a
another and a lower risk of CYP-related problemssignificant reduction in the risk of clinical events,
with a third. In addition, it is not known if nucleo- a number of syndromes, particularly in individuals
side analogue therapy may further contribute towith late stage HIV disease, which are thought to
this syndrome, for example through chronic intra-be related to an improving immune system and re-
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responsiveness to certain opportunistic diseases% of patients who were treated for a mean 30
have recently been described. In some cases, inweeks experiencing dysuria, flank or back géh.
mune reactivation results in intense inflammatoryThe annual incidence of urological symptoms is
reactions such as around Kaposi's sarcoma lesiontherefore likely to be higher. Furthermore, in this
or molluscum contagiosum, which whilst initially study there was a 20% incidence of crystalluria,
painful may be associated with subsequent imoften associated with ultrasonically detectable de-
provement in these conditioR8:"2 However, in  posits in the renal cortex or medulla, the clinical
some persons ‘unmasking’ of subclinical opportu-significance of which is unclear. No association
nistic disease has been associated with serious @fith CD4+ cell count, a range of risk factors for
severe clinical disease. For example, active vitritissenal calculi or duration of therapy was observed.
of the eye in a proportion of patients with previousThe mean time to symptoms was 18 weeks (range
cytomegalovirus (CMV) disease, the appearance tg 47 weeks). Of 16 patients who interrupted and
of localised tuberculosis ddycobacterium avium  estarted indinavir therapy, 9 had recurrence of
complex disease (particularly abscesses and dissymptoms, all associated with recurrence of crys-
charging sinuses) and flares in hepatitis have allg;| rial7e! Crystals of indinavir have been found
been reportell>"®l Patients with late stage HIV i, the yrine although stones may be a mixture of
infection commencing protease inhibitor therapyinginavir and oxylates. Renal colic or nephrolithi-
may therefore need to consider, for example, the,qiq \yas reported in 4% of triple therapy patients
use of corticosteroids to dampen potentially Seri-y\er a median 38 weeks in ACTG329.The inci-
ous inflammatory reactions in the first weeks afterdence of this adverse may be more common in

theTr?gieczmer:tesn;:reen;]eo?i.r v adverse effects of proVa™M climate¥’] although the incidence is said to
v uly adv P"%e lower if fluid intake is increasd® A syndrome

tease inhibitors but are likely to be related to a Tt individuals developing (mostly) reversible ob-

covering immune system. Itis uncle_ar i pr(.)t.easestructive nephropathy with renal dysfunction with
inhibitor—containing therapy results in specific or

. L .~ crystaluria whilst taking indinavir has also been
more rapid improvements in immune function

: A i 77,79-83]
which make these events more likely or more Seywdely repprted. . .
In addition, hepatitis or more severe transamin-

vere than with protease inhibitor-sparing regimens, . . . e .
Whilst risk of these events does not represent a is with concomitant hepatitis A infection has been
ported with indinavit®4

obstacle to therapy it does represent an additiondF o
Overall, the incidence of all severe or worse ad-

cause of morbidity with therapy. -
verse events was similar between the 2 treatment
6.2 Adverse Events with Individual Agents groups in ACTG320, a study of patients with ad-
S ~vanced disease (CD4+ cell count of <200 m
Data on other individual adverse effects, i.e.that compared the combination of zidovudine and
those not considered as class-related effects, as dgmivudine with zidovudine, lamivudine and in-
tailed in the European SPC are shown in table Ill ginavir. Patients receiving indinavir experienced a
It should be noted that reporting of adverse eventgjgnificantly lower incidence of neutroperidl.
varies between products making direct comparison - so|ated asymptomatic hyperbilirubinaemia [to-
challengmg. Additional information On More CoM- (4| pilirubin level of 43umol/L (2.5 mg/dl)], re-
mon, serious or severe events will now be disy,ted predominantly as elevated indirect bilirubin
cussed. levels and rarely associated with elevations in ALT,
6.2.1 Indinavir AST, or alkaline phosphatase, has been seen to oc-
In a cohort of 240 patients (median CD4+ cell cur in approximately 10% of patients treated with
count of 472 cells/m#) indinavir was associated indinavir alone or in combination with other anti-
with a 3% incidence of renal calculi with a further retroviral agent&°! Most patients continue treat-
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Table Ill. Incidence of adverse events (% of patients) as reported from the European summary of product characteristics

Indinavir? Saquinavir-SGCP Nelfinavir® Ritonavir®
Nausea 35.3 10.6 4.5 475
Vomiting 11 2.9 23.6
Diarrhoea 24.6 19.9 25.9 449
Dyspepsia 10.7 8.4 Frequently
Taste perversion 19.1 >2 114
Abdominal pain 14.6 23 11.6
Acid regurgitation 6.5
Headache 252 5.0 155
Rash 19.1 3.0 Frequently
Fatigue/asthenia 243 47 223
Renal calculi 4.0
Dry skin 16.2
Flatulence 7.8 5.7 25 Occasionally
Insomnia 7.4 Occasionally
Pruritus 7.4
Hyperaesthesia 7.1 Frequently
Dry mouth 6.8 Occasionally
Dysuria 6.5
Paraesthesia 5.2 Peripheral 15.4

Perioral 26.6

Myalgia 5.2 >2 Occasionally
Dizziness 10.7 Frequently
Vasodilation Frequently

a Assessed as at least possibly related to drug therapy.
b Adverse effect of moderate or severe intensity, considered possibly related to drug therapy.
SGC = soft-gelatin capsule.

ment with indinavir without the need for a dosagelevel >215 IU/L in 9% of ritonavir recipients 4%
reduction and bilirubin values gradually decline to-of placebo recipients angiglutamyl transferase
ward baseline. Hyperbilirubinaemia occurred level >300 IU/L 21.1%5s11.9%), raised creatinine
more frequently at dosages exceeding 2.4 g/daphosphokinase levels (>800 IU/L 12.5%8.2%)
compared with dosages <2.4 g/df&Y. and raised blood lipidé?!

Initial tolerability of this agent appears better
with the capsule formulation and the use of dosage

(CD4+ cell counk100/mnf) the addition of a lig-  ©SC313tion regimens; however, a substantial pro-
uid preparation of ritonavir to established nucleo-Portion of patlgnts contln_ue tq experience initial
side therapy, resulted in 17% of patients stoppind'24S€2 and_ diarrhoea with this agent. Th(_ase ad-
therapy because of adverse events compared witfErS€ €xperiences tend fto resolve over the f|_rst_4 to
6% of placebo recipients2 The most commonly 8 Weeks of therapy and intolerance may be limited
reported adverse effects of ritonavir were nause®Y dosage escalation over the first few welfs.
(52%), vomiting (29%), diarrhoea (50%), cir- Comparing escalation to 600mg twice daily over 7
cumoral paraesthesia (28%), asthenia (25%) and€rsus 14 days showed better results with the 14-
altered taste (1292 Nausea was responsible for day escalation. Data reported on 79 patients ran-
withdrawal from treatment of 10.4% of all domised 1 1to 7 day (arm A) or 14 day (arm B)
ritonavir recipientd!?l Laboratory abnormalities dosage escalation schedules are shown in table
include raised hepatic transaminase levels (ALTIV.[87]

6.2.2 Ritonavir
In patients with advanced immunodeficiency
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Table IV. Adverse events with dose escalation regimens of ritonavir of raised transaminase levels. In patients with a his-
[83] - . . g

capsules tory of hepatitis B or C infection or unspecified

Adverse event No. of patients (%) hepatitis only 8/39 had3 grade shifts in transam-

treatmentarm  treatment arm

i 2
A (1239 Bb(n=40) inases on study?!

Nausea 19 (49) 12 (30) 6.2.4 Nelfinavir

Vomiting _ 7(18) 5(12.5) The most common adverse event with nelfinavir
E:;f.:?,if' paraesthesia ig’ EZ; ;431 gi; ?s dia_rrhoea, a_llthough the incider_me of dose-limit-
Treatment discontinuation 15 (38) 9 (23) ing diarrhoea is unclear from available data. Other
because of an adverse effect adverse events have only infrequently been re-
a ArmAwas a7 day dosage escalation schedule. ported but include headache, asthenia, rash and
b_Arm B was a 14 day dosage escalation schedule. myalgia and elevation of hepatic transaminase lev-

elsl® Limited published data on completed

nelfinavir studies are available to provide informed

opinion as to risk with this drug apart from gastro-

Patients with a concomitant hepatitis B or C in-intestinal events. Many patients receiving long
fection may have greater difficulty tolerating term nelfinavir tr(_aatment continue to report an _al-
ritonavir, with some patients experiencing substan{€red stool consistency and less frequently diar-
tial elevations in hepatic transaminase levels in th&h0€a which in some cases remains a problem for

weeks following therapy initiation. The incidence the p_ati_er_lt. Howeyer, in _the authors’ experience
of this problem may be dosage relatisd few individuals with satisfactory treatment re-

sponses to nelfinavir wish to discontinue or modify
6.2.3 Saquinavir therapy because of these effects.
Saquinavir-HGC is the most well tolerated but

least active available protease inhibitor prepara- 7. Safety of Dual Protease
tion. Moderate or worse severity diarrhoea was ob- Inhibitor Therapy

served in 3.8% of recipients with advanced disease
receiving this drug in combination with zalcitab-
ine, with liver function test and haematological ab-

normalities occurring in <1%% However, this uency. Dosage reductions, particularly of
preparation ca_mn_ot_ be recommended for use as t onavir, enable therapy with this agent to be more
sole protease inhibitor due to lower potency than th‘?eadily tolerated in combination use

new soft gel capsule or other protease inhibitors. Adverse events reported during treatment with

The soft-gel formulation of saquinavir, (iionavir plus saquinavir are largely consistent with
saquinavir-SGC, appears to be associated with g safety profile of ritonavi#29 Events include

slightly higher incidence of adverse events than theyjtia| nausea, diarrhoea, taste disturbance and
HGC preparation. In the safety study NV15182 in 442yerioral paraesthesia. These effects generally re-
mostly nucleoside analogue treatment-experiencegp|ve with continued therapy and can be reduced
patients receiving this drug for up to 1 year, 8%py following a dose-escalation regimen at the time
discontinued treatment because of adverse event§ introduction of ritonavir. Lower dosages of
mostly related to the gastrointestinal tr&€tOther  ritonavir, such as 400mg twice daily, appear to be
moderate or worse severity events that were reassociated with improved tolerability of the
ported in more than 5% of patients were fatigue anditonavir-saquinavir combination without loss of
headache. Shifts in hepatic transaminase levelactivity. Elevation of hepatic transaminase levels
(ALT or AST) of=22 grades occurred in 3 to 4% and was observed in a small proportion of patients in
<0.5% of patients discontinued treatment becaus¢he study of Cameron et &% most commonly in

No unexpected adverse events have been re-
ported with dual protease inhibitor therapy. How-
ever, some adverse events may be increased in fre-

O Adis International Limited. All rights reserved. Drug Safety 1999 Apr; 20 (4)



Risk-Benefit Assessment of HIV Protease Inhibitors 315

Table V. Incidence (% of patients) of laboratory abnormalities as reported from European summary of product characteristics

Indinavir? Saquinavir-SGCP Nelfinavir® Ritonavird
Raised ALT levels =10 5.7 <2 Frequently
Raised AST levels =10 4.1 <2 Occasionally
Raised GGT levels 5.7 12
Raised bilirubin levels 210 Reported Occasionally
Raised CPK levels 7.8 3.9 Frequently
Raised glucose level Occasionally
Low glucose level 6.4
Raised potassium level 2.7
Anaemia Reported Reported
Neutropenia >10 2.9 4.5 Reported, leucopenia 16
Low platelet count Reported
Haematuria Reported
Proteinuria Reported
Raised TG levels Frequently
Raised cholesterol levels Reported
Raised amylase levels Reported Occasionally

Abnormal thyroid function

a At least possibly related to drug therapy over 24 weeks of follow-up.

b Marked change, grade 0 to =3, grade 1 to grade 4, up to 1 year follow-up.

¢ Marked change, grade 0 to 23, grade 1 to grade 4, 24 weeks follow-up.

d At least possibly related to drug therapy in phase II/1ll studies.

ALT = alanine amino transferase; AST = aspartate amino transferase; CPK = creatine phosphokinase; GGT = y-glutamyl transferase;
SGC = soft-gelatin capsule; TG = triglycerides.

patients receiving the highest dosages of eachigue (16/43 patients), raised triglyceride levels
agent. Risk factors for an episode of grade 4 transt15/43), headache (16/43) and abdominal discom-
aminase level elevation included a hepatitis B or dort (9/43)[4°]

infection and elevated transaminase levels at base-

line and escalation of either agent to a dosage of 8- Laboratory Abnormalities

600mg twice daily. The frequency of laboratory abnormalities as
With the combination of saquinavir and nel- reported in the European SPC for the protease in-

finavir, nausea and diarrhoea have been the mosfibitors are shown in table V. Further details of

commonly reported adverse events but they are gefglucose and lipid disturbance were discussed in the

erally mild to moderate and self-limitii¢f] The  section on lipodystrophy (section 6.1.2).

frequency of diarrhoea appears greatest in the com-

bination arms in the SPICE stud§ with diar- 9. Other Therapy Considerations

rhoea (all grades) being reported in over 50% of

dual protease inhibitor recipients (see table 1I). 9.1 Adherence

Laboratory abnormalities have been infrequent in The success of any therapeutic intervention is

this studyi*®) dependent upon the patient adhering to the pre-
In ADAM 9] mild increases in liver enzyme gcriped therapy. Non-adherence among patients is
levels occurred in 10/43 patients, causing disconmore prevalent when the illness is chronic and in
tinuation of therapy in 3 patients by week 16. Otherthe absence of clinical symptoms where treatment
adverse events (all grades) occurring by week 2&i.ecommendations may be considered prophylactic.
but not causing treatment discontinuation, were faExperiences with other chronic diseases such as
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Table VI. Adult dosage requirements of approved protease inhibitors at recommended administration frequency.

Approved dose Frequency Food relationship Number of pills/day
Indinavir 800mg tid Fasted or low fat 6
Nelfinavir 750mg tid Preferably with food 9
Ritonavir 600mg bid Preferably with food 12
Saquinavir-HGC 600mg tid Within 2 hours of food 9
Saquinavir-SGC 1200mg tid Within 2 hours of food 18

bid = twice daily; HGC = hard-gelatin capsule; SGC = soft-gelatin capsule; tid = thrice daily.

diabetes mellitus, organ transplantation, renal failistration regimens including twice or three times
ure, tuberculosis and hypertension indicate that padaily and the need to administer with or without
tient adherence has a direct effect on clinical outfood.

come. In these illnesses, adherence to treatment, The approved administration requirements for
that is taking >80% of prescribed doses, averageprotease inhibitors are shown in table VI. However,
40 to 60% of patients. Investigators have identifiedshort term activity and safety data suggesting twice
a number of factors consistently associated withdaily administration of both nelfinavir, saquinavir

poor adherence. These include: (and the unapproved protease inhibitor amprena-
< lack of knowledge about disease and medicatiowvir) is feasible. Twice daily administration with in-

« anxiety about taking medication dinavir, however, requires the inclusion of

« concerns about adverse effects ritonavir 100 to 400mg twice daily to ensure ade-
« health beliefs guate trough concentrations.

« complexity of regimens Data from our clinic in London suggest expec-

« poor clinician-patient relationships. tations of drug efficacy and safety, health beliefs,

Additionally, patients may choose not to adherefeedbat_:k of laboratory results and use of stimulant
to treatment as away of retaining control or of cop-r€créational drugs [such as methylenedioxy-
ing with their illness. As poor adherence generallymethamphetamine (‘Ecstasy’)] all impact on ad-
has no immediate or overt negative consequencd3€"€NCe in persons receiving protease inhibitors.
for the patient, and in some cases may result it"terestingly, pill burden was not noted to influ-
diminution of adverse effects, the patient may befNCe adherence; if patients were going to take their
readily able to reassure themselves that missin§!l!S they would take the prescribed quaniity.
doses is relatively harmless. Thus, persons requiring therapy may accept a

Frequency of administration appears critical totrade-off of a higher pill burden if it means receiv-
adherence. In patients with hypertension, compli{Nd & better tolerated or more effective therapy.
ance improved from 59% with 3 times daily admin-
istration to 84% with once daily administration. 9.2 Metabolism of Protease Inhibitors and
Compliance between once and twice daily admin- Pharmacokinetic Interactions
istration may not differ. With antihypertensive
drugs given twice daily, less than half the doses The approved protease inhibitors are all primar-
were taken within 12 2 hourd??:9%] Timing of  ily metabolised through the CYP3A4 isozyme of
doses may be particularly important in persons rethe CYP enzyme system although a small propor-
ceiving protease inhibitors, which have a closetion of ritonavir, and possibly other agents, is me-
plasma to intracellular concentration relationshiptabolised through CYP2D8Y The CYP3A4 iso-
and relatively short plasma half-lives. Treatmentenzyme is found both in enterocytes in the gut wall
recommendations should therefore be individual-and in hepatocytes. A normal distribution exists in
ised based on the patients’ expectations or beliefthe activity of CYP3A4 across populations hence
regarding their ability to manage different admin- substantial exposure differences occur between in-
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dividuals with the fixed doses of protease inhibi- protease inhibitor therapy appear to be outweighed
tors currently employed. This may represent aby the benefits of therapy across a population. Sim-
common reason for inadequate or poorly sustainedarly, in persons established on protease inhibitor
response to protease inhibitor therapy. Addition-therapy, who are achieving optimal therapeutic re-
ally, transcellular transport (permeability) of some sponses and who are not experiencing significant
protease inhibitors may be influenced by p-glyco-adverse effects, no change of therapy is indicated.
protein, an efflux transporter protein thought re-However, in persons with a low risk of short to
sponsible for failure of some cancer chemotherapynedium term (1 to 3 year) disease progression,
agents. monitoring rather than intervention may be associ-
All protease inhibitors act as competitive inhib- ated with a lower overall morbidity. For example,
itors of CYP3A4. However, variability exists be- intervention in 100 patients with a 10% 3-year risk
tween the affinity of each agent to the enzyme angys progression may prevent say, 8 or 9 of these
hence the extent of competitive inhibition. progressions, but may cause say 15 persons to ex-
Ritonavir is the most potent inhibitor of CYP3A4 perience moderate or worse severity adverse ef-
and may also inhibit other CYP isozymes such agects or treatment-limiting drug-related toxicity.
CYP2C9, CYP2C19 and CYP2D6. Ritonavir in- The remaining 75 patients gain no overt benefit or
duces its own metabolism through CYP3A4 and alsQyy erience any significant toxicity. Most of the 10

induces glucuronosyl transferase and CYP1A2s iaﬂems who would have progressed would have

s?mer:nteractpﬂshmay perilst tf)or a;hort Perotaen identified by monitoring as their markers of
after therapy with this agent has been discontinuedqy o er time would have changed to indicate in-

Some autoinduction is also thought to occur duringCreasing risk, singling them out for intervention.

the initial weeks of nelfinavir use. Therefore, inter- When the 'decision to use a protease inhibitor-
act!ons between the;e agents and other_phgrmgc&—mtaining regimen is clear, consideration should
logical agents may differ from those with indinavir be given to the view that the risk associated with

orsaqumav_wwhlch appear tq qnly inhibit CYP3A. each protease inhibitor is different. Given that the
Saquinavir is the weakest inhibitor of CYP3A4and ~ " . ST
antiviral effects of each protease inhibitor in ther-

nelfinavir and indinavir are intermediate to this . . S -
py-naive patients is similar there is likely to be a

agent and ritonavir. Thus, ritonavir has the greatest’ _ . . L
effect on a co-administered CYP metaboliseqdferent risk-benefit ratio for each of the individ-

drugs (both legal and illegal) whereas saquinavilual age”t,s- Indeed, the risk-bgqefit ratig fqr.any
has the smallest effelét] combination may vary from individual to individ-

ual as risk of some protease inhibitor-related ad-
verse events in an individual may relate to issues
such as family history (e.g. of diabetes mellitus or
hyperlipidaemia), past history (e.g. of renal cal-

While the risk-benefit ratio for the use of prote- culi) or current medical problems (e.g. diarrhoea,
ase inhibitors as exceptionally potent remedies fohepatitis B or C infection).
the treatment of HIV disease was clearly in favour It is therefore not possible to provide a broad
of their early use a year or so ago, emerging adverg€commendation for any single protease inhibitor,
effects have left the risk-benefit ratio for the treat-suffice to say that all approved protease inhibitors
ment of early disease less clearly defined. It rehave a role in clinical practice and further agents
mains true that protease inhibitor-based HAART iswith improved tolerability and administration
the most well proven therapy for treatment of HIV- characteristics are required. Accumulation of addi-
infected persons for whom a substantial risk (pertional data are required to further inform this deci-
haps >10 to 20% over 3 years) of disease progresion, an issue which may require more robust en-
sion exists. In these circumstances, risks ofcouragement or enforcement by regulatory bodies.

10. Conclusions: Individualising Risks
and Benefits in Practice
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The problem with over-reliance on small short For the moment, however, the undoubted ad-
term activity marker studies to guide therapy is thatverse effects of the protease inhibitors, the potency
long term adverse effects may be missed. It is to@f hon-protease inhibitor-containing regimens and
early yet to be certain where the new consensus withe difficulties of adherence to certain protease in-
be found regarding therapy in early disease. Howhibitor—containing therapies, mean that there is
ever, we believe it is highly likely that protease- some caution in the previously perceived wisdom
sparing regimens, with the use of potent NNRTIsof using protease inhibitors in persons at low risk

and perhaps with triple combinations of nucleosideof HIV disease.

analogues involving abacavir, will become more
widely used as the agents of first choice. This is
particularly true if prolonged follow-up of ongoing
comparative trials indicate similar antiviral activ-
ity and further underline the tolerability and ad-
ministrative advantages of some NNRTIs. Protease
inhibitor—based regimens should provide suitable
second-line or ‘salvage’ regimens when and if
these agents fail. This will, however, still mean a
large number of persons receiving very long term
protease inhibitor exposure.

Data are needed to identify those individuals for
whom NNRTI-based HAART may not be ideal.
The single codon mutation in the RT genome suf-
ficient to produce high level resistance to most
NNRTIs demands that these drugs should only be
used in regimens which will completely suppress
viral replication, when combined with agents of
sufficient activity to ensure that the selection of pre-
existing mutants to the NNRTIs cannot emerge.
Protease inhibitors may have advantages in this re-
gard as the development of significant phenotypic

resistance may require a more complex set of mu-io.

tational changes both within the protease genome
and possibly also in thgag gene. However, it is
not really clear whether this higher genetic barrier,
as it is sometimes called, to protease inhibitors re-
ally exists, as there is usually one key resistance
mutation which significantly affects the thermody-
namic interactions between enzyme and inhibitor.
What is really required are head to head com-
parisons of the policies of starting treatment with
an NNRTI-containing regimen followed by a pro-
tease inhibitor regimen for failure compared with
starting the other way round. Such a trial is starting

across Europe (called Initia) and a similar study is

being carried out by the ACTG.

O Adis International Limited. All rights reserved.
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